SYSTEM AND METHOD FOR SCREENING LIQUID COMPOSITIONS BACKGROUND OF THE
INVENTION 1. Technical Field 100011The present invention generally relates to a system and
method for screening liquid compositions such as fuels and lubricating oil compositions. 2. Description
of the Related Art 100021lt is critical to the success of many companies that products can be
efficiently sampledsandsarmensd: FaOexamRIs R itmNeaseIaia inbigatingsigerngosition, the
lubricating oils may be subjected to a demanding environment during use in an internal combustion
engine. The environment results in the oil suffering oxidation which is catalyzed by the presence of
impurityBspekieR ot alsueieagy {anexamyple, iron compounds, and is also promoted by the elevated
temperatures experienced by the oil during use. The catalyzed oxidation of the oil not only contributes
to the farmadidmniedlcomdsive oxidation products and sludge in the oil but can also cause the viscosity of
the oil to increase or even solidify. 100031In addition, deposits can adversely affect the operation of

the engjoeoFor exampie, plepesiiseanisarneadne RIeas of aneRdingropasiRoby ubtcgating oil

compositions. Deposits that form in high temperature areas of an engine can lead to mild engine
damagéiguichcaspistatranddeyinde sendfingrileacdingileaipRlamsmsuch as e.g. increased engine _
emissions. In extreme cases, such deposits can result in, e.g., valve sticking and ring sticking, leading
to possihleestasiiophittBaregeOithe engine. Deposits in low temperature areas of the engine such
as the cranckcase typically take the form of sludge. Sludge formation can reduce the cooling efficiency

of an enghoe] and in seietdtkases tansimpRedetheapetaiomkrmBPSoducts can be efficiently

sampled and screened. For example, in the case of a lubricating oil composition, the
lubricating oils may be subjected to a demanding environment during use in an internal
combustion engine. The environment results in the oil suffering oxidation which is catalyzed
by the presence of impurity species in the oil such as, for example, jron compounds, and is
also promoted by the elevated temperatures experienced by the oil during use. The catalyzed
oxidation of the oil not only 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.

10003] In addition, deposits can adversely affeét the operation of the engme. For
example, deposits can form on the arcas of an engine contacted by lubricating oil
compositions. Deposits that form in high temperature areas of an engine can lead to mild
engine damage such as piston and cylinder scuffing, leading to problems such as e.g.
increased engine emissions. In extreme cases, such deposits can result in, e.g., valve sticking
and ring sticking, leading to possible catastrophic damage of the engine. Deposits in low
temperature areas of the engine such as the cranckcase typically take the form of sludge.
Sludge formation can reduce the cooling efficiency of an engine, and in severe cases can
mmpede the operation of pumps.

[G004] Areas of a fuel intake system can also be burdened by the formation of

deposits.  Typical areas include carburetor ports, the throttle body and venturies, engine
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100041Areas of a fuel intake system can also be burdened by the formation of deposits. Typical areas
include carburetor ports, the throttle body and venturies, engine intake valves, etc. For example,
deposits on the carburetor throttle body and venturies increase the fuel to air ratio of the gas mixture to
the combustion chamber thereby increasing the amount of unburned hydrocarbon and carbon

monoxidggischarged érom the ehambier- dhedioh fuelairatio-alsaredycas, e 4as Mileag

obtainable from the vehicle. [0005] When deposits on the engine intake valves get suf |C|ent$y heavy,

they canigstietitRegasa i iawinidhscombustienshamber Jhiskestiction siarves e engine

of air and fuel and results in a loss of power. Deposits on the valves also increase the probability of

valve faikiegidaro dFURReRALIBRIORSHY NS SEAIAIMIhALALIN, NESEOERRSES.MAY Dreak off and

enter the combustion chamber possibly resulting in mechanical damage to the piston, piston rings,

engine Meachigtcab00R6ATheforRAlien atthessidenasitaan Rednhitited s yell as removed by

incorporating an active detergent into, for example, the fuel. These detergents function to cleanse

these degeisatprone anaas offaibasm iyl depasits. ey erhancingengine peror d?ef%cﬁa%”d
n e

longevity. [0007]Lubricating oil and lubricating oil additive suppiiers as well ds fuel'a additive

suppliersare:thiereformeansianiy Resforming esea chiasliscaver pew: matetials dhat.arg improved in

these aspects. In addition, there are several ASTM engine Sequence tests which must bé& run to

achievedgagsingdgaeitain esdardarcanifkcandigats. ensinsdubricantformuations i%@%élg@('}ﬂ%“‘?“'aﬁons

that meet APl (American Petroleum Institute) and ILSAC (International Lubricant Standardization and

ApprovgkSlaimimites ) aian daliise dowey Mg e iesSIm B UERRPEDRINE and [RGSaNSHTING.
[0008]As a result, bench test methods can be used to assess the performance of any
deposits may break off and enter the combustion chamber possibly resulting in mechanical
damage to the piston, piston rings, engine head, etc.
[0006] The formation of these deposits can be inhibited as well as removed by
incorporating an active detergent into, for example, the fuel. These detergents function to
cleanse these deposit-prone areas of the harmful deposits, thereby enhancing engine
performance and longevity.
{6007) Lubricating oil and lubricating oil additive suppliers as well as fuel and fuel
additive suppliers are therefore constantly performing research to discover new materials that
are improved in these aspects. In addition, there are several ASTM engine Sequence tests
which must be run to achieve passing results in order to certify candidate engine Jubricant
formulations and fuel formulations that meet AP] (American Petroleum Institute) and ILSAC
~ {International Lubricant Standardization and Approval Committee) standards. However,
these tests are very expensive and time consuming.
[0008] As a result, bench test methods can be used to assess the performance of any
new lubricating oil composition or fuel composition prior 1o it being recommended to a
potential user. A good bench test is therefore a crucial component of new product

development, quality control, i.e., fitness for use, and product improvement. For example,
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new lubricating oil composition or fuel composition prior to it being recommended to a potential user. A
good bench test is therefore a crucial component of new product development, quality control, i.e., -
fitness for use, and product improvement. For example, these bench tests are also a useful marketing
tool in trying to convince a potential user to employ an existing lubricating oil composition or an
existingtosrer borgin pésis areinigravestfubneating gl tarhpositinrg, Theyrsétive tordesaanbiisteto a
customer that a particular lubricating oil composition will perform effectively in their specific process.
Thereformptoyoar cehisttgsidhbieatm g raVidensptaiitoat ety doeaciviagt dbat casmphulade thexidhtion and
detergency performance of a new lubricating oil composition or fuel composition under operating
conditiclé:{@a6R] Qiledoanehitesi thaheyaluatesitheaxidationand deieioensy tendeneythadubricating
oil is the "panel coker" test, e.g., Federal Test Method Standard 791B-3462. In the panel coker test,
approxitnaiflytiHOc abeibispreheategdriensusife eiickihan itarmistently proiested hyr-sigang of a
rotating oil stirrer onto an aluminum test plate heated at a high temperature for a period of 48 hours.
The ameunidbdejmiiin theriidinumlaieis beighedatfhe end ahibedShousSdation and

100101Accordingly, there is a need for an improved system and method for screening liquid
compositengsitshmsitubiaating ol eom pesitanscSUMMARYsition or fuel composition under
| operating conditions.
[0009] One bench test that evaluates the oxidation and detergency tendency of a
iubricating 0il is the “panel coker” test, e.g., Federal Test Method Standard 791B-3462. In
the panel coker test, approximately iOO g of oil is preheated in a sump and then intermittently
projected by means of a rotating oil stirrer onto an aluminum test plate heated at a high
temperature for a peniod of 48 hours. The amount of déposit on the aluminum plate is
weighed af the end of the 48 hours.
[6010] Accordingly, there is a need for an improved system and method for screening
liquid compositions such as lubricating oil compositiéns. |
SUMMARY
[0011] In accordance with one aspect of the present disclosure, a system for
screening a liquid composition is provided, the system comprising:
(a) a test c;:_ll ha\}ing a top portion and a botiom portion, the test cell comprising (i) a
test pane! removably mounted to the top portion of the test cell at an angie of between about
10 to about 45 degrees to the horizontal of the test cell; (ii) a reservoir for holding the lguid
composition; and (i) a means for applying a substantially uniform coating of the liquid
composition from the reservoir to at least a portion of the test panel;

(b) a means for heating the test panel according to a first temperature control program;
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[0011]in accordance with one aspect of the present disclosure, a system for screening a liquid
composition is provided, the system comprising: (a) a test cell having a top portion and a bottom
portion, the test cell comprising (i) a test panel removably mounted to the top portion of the test cell at
an angle of between about 10 to about 45 degrees to the horizontal of the test cell; (ii) a reservoir for
holding the liqéid compasititor; heuifil) thensansfor appbyitioa substaetalyenilermeoatingaf the
liquid composition from the reservoir to at least a portion of the test panel; (b) a means for heating
the testpageiracaodding to a first temperature control program, (c) a means for heating the
reservoir according to a second temperature control program. and (d) a means for supplying an

oxidizing gas taijheneshcéit: {00121 acceriinee withia seaenrdaspect of the present disclosure, a
method for screening a liquid composition is provided, the method comprising: (a) providing a test

cell haying top portiog.ang:a-basamspastions e est sRlomRisig ().a jest panel removably

mounted to a top portion of the test cell at an angle of between about 10 to about 45 degrees to the
horizonfat gémjtegm&ghia_imﬂp@@mﬁicpfrm&@ngtﬂaaﬂuﬂfmmgﬁihﬁ%mposition; and (iii) a means for
applying the liquid composition from the reservoir to the test panel;

{2) providing a test cell having a top portion and a bottom portion, the test cell
comprising (i) a test panel removably mounted to a top portion of the test cell at an angle of
between about 10 to about 45 degrees to the horizontal of the test cell; (ii) a reservoir for
holding the Jubricating oi! compoesition; and (iii) a means for applying the liquid composition
from the reservoir to the test panel;

(b) introducing the liguid composition into the reservoir of the test cell;

(¢) heating the test panel according 1o a first temperature controlled program;

(d) heating the reservoir according to a second temperature controlied program,
wherein the test panel is heated to a temperature greater than the temperature of the reservoir;

e} introducing an oxidizing gas 1o the test cell;
(f) applying a substantially uniform coating of the liguid compoéition from the
reservoir to at least a portion of the test p_an.ei; and

g) measuring the oxidation stability of the liguid composition.
{0013} The system and method of the present disclosure advantageously allow for a
simple and inexpensive way to determine the pfoperti_es of a liquid composition such as
oxiéétive stability, detergency and viscosity. In addition, the system and method of the
present disclosure allow (1) th_f: use of a relatively small sample of a liguid composition , such
as a few milliliters; (2) little to no consumption of the Hguid composition: (3) a relatively
short testing period; and (4) improved precision of test resuits. If desired, the method can be

performed in a semi-automated manner and without highly skilled personnel. In addition, the
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(b) introducing the liquid composition into the reservoir of the test cell; (c) heating the test panel
according to a first temperature controlled program; (d) heating the reservoir according to a
second temperature controlled program, wherein the test panel is heated to a temperature greater
than the temperature of the reservoir; (e) introducing an oxidizing gas to the test cell; () _
applyingﬁt@ﬂb&t@h&i@é&d@&éﬁ&&@&%@&ﬁthl%|@ﬁ§b¥@@ﬁ9§8@&iﬁfﬁa@ g 6SE¥PILIpat least a portion
of the test panel; and (g9) measuring the oxidation stability of the liquid composition. [0013]The

system angheeinodiRfiesrRsentisclanue advaniagroushiaiiny fapa simplean inexpgnsive way

to determine the properties of a liquid composition such as oxidative stability, detergency and

viscosityathasditiongthe system andt metbechal nepraseatdisclogiies, Alawd L e uss ofa relatively

small sample of a liquid composition , such as a few milliliters; (2) little to no consumption of the liquid

compositiani{@)a rriativelreshotrteasting Reriadiand (D sREQURMIPIRGRION ol tes! Fesylts.lf desired,

the method can be performed in a semi-automated manner and without highly skilled personnel. In
additionsathgle may be measured during the operation of the test.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Various embodiments are described below with reference to the drawings
wherein:
{00615] FIG. 1 is a schematic diagram of a side view of one embodiment of a system

according to the present invention;
6016] FIG. 2 is a schematic diagram of a rear view of one embodiment of a system
according to the present invention.
[0017] FIG. 3 1s a schematic diagram of a side view of one embodiment of a system
according to the present invention.
[0018] FIG. 4 15 a schematic diagram of a side view of one embodiment of a means

for applying a substantially uniform coating of a liquid composition to at least a portion of the

test panel.

{0019} FIG. 5 is a schematic diagram of an exemplary aliernate pressure viscometer
device,

[0020] FIG. 6 is a partial exploded view of a capillary comprising a syringe.

[0021] FIG. 7 is a cross sectional view of a capillary with a connector.

16622] FIG. 8 is a graph showing the time vs. viscosity plots for Oils 1 and 2.



system and method described herein are capable of providing a variation of several test parameters,
allowing closer replication of real-world conditions such as are found in, e.g., automobile engines.
Further, the system and method described herein can be configured such that online measurements of
liquid composition properties such as the viscosity of the test sample may be measured during the

operatiETAErBShIRRIER DESGR RTIONMEFTEDRAWNG R IERF4Various embodiments are

described below with reference to the drawings wherein: [OOlS]FIG. 1 IS a schematic o_Iiagram of a _side
view of poembodimet gty siesnmecerdingQithenresent inyentian: RO 161G 2 i3asghematic

diagram of a rear view of one embodiment of a system according to the present invention. [0017]FIG.

3 is a sebpmadicstiagrasm Riaisidewiam el aneLcmhegdimantofir aystemasrrdingloifhe present
invention.

the operating temperature of the reservoir, and has a sufficiently low enough viscosity to

allow the liquid from the reservoir to be applied as a substantially uniform coating on at least
a portion of the surface of the test panel. Representative examples of liquid compositions
include lubricating oil compositions, fuels, such as gasoline or diesel fuel; aqueous solutions;
and polymers and polymer solutions and the like. The preferred liquid composition is a
lubricating oil composition. As one skilled inn the art would readily understand, lubricating
oil compositions can reduce friction, and control wear and corrosion when used as a film
between solid surfaces moving relative to one another, Lubricating oil compositions include
engine oils, such as Iubricants used in the crankcases of engines, and functional fluids such as
transmission fluids, hydraulic finids, gear oils, and the like. Lubricating oil compesitions
also include greases.

10024} Generally, the hubricating oil composition includes at least an oil of lubricating
viscosity, also referred to as a base oil. The expression “base oil” as used herein shall be
understood to mean a base stock or blend of base stocks which is a lubricant component that
1s produced by a single manufacturer to the same specifications (independent of feed source
or manufacturer's location); that meets the same manufacturer's specification; and that is
identified by a unique formula, product identification number, or both. The base oil for use
herem 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



[0018]FIG. 4 is a schematic diagram of a side view of one embodiment of a means for applying a
substantially uniform coating of a liquid composition to at least a portion of the test panel. [OC.)19]FIG..5
is a schematic diagram of an exemplary alternate pressure viscometer device. [0020]FIG. 6 is a partlal
exploded view of a capillary comprising a syringe. [0021]FIG. 7 is a cross sectional view of a capillary

i gt (U2 S anaieMnls s wersEe o o
directedh{od Rystem AN SMOH RIS HERAIBIA HAMIGmer: and the like and mixtures thereof.

[0625] As one skilled in the art would readi}y 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 1o about 16 ¢St, and most
preferably about 4 ¢St to about 12 ¢St and will be selected or blended depending on the
desired end use and the additives in the finished oil to give the desired grade of engine oil,
e.g., a lubricating oil composition having an SAE Viscosity Grade of 0W, 0W-20, OW-30,
OW-40, OW-50, 0W-60, SW, SW-20, SW-30, 5W-40, SW-50, SW-60, 10W. 10W-20, 10W-
30, 10W-40, 10W-50, 15W, 15W-20, 15W-30 or 15W-40. Oils used as gear oils can have
viscosities ranging from about 2 ¢St to about 2000 ¢St at 100°C.

[0026] Base stocks may be manufactured using a variety of different processes
mcluding, but not limited to, distillation, solvent refining, hydrogen processing,
oligomerization, esterification, and rerefining. Rerefined stock shall be substantially free
from materials introduced through manufacturing, contamination, or previous use. The base
oil of the lubricating oil compositions of this invention may be any natural or synthetic
lubricating 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 polyaiphaclefin or PAO oils, or from hydrocarbon synthesis
procedures using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process.
For example, a suitable base 0il is one that comprises little, if any, heavy fraction; e.g., little,

if any, lube oil fraction of viscosity 20 ¢St or higher at 100°C,



composition. The liquid composition to be screened may be any substance that is liquid at the
operating temperature of the reservoir, and has a sufficiently low enough viscosity to allow the liquid
from the reservoir to he applied as a substantially uniform coating on at least a portion of the surface of
the test panel. Representative examples of liquid compositions include lubricating oil compositions,

fuels, sygbzas gasolineengiesel fus) ROusAS sRIETiNs:ANHRRYMErsiANdRalumersalufigas and the
like. The preferred liquid composition is a lubricating oil composition.”As oné skilled in the art would

readily wndesstand.ubrieating oilicamnositions saRdadyes isien BRghEaHIOkMaaE ARG FQFrOSIoN

when used as a film between solid surfaces moving relative to one another. Lubricating oll

composifiaiirickiseRnging Hits: SUGhASMRVIGIRawea AL Crankeases ¢fangines,amd,functional
fluids such as transmission fluids, hydraulic fluids, gear oils, and the like. Lubricating oil conipositions

also includgegraases {0AR41eanald Yndhadubricating piisompasiinndudes atiaast agqilgk

lubricating viscosity, also referred to as a base oil. The expression "base oil" as used herein shall be

understpggt i RRNAIRSE: oK arblenshefibase stacksiighys,a dubricant campapgRithat is

produced by a single manufacturer to the same specifications (independent of feed source or

manufachoersiecatiany, haddmeatsithe-samemandacivensspeciicalinp.and.ibakisentified by a

unigue formula, product identification number, or both. The base oil for use herein can be any
presentlyrkapwiiasdaes wiscaveredhase.oll ofdubricatingevssasibupses infopnplatingduhricating oil

compositions for any and all such applications, e.g., engine oils, marine cylinder oils, functional fluids

such aschydgaulicipilsd JvasRisianspissinrduidasete: Additionaly, the.base ilsforuse fierein can
optionally contain viscosity index improvers, e.g., polymeric alkylmethacrylates; olefinic copolymers,

e.g., anpifenacpieRyBnecsanalnesobasbresediyiadiene genahimar anddhe like and mixtures
thereof [0025] 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 oilpered as engingrinilewih navuei Adkioe RIS ViSRS HaNeR:al.LAQE afabautA-CHEigsabout 30
cSt. preferably about 3 ¢St to about 16 ¢St, and most preferabcfy about 4 cSt to about 12 ¢St and will
be selegtathublestedsorpandingeandhadesied.antuse.pnddhe.additives iy the finishedieil to give
the desired grade of engine oil, e.g., a lubricating oil composition having an SAE Viscosity Grade of

OW, O\Wag@thehlY-G0mQW -Aa BWrERa M08 BYWesOMY 2R\ 30 R WA D202 AW 5P i1 OW,
10W-20, 10W30, 10W-40, 10W-50, 15W, 15W-20, 15W-30 or 15W-40. Oils used as gear oils can

have visegsitisl tARAING. ffepasaboutie et aout 2000 6Bt atd 9QGi{P026]Base stocks may be
manufactured using a variety of different processes including, but not limited to, distillation, solvent
refining[(hadnogen prosessing.olgomesizatinng, esteritirationang.remiinmg. Rerefingdsiesk shall be
substantially free from materials introduced through manufacturing, contamination, or previous use.
The basgiotref lak sivicaiieg bilkorpasitsnssatihis pentionMmaydmanydatealer suathetic
lubricating base oil. Suitable hydrocarbon synthetic oils include, but are not limited to, oils prepared
from the.polymetiBatiomed, ethyisneps fsam, thepakimerization RhL-olefinslampiovideRelvmE&rs such as
polyalphaolefin or PAO oils, or from hydrocarbon synthesis procedures using carbon monoxide and
hydrogenlgasascaushpasin-adxiasher poiRPBeRPHRCESH I O &xmple -asuiable bagergikis.ane that
comprises little, if any, heavy fraction; e.qg., little, if any, lube oil fraction of viscosity 20 cSt or higher at
100C. {ne23]Thk fase-eiemaychadeanved fromaratratidricaitng-als, suhgticdubicating.oils or
mixtures thereof. Suitable base oil includes base stocks obtained by isomerization of synthetic wax
and slaethyiaxy ds-bealiasdydrooiackad base sieaks praducediyHavdiociagiingy(tather than solvent
extracting) the aromatic and polar components of the crude. Suitable base oils include those in all API
categonesyhHénks | imnthd/ 1A delfinkded APhdnublicationkbalkylAtl Bditieny Addemdumd tRec. 1998.
Group IV base oils are polyalphaolefins (PAO). Group V base oils include all other base oils not
includedeiriv@iioupzhalh dil 2ed NemAlihougbréroupi lihdlliaad IV base oils are preferred for use in this
invention, these preferred base oils may be prepared by combining one or ore of Group |, II, lll, IV and
V base[8iitiKs or basethilsuseful syathetic lubricating oils inciude, but are not limited to, oils made

by polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,



[0028]Useful natural oils include mineral lubricating oils such as, for example, qu_uid pet_roleum oils,
solvent-treated or acid-treated mineral lubricating oils of the paraffinic, naphthenic or mixed
paraffinic-naphthenic types, oils derived from coal or shale, animal oils, vegetab_le oils (e.g., rapeseed
oils, castor oils and lard oil), and the like. [0029]Useful synthetic lubricating oils include, but are not

limited &sohwmﬁwmaiI5rﬂn@&i|§tal1@c§ub@%ﬂemﬁé@%fbﬁfbﬁiﬁ%%&ﬁ_%@@%%ﬁ?gr@'%’ell

interpolymerized olefins e.g., polybutylenes, polypropylenes, propylene-isobutylene copolymers,

chlorindtedvaotyhititglesigs cp olyi{d=hexenes), poly(1-octenes), poly(1-decenes), ano! the like and
mixtures thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes.

di(2- ethglisaxyl)-benzetsoandedikgnpeiiphsavie sueh aadipbeayvisiemhomsalilaed
polyphenyls, and the like; alkylated diphenyl ethers and alkylated diphenyl SU|fI§eS and thﬁg derivative,

analogs arithh denotegtheresrantidbetike HHARAUMtherasefyhavatheticsivbrieating;ails inglude, but

are not limited to, oils made by polymerizing olefins of less than 5 carbon atoms such as ethylene,

propylehedioytyisnesiigisidbuligoemdentens, and mixiestbamofMethods ot preparing such polymer
oils are well known to those skilled in the art. [0031]Additional useful synthetic hydrocarbon oils include

liquid patyneers of alpha olefins having the proper viscosity. Especially useful synthetic hydrocarbon
oils are the hydrogenated liquid oligomers of C6 to Cr alpha olefins such as, for example. 1-decene
trimer. [0032] Another class of useful synthetic lubricating oils include, but are not limited
to, alkylene oxide polymers, i.e., homopolymers, interpolymers, and derivatives thereof
where the terminal hydroxyl groups have been modified by, for example, esterification or
ctherification. These oils are exemplified by the oils prepared through polymerization of
ethylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene
polymers (e.g., methyl poly propylene glycol ether having an average molecular weight of
1.000, diphenyl ether of polyethylene glycol having a molecular weight of 500 to 1000,
diethyl ether of polypropylene glycol having a molecular weight of 1,000 to 1,500, etc.) or
mono- and polycarboxylic esters thereof such as, for example, the acetic esters, mixed Cs-Cy
fatty acid esters, or the C3 0x0 acid diester of tetraethylene giycol.
{6033] Yet another class of useful synthetic Iubricating oils include, but are not
limited to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic
acids, alkemyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric
acid, adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkeny! malonic
acids, etc., with a variety of alcohols, e.g., buty! 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-ethyvlhexyl)sebacate, di-n-

hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,

didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the



[0032]Another class of useful synthetic lubricating oils include, but are not limited to, alkylene oxide
polymers, i.e homopolymers, interpolymers, and derivatives thereof where the terminal hydroxyl
groups have been modified by, for example, esterification or etherification. These oils are exemplified
by the oils prepared through polymerization of ethylene oxide or propylene oxide, the alkyl and phenyl

ethers ebihiprs pelvoRyaeencraRHICsad edicBE PRI PIPRYIENG Jyeal etherRaving An average

molecular weight of 1,000, diphenyl ether of polyethylene glycol having a molecular weight of 500 to

1000, digthyl ethieref PolypanyiansisiyeabRaving.admpleqular weight of 1,000 to 1.500, etc.) or mono-
and polycarboxylic esters thereof such as, for example, the acetic esters mixed C3-C8 fatty acid

esters, puthgy Cidoxoagid-diester &f sotrasthyigne.olysabitAa3aly stanatharelass afyseiylsynthetic

lubricating oils include, but are not limited to he esters of dicarboxylic acids e.g., phthalic acid.

succinigragidealiot Succinigs acidmalkeny LabeCnieAgifs: Maleiiasid,azelais.acis suberic acid,

sebacic acid. fumaric acid, adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl

malonicraeitisoGihalitl aariahy obalcelols 194 iy aleahal hexykalcohal dodegyLalgohol, 2-

ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc. Specific

examplssphibeseesieisindudedinuytiadinaiapdietniheroshasate. di-nhexyl fumarate, dioctyl

sebacate, diisooctyl azelate, diisodecyl azetate, dioctyl phthalate, didecyl phthalate, dieicosyl

sebacaeosg 2-ethylbpiddiester afdinals esagis dimenithe compiexsiterfprmed by seactipg one

mole of sebacic acid with two moles of tetraethylene glycol and two molés of 2-ethylhexanoic acid and

the likep{0Qa4iEsiesn diseful s syntheticcails also inshiggsdulRIBROLliMiled iR thpseymade, from

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

etc., polybii:ane:polyolshers stamaRNeoRRBYGIeR! Hiimethyloliepans pentasivhrital.

dipentaerythritol, tripentaerythritol, and the like. [00351Silicon-based oils such as, for example,

polyallaytrapiedyacylyi polialoxyrr peivamiexyysigrane aits.aud.sllicate Qils)Samprisg.angiher useful

class of synthetic lubricating oils. Specific examples of these include, but are not limited to, tetraethyl

silicate drttarisppeopy)silicate, teiaReethihex)silicate) dallazdunethdibexyrsilicattoanes,
tetra-(ptert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy )disiloxane, poly(methyl)siloxanes,

poly(methylphenyhsioxannsxand, thadilge Bl yetothesuselyl syhelininbricating it inglude, but
are not limited to, liquid esters of phosphorous containing acids, e.g., tricresyl phosphate, trioctyl
phosphatéudtiethyl estenofidaeane phesrhiciisasidprisprpalmesizigiabyaraiutans apd.he like.
phosphate, trioctyl phosphate, diethyl ester of decane phosphionic acid, etc., polymeric
tetrahydrofurans and the like.
[0036] The lubricating oil may be derived from unrefined, refined and rerefined oils,
either natural, synthetic or mixtures of two or more of any of these of the type disclosed
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 freatment. Examples of
unrefined oils include, but are not limited to, a shale oil obtained directly from retorting
operations, a petroleum oil obtained directly from diétﬂiation or an ester oil obtained directly
from an esterification process, each of which is then used without further treatment. Refined
oils are similar to the unrefined oils except they have been further treated in one or more

purification steps to improve one or more properties. These purification techniques are

known to those of skill in the art and include, for example, solvent extractions, secondary

10



100361The lubricating oil may be derived from unrefined, refined and rerefined oils, either natural,
synthetic or mixtures of two or more of any of these of the type disclosed heremabove. Unrefined oils -
are those obtained directly from a natural or synthetic source (e.g., coal, shale, or tar sands bitumen)
without further purification or treatment. Examples of unrefined oils include, hut are not limited to, a

shale oilipbiained, dikggthy:romerelaring APGTRHANS, aRAERIGHM Qf%&%&ﬁﬁﬁi "e&ilydhom distillation or

an ester oil obtained directly from an esterification process, each of which is Then used Without further

treatmeRerRafediniis-abaimianiodbayprelinedinils sxsepttheyhave hernlurtharreated in one or

more purification steps to improve one or more properties. These purification techniques are known to

those ofshilbindhe aguanddnaluae ofer sxample-solvent RXagtoNs, saardam 19 disillatan. acid or

base extraction, filtration, percolation, hydrotreating, dewaxing, etc. Rerefined oils are obtained by

treatingdiseigilsoiRiogassaseainlarinhase usediooRiajarelined ois.Sughigaralinggojls are also

known as reclaimed or reprocessed oils and often are additionally processed by techniques directed to
removabgf-saerkasiditives and oil breakdown products. [0037]Lubricating oil base stocks derived from
the hydroisomerization of wax may also be used, either alone or in combination with the aforesaid

natural gradfar synthetighaseisioskbSushwaxdiseregais:lis Rrarissddny e hydtgisomerization of

natural or synthetic waxes or mixtures thereof over a hydroisomerization catalyst. [0038]Natural waxes

are typigrilyiheslackiaxesrecavareshithe.solventdewaxing otmineralails: syniheficwaxes are

typically the wax produced by the FischerTropsch process. [0039]In one embodirment, a lubricating oil

compositighdnalugiesvia) idphaital dbEGAINGVIsEoskY 1R ALIeaslang lubricatingoiladditive. In

this embodiment, the oil of lubricating viscosity is typically present in the lubricating oil composition in a

major amaR e gix @rait-amneuat ShRasesehof lbrigaling \scosity, e.g., an amount of greater than
50 wt. %, preferably greater than about 70 wt. %, more preferably from about 80 to about 99.5 wt. %

and mofgsferably fromuabowt 8 tabeutidfwt. 6. Rased eadhe fetalweightof fhe cgmppsition.

and the at least one lubricating oil additive is present in a minor amount. The at’least one lubricating oil

additiveleambe-any prasenty kneywmeniaterdiseaverestadditie wsed indormulating lphiigating oil
compositions. The lubricating oil additives for use herein include, but are not limited to, antioxidants,

anti-wear@gentssodetergents such as metal detergents, rust inhibitors, dehazing agents, demulsifying
agents, metal deactivating agents, friction modifiers, pour point depressants. antifoaming agents,

co-solverisy packagel sompatibitisgis GRIrasiaBriohibitors) ashigssdispermaniss dyssyeXieEme
lubricating viscosity; and (b) at least one lubricating oil additive. In this embodiment, the oil
of lubricating viscosity is typically present in the lubricating oil composition in a major
amount, e.g., a major amount of base oil of lubricating viscosity, e.g., an amount of greater
than 50 wt. %, preferably greater than about 70 wt. %, more preferably from about 80 fo
about 99.5 wt. % and most preferably from about 85 to about 98 wt. %, based on the total
weight of the composition, and the at least one lubricating oil additive is present in a minor
amount. The at least one lubricating oil additive can be any presently known or later-
discovered additive used in formulating iubricating 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, co-

solvents, package compatibilisers. corrosion-inhibitors, ashless dispersants, dyes, extreme

11



pressure agents and the like and mixtures thereof Greases will require the addition of appropriate
thickeners. A variety of the additives are known and commercially available. These additives, or their
analogous compounds, can be employed for the preparation of the various lubricating oil compositions
herein. 100401Alternatively, the lubricating oil additive(s) can further contain a diluent oil to form an

additivepeeneantiaéaisThiesarconeeiratasivaualinedude aleast fiom abeut-98wh M tp,aRput 10 wt.

% and preferably from about 90 wt. % to about 50 wt. %, of a diluent oil and from about 10 wt. % to

about 9hwtofiaierefierrbivfrom aheitd GwhadaiabautROML W afthe farsgeing,additives). Suitable

diluents for the concentrates include any inert diluent, preferably an oil of lubricating viscosity such as,

for exarmple: adngeil @stHasciReshey %Mﬁ?@%@%éﬁ%é@nﬁ@%&%ﬂ%@%y}?%ﬁﬁa@ﬁ{jw fixed with
S

lubricating oils to prepare lubricating oil compositions. Suitable lubricating oils that may be used as

diluents,gateameailhefdukieating ves asityn 100411Generally the lubricating oil compositions of the
present invention will include at least one antioxidant. Antioxidants can reduce the tendency of

materiajggpogleteriorata bpre-RXPOSUR IS QXHIER aRtiiRats Fxamples ot antexidantsinglude, but are

not limited to, hindered phenolic antioxidants, secondary aromatic amine antioxidants, sulfurized

phenolig,antiaxidrns.coibsotubiacoppescampainds: RResRhalusontaRing artigxidantsyerganic
sulfides, disulfides and polysulfides and the like. The antioxidants will ordinarily be present in the

Lubricating aibe@mpositions:ef tefbragentiayapdionsat #Coneealationrangingddirar;AkavtA. 1 to about
5 weight percent. 100421 Representative examples of sterically hindered phenolic antiox dams include,

but are figt et sor ottha-alkylated plenelicccoppRwls suUeh And: Gditebutylpbensh 4 methy |

-2.6-di -tertbutylpheno2.4,6-tri -tertbutylpheno2-tert-buty Iphenot,2.6- diisopropylphenol,

2-methy6dethb Uphane| adatdinsthyulataet-buikipb eel i (BbMNentrates include any inert
diluent, preferably an oil of lubricating viscosity such as, for example, a base oil as described
hereinabove, 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.
0041} Generally the lubricating oil compositions of the present invention will include
at least one antioxidant. Antioxidants can reduce the tendency of materials to deteriorate
upon exposure to oxygen and heat. 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 lubricating oil compositions of the present invention at a concentration ranging from
about 0.1 to about 5 weight percent.
10042] Representative examples of sterically hindered phenolic antioxidants include,
but are not limited to, ortho-alkylated phenolic compounds such as 2,6-di-tertbutylphenol, 4-
methyl-2,6-di-tertbutyiphenol, 2.4.6-tri-tertbutyiphenol, 2-tert-butylphenol, 2.6-

diisopropyiphenol, 2-methyl-6-tert-butylphenol, 2.4-dimethyl-6-tert-butylphenol, 4-(N,N-

12



dimethylaminomethyl)-2, 6-di-tertbutyl phenol, 4-ethyl-2,6-di-tertbutylphenol, 2-methy1-6- styrylphenol,
2,6-distyry1-4-nonylphenol, and their analogs and homologs. Mixtures of two or more such
mononuclear phenolic compounds are also suitable. 10043]Representative examples of other phenol
antioxidants for use in the lubricating oil compositions of the present invention include, but are not
limited tintegitiviahenoedy-mosedhdidged sikutnhenelsy one o et siptealy-indergd.gnbridged
phenolic compounds and mixtures thereof. Examples of methylene-bridged compounds include, but

are not fimiteshtacd, 4. saeihyianshis(GHiachbuty O Eresabakb&-methyenehis(2verhaykogsigsol),
2.2'-methylenebis(4-methyl-6-tert-butylphenol), 4.4'-methylene-bis(2.6-ditertbutylphenol), and the like.

Particularly:prefecieshaieniniku e @bmethenenbridged alkypisgaols such as those described in U.S.
Pat. No. 3,211,652, the contents of which are incorporated by reference herein. 100441Amine

antioxid@tstan alsoregrusadadnhexiatapeating oikconepesiiansebihistiveatiannExamplasdnclude,
but are not limited to, oil-soluble aromatic secondary amines, aromatic secondary polyamines and the

like andotiorohipadidnssthenaefpritaramatici secardasy amineseing reefesreskthxemnnlas af aromatic
secondary monoamines include diphenylamine, alkyl diphenylamines containing 1 or 2 alkyl

substituenis eathbhiggil uikiophboois160garben atoras sphrayalpha-raphiRIniae phenolic
phenyl-beta-napthylamine, alkyl- or aralkylsubstituted phenyl-alpha-naphthylamine containing at least

one or twumabiodr ardiykgreupseeadh Mavingidp 46 akaulid-candopdatemseaidyliiude, but
aralkyl-substituted phenyl-betanaphthylamine containing at least one or two alkyl or aralkyl groups

each hawvingaiditeiakdowt 16icartianiatebisgsant-the,like-c1EMh Lvipreteariesh typg ofaramatic.amine

antioxidant is an alkylated diphenylamine of the general formula R1-05-H4-NH-C6H4-R2
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
alkyiphenols such as those described in U.S. Pat. No. 3,211,652, the contents of which are
incorporated by reference herein.
[0044] Amine antioxidants can also be used in the lubricating oil compositions of this
mvention. Examples include, but are not limited to, oil-soluble aromatic secondary amines,
aromatic secondary polyamines and the like and combinations thereof with 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, phenyl-beta-napthylamine, alkyl- or
aralkylsubstituted phenyl-alpha-naphthylamine containing at least one or two alkyl or aralkyl
groups each having up to about 16 carbon atoms, alkyl- or aralkyl-substituted phenyl-beta-
naphthylamine containing at least one or two alkyl] or aralky! groups each having up to about
16 carbon atoms, and the like.
[0045] A preferred type of aromatic amine antioxidant is an alkylated diphenylamine

of the general formula

R-Cs-Hy-NH-CsHs-Ro



wherein Rl 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 hydrogen atom or an alkyl group (preferably a branched
alkyl group) having 6 to 12 carbon atoms and preferably 8 or 9 carbon atoms. Most preferably, R1 and
Rs are the same. One such preferred compound is available commercially as Naugalubeg 438L, a

materialuvérigh 18, ungeEsIQdioube REgaminatanarfd alUionvicp ﬁﬁ@bﬂg@ €1 - 8arbon atoms

bis(4-nonylphenyl)(amine) wherein the nonyl groups are branched. [0046]Another antioxidant for use
herein igneosrgeisety of anerraaradiauidnpattially Byufrizad:Rhenrls eaPPAUNES U AR those
prepared by reacting sulfur monochloride with a liquid mixture of phenols wherein at least about 50
weight peiegikiafithe fisieolRhereIRiscomnasa aho RIS sastive,Jindsred phenols and in
proportions to provide from about 0.3 to about 0.7 gram atoms of sulfur monochloride per mole of

reactiveybiegieredroheack sarasie preduce @ dinuidRiesuetc TypisalPhensl pbdwss Hsrihin making

such liquid product compositions include a mixture containing by weight about 75% of

2,6-di-tat-butylpheeal, abeut 19%:aiiersutypheneldataiddl 3% of 24 & tHrtarthutylphgnol, and

about 2% of 2.4-di-tertbutylphenol. The reaction is exothermic and is preferably kept within the range

of abougihb6y 101 afiae Mest, Prsie ahiy Petwe el @kt ¥ 0 teeaboul6 Qe [9047dMixtupes of
different antioxidants can also be used in the lubricating oil compositions herein. One suitable mixture
is compigaehef.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

least thiee4different stericadly-hinidereshtertiarydubdatad metbyigne-bridgesdalynhsnrolggand (i) at
least one bis(4-alkylphenyt) amine wherein the alkyl group is a branched alkyl group having 8 to 12

carbon gdaraBy theupseipedtione:afi(D), thnanshiid) ofanweightbasisfalinedn the rapgeef sahput 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 companehibtiiExamplésetisuctartioidants isaussion abayepsa:isclosed: inddSy Ratent No.
5,328,619, the contents of which are incorporated by reference herein. Other useful antioxidants are

those dielasiaie WiSpiRatant NarhP3lea23; the: conteiie ofwhich atmineaiperatet bnrefgrence
herein. [0048]Antiwear agents can reduce wear of moving metallic parts in conditions of high

loads. Exasmplasnofianineas agentstipelusie buihate 0ot linitedtmzipe Qislkyldithierhesrhates and
zinc diaryldithiophosphates, e.g., those described in an article by Born et al. entitled "Relationship

betweem&hemieaiStugihteranghfieciyenesgotibameaiMatafic Rialkytysid Riandidithiephosphates
in Different Lubricated Mechanisms", appearing in Lubrication Science 4-2 January 1992, see for

examplespfigds 94i400;satyl pherbbalgs.ardapesabilesnsulivrCaniainnemsiamPhosphgsulfur

compounds, metal or ash-free dithiocarbamates, xanthates, alkyl sulfides and the like and mixtures

thereofabout 75% of 2,6-di-tert-butyiphenol, about 10% of 2-tert-butvlphenol, about 13% of 2.4.6-
tri-tertbutylphenol, and about 2% of 2.4-di-tertbutyiphenol. The reaction is exothermic and is
preferably kept within the range of about 15°C to about 70°C, most preferably between about
40°C to about 60°C.
[3047] Mixtures of different antioxidants can also be used in the lubricating oil
compositions herein. 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 liguid state at 25°C., (i) an oil-soluble mixture of at least three different
sterically-hindered tertiary butylated methyvlene-bridged polyphenols, and (iii) at least one

bis(4-alkyiphenyl} amine wherein the alkyl group is a branched alkyl group having 8 to 12

carbon atoms, the proportions of (i), (ii) and (iil) on a weight basis falling in the range of
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100491 A detergent can function to neutralize acids that are the product of oxidation, and to suspend
-insoluble contaminants in a lubricating oil, thereby keeping surfaces contacting the lubricating oll
clean, especially high temperature surfaces. Detergents may, for example, contain at least one low
number-average molecular weight hydrocarbon group; at least one polar group; and at least one

inking grayip oscenniRek 116 AR NG ARSI TaHPSHORIGIORNIE IYRially foniain mslel.and are the

salts of acids. [0050]Representative examples of detergents inclu ut aré not limited to, overbased

or neutia) delerannts suabias pullanAIRelegenis s o< bpsematiadiom Akl anzeneapd fuming

sulfuric acid; phenates (high overbased or low overbased), high overbased phenate stearates,

phonotescRlsylalds, DOSPHOAIRS, BIobRasbnanaIemIaNC Stlbrian i oleang mures
mber ( of

thereof Low overbased metal sulfonates typically have a total base nu rom about O to

about SRasdptalaialydian ahaut QA ahawt 22-how aueibased Mcksiliprates adpeutral meta

sulfonates are well known in the art. 100511 Rust inhibitors can protect against the cofrgsion of ferrous

metals.iFxammeias of tusicinibifrsringiude rhutare nRfimited to, nonionic polyoxyalkylene agents,
e.g., polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl

ether, ppivasy ethylene pciiphenshe ey eplooieihyiene e sigapr elngr: RoYRaIRNene oley
onoole

ether, polyoxyethylene sorbitol monostearate, polyoxyethylene sorbito oleate, an p&yethylene

glycol maneolsals:. steRimae! mid alfarauaciels: sigatoxl agids:etal apaps fatly,acid amine
o

salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydr ¢ alcoho :‘B%osphoric

esters; &ﬂ]‘ﬁp&&hﬁ?@ﬁ@y&%ﬁ&% acidnaRaltal siers dhereofiand %EL%%&?%&;\%S?%‘%% gerivatives

thereof; synthetic alkarylsulfonates. e.g., metal dinonylnaphthalene sulfo e and

mixtures dher@ofl 19ARRIFrictianmadifierswamachigmadiy g, frcionalpraperies 8(;3%’2%035-

Examples of friction modifiers include, but are not limited to, alkoxylated fatty amines; borated fatty

epoxidasfal phOSRYILeSHaly RROXSo By AIES DOsaRA Ak ata) AOMIDIRgR, retal sals of
Imidazoli

fatty acids, fatty acid amides, glycerol esters, borated glycerol esters; and fatty zolines’as

discloseghimukiag. iRateBHNRI 372596 4he sanients ohwhich are Q%%H{B@?;%?ﬁ?fg@?}?gl herein;
o ,

friction modifiers obtained from a reaction product of a C4 to C75, preferably a C nd most

preferaji & &ifel Ghl 2R SaY-aCkH 8stelANG A iHQQ&Dp‘P\QQﬁJS‘éHH&O&HB%qﬂcE?}ES{ d from the group

consisof ammonia, and an alkanolamine, e.g., those disclosed in U.S. Serial No. 10/402,170, filed

March 28 200%dhesenaniaahwiichiaie Weiportedbyelarenss darein.and the like and mixtures

thereof 10053]Foam inhibitors can act both to reduce the amount of foam that is formed when a liquid

is agitajgelegnd to redugedhetinedhahidakes RuthSFO3MIO AISSIPAEe product of oxidation,
and to suspend insoluble contaminants in a lubricating oil. thereby keeping surfaces
contacting the lubricating oil clean, especially high temperature surfaces. Detergents may,
for example, contain at least one low number-average molecular weight hydrocarbon group;
at least one polar group; and at least one linking group to connect the polar and nonpolar
groups. Detergents typically contain metal and are the salts of acids.
{0050] Representative examples of detergents include, but are not limited to.
overbased or neutral detergents such as sulfonate 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 sulfonates typically have



Examples of antifoaming agents include, but are not limited to, polymers of alkyl methacrylate;
polymers of dimethylsilicone and the like and mixtures thereof [0054]A dispersant can function to
suspend insoluble contaminants in a lubricating oil, thereby keeping surfaces contacting the lubricating
oil clean. Dispersants may also function to reduce changes in lubricating oil viscosity by preventing the

growth ahlRigeeniaeantRyisien i s lubicationolh Risnecrants mavabaxampleganian at

least one high number-average molecular weight hydrocarbon group; ast one polar group; and at

least oneslinking GrawaLol AAARECH RIS ANAAANRRR GERAS DITRSISATIRALE iYRigally metal free,

generally containing only carbon, hydrogen, nitrogen and oxygen, and sometimes containing boron.

[0055]Rgypegentativerexample sk @ghlgﬁﬁweggﬁg@%én&m%i&%ﬁﬁs&%"&E{B{a‘atﬂa>9a%>¢%‘§y'e“e

succinic anhydrides; non-nitrogen containing derivatives of a polyalkylene succinic anh e; a basic

y
nitrogen, eampomRchasleciediom,the.aronn Ca%%é&ifkg,olﬁéh&%iﬁ"ﬁlﬁgéx%ﬁ%w iCa%&% Lamides,

hydrocarbyl monoamines, hydrocarbyl polyamines, Mannich bases, phosphonoamides

thiophogphenamidesandi:phesriamides thiazalss, %Qghgrf?ﬁi!&?&??‘a‘i%&%@E}g’k‘%’:@%ﬁé’

mercaptobenzoth azoles and derivatives thereof: triazoles, e.g., alkyltriazoles énzotriazoles;

copoIy%ﬁﬁzwhgﬂyp@ﬂfé}{np%Jgamlﬁé&eeééﬁwﬂgﬁ(ﬁ“&@r.%@@%%%&lep8&?-51“&%@%@“@&5‘&!“d"‘9

amine, amide, imine, imide, hydroxyl. carboxyl, and the like, e.g., products prepare
copolyrrizationefdand #bain alfey! agtylaies.armethacniaies wishoaenamers gl d;fe%%g function;
and the like and mixtures thereof Theﬁderivative“s of these dispersants, e.g.,’b?rate%g; ispersants such

as boralegkusGrhniless AN B0cR NSRCL Risferaibn he.disharsania AlE PN AIRIENS suecin mides

derived from animation of polyalkylené succinic anhydrides with polyalkylene polyamine. [0056]In

anotheresehaimR ol iuid comeoniionisadueheamposiion. Geoeipit, afugl s sypptance

used to provide heat and/or power by means of combustion with an oxidant. A fuel composition for

use herginiclidssaticastialual whichran e anmlessRbipRR R IaardssYeref fye] used in

formulating fuel compositions for any and all such applications and engines, e.g., a wide variety of two

stroke anddgsu sifake yaiainaompustion snoings suebarharugtivierionsark igniion (PFS1)
y

engines, direct injection spark ignition (DISI) engines, diesel, marine, natural gas and rogen fueled

enginesibaoesdingitefuals foruse hergin ineipdea Rk atgingtimiteg fo motarfugls, g g gasoline or

diesel which may also contain other components such as alcohols, ethers, or mixture thereof;
kerosenggjetffuels; marine bunker fuel; home heating fuel and the like and mixtures thereof 100571
For example, when the fuel is diesel, such fuel generally boils above about 212F. The diesel fuel can

comprigegEmospherig;gigtiliaig o vacuuim distitatenglia bIBRdANR ANY.PTARQHIARSof staight tun and

thetmally and/or catalytically cracked distillates. Preferred diesel fuels have a cetane number of at

least aliowidfleprefefablyabove abeuhdhdandmase msfaiahlyahoveahau 0. dhe digselfuel can

have such cetane numbers prior to the addition of any cetane improver. The cetane’number of the fuel

can be raisesi by fivecadditen ¢ha Cehanshilpraxey- [HIRRIAISeWher g fuptis-gageling;itgan be
derived from straight-chain naphtha,
fatty amines, metal salts of fatty acids, fatty acid amides, givcerol esters, borated glycerol
esters; and fatty imidazolines as disclosed in U.S. Patent No. 6,372,696, the contents of which
are incorporated by reference herein; fricﬁon modifiers obtained from a reaction product of a
Cy4 to Cys, preferably a Cq to Cay, and most preferably a C¢ to Cyq fatty acid ester and a
nitrogen-containing compound selected from the group consisting of ammonia, and an
alkanolamine, e.g., those disclosed in U.S. Serial No. 10/402,170. filed March 28, 2003, the
contents of which are incorporated by reference herein, and the like and mixtures thereof.,

[0053] Foam inhibitors can act both to reduce the amount of foam that is formed

when a liquid is agitated, and to reduce the time that it takes for the foam to dissipate.
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polymer gasoline, natural gasoline, catalytically cracked or thermally cracked hydrocarbons,
catalytically reformed stocks, etc. It will be understood by one skilled in the art that-gasoline fuels
typically boil in the range of about 80 to about 450F. and can contain, for example, straight chain or
branched chain paraffins, cycloparaffins, olefins, aromatic hydrocarbons, and any mixture of these.

(005911 engembedimant.adie! GaeARosiiancanHpelude @ fist-ang (P)atleast %@eafﬁéeﬁlg additive,

In this embodiment, the fuel is typically present in the fuel composition in a major amount, €.9., an

amount, G kRAlen AR SR Sfoa RS RBIY AT aIer AR AhRNtE ARy Preferably from about
80 to about 99.9 wt. % and most preferably from about 90 18 to about 99.5 wt. %, based on the total

weight qoasalcomposj&iQﬂsyxmmQgﬁ%@m&t%e%g%mﬁ@&wmm%ﬁm?f?igi%ﬁcp &Giinor

amount. [0060]The fuel additives can be any presently known or later-discovered additive used in

formulating faleomeesitionsueushaddiyandnriuiea il a2 BRLIMISH IS fRAORHL coplo

additives, detergents, cetane improvers, octane improvers, eémission reducers, antioxidants, carrier

fluids, mefatidgaetivadars, @@Hg%gameﬁ@ﬁféatmgténhlh@ar&:ﬁ%%l%ig%ﬁﬁﬁga%@ oSAH9sI9g,jphibitors,

antistatic additives, drag reducing agents, demulsitiers, dehazers, anti -i€ing additives, contbustion

improvers,and e ke andmixies iheresl. fivastotibpaddiives arievn and omumercialy
available. These additives, or their analogous compounds, can be employed for the preparation of the
various uelgemMRaskions crage molecutar weight hydrocarbon group; at least one polar group; and
at least one linking group to connect the polar and nonpolar groups. Dispersants are typically
metal-free, generally containing only carbon. hydrogen, nitrogen and oxygen, and sometimes
containing boron.
j0055] Representative examples of ashless dispersants include, but are not limited to.
polyalkylene succinic anhydrides; non-nitrogen containing derivatives of a polyalkylene
succinic anhydride; a basic nitrogen compound selected from the 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,
¢.g., alkyliriazoles and benzotriazoles; copolymers which contain a carboxylate ester with one
or more additional polar function, including amine, amide, imine, imide, hydroxyl, carboxyl,
and the iike, e.g., products prepared by copolymerization of long chain alkyl acrylates or
methacrylates with monomers of the above function; and the like and mixtures thereof, The
derivatives of these dispersants, €.g., borated dispersants such as borated succinimides, may
also be used. Preferably, the dispersants are polyalkylene succinimides derived from
animation of polyalkylene succinic anhydrides with polyalkylene polyamine.
[0056] In another embodiment, the liquid composition is a fuel composition.

Generally, a fuel is 2 substance used to provide heat and/or power by means of combustion
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[0061]Alternatively, the fuel additive(s) can further contain an inert stable oleophiLic organic solvent to

form an additive concentrate. These concentrates usually include at least from about 98 wt. % to about
10 wt. %, preferably from about 98 wt. % to about 25 wt. A and most preferably from about 97 wt. % to
about 50 wt. % of an inert stable oleophilic organic solvent and from about 2 wt. % to about 90 wt. %,

preferahlyifram ahaut? Wtida Q.aheukoR W Ye-and nost-Rigferaly, from aboyt 3wt e dg,about 50

wt. %, of the foregoing additive(s). Useful inert stable oleophilic organic solvent can be solvents boiling

in the 135a8.af ARoWASOF iR:ALRUL 400K haratples b ieli:saly eat Iadde-RYL 3t gL lipited to,

aliphatic hydrocarbon solvents, aromatic hydrocarbon solvents,e.g., benZene, toluene, xy

and the Jika:and.mixtaeshthateh Aliphatic alcohrls, £ntaining.3 1o ARout 8GarLoN AloMS, &19-

isopropanol, n-butanot and the Like, in combination with'the foregoing hydrocarbon solvents are also

suitabledag sq il mdushadlli: 1999214 denpsi conirphagHiivs Sanact I clepandor keep

: : . ool
clean entire fuel intake systems. Examples of deposit control additive ude; but are hot Limited to,

nitrogeny eantaIne:Iepests copdladiies SR as ot aamplsyaioplicacaroy gnes

hydrocarbyl-substituted poly(oxyalkylene) amines, hydrocarbyl-substitited succinimides; Mannich

reactionyegusisyitRRAG-ARINR AP Malt e e Af RAYAINRRENANYAKANQ!S: o oasoline or

polyalkylphenoxyaminoalkanes and post-treated derivatives of the foregoing nitrg§€n-conta|n|ng

compougids-rakihedike and mh&ﬁ%&%ﬁ@ﬁ&@ﬂf#&%&iQﬁ&ﬁ%@&ﬁ@ﬂ&&,‘@iﬂé&’s‘fq{%g d stiipedamines

which may be employed in the present invention are typically straight or branc ain

hydrocagbyssubsiiuied-amings having alkleaskrneRasicnirgenaiam and ﬁ%@ﬁ%ﬁ&?ﬁdrocarbw
alip

group has a number average molecular weight of about 700 to about 3,000. Preferre atic

hydrocainsybstitutedAraiagplcliepalyisahienidand pabisebudmayaamingsaad,pglyamines.

The aliphatic hydrocarbyl amines employed in this invention are prépared by conventional procedures

known injthe: artruchali i I | ' described in.detail in
u.s. Patémoggtf%%gﬁﬁ@g%%,S 3;%%%{74%769?&%%%%%? :%?‘8‘%%%%%%‘57%2&;% 5503 584,

e o pRL SRR DRI DA BRIt Nolp SRR DA JORY AR, preterncd
ydrocarbyl-substituted poly{oxyalkylene) amines (also reférred to as
diese! fuels have a cetane number of at least about 40, preferably above about 45, and more
preferably above about 50. The diesel fuel can have such cetane numbers prior to the
addition of any cetane improver. The cetane number of the fuel can be raised by the addition
of a cetane improver.
16058] Also, when the fuel is gasoline, it can be derived from straight-chain naphtha,
polymer gasoline, natural gasoline, catalytically cracked or thermally cracked hydrocarbons,
catalytically reformed stocks, etc. It will be understood by one skilled in the art that gasoline
fuels typically boil in the range of about 80° to about 450°F. and can contain, for example.
straight chain or branched chain paraffins, cycloparaffins, olefins, aromatic hydrocarbons,
and any mixture of these.
[0059] In one embodiment, a fuel composition can inciude (a) a fuel; and (b) at least
one fuel additive. In this embodiment, the fuel is typically present in the fue] composition in
a major amount, e.g., an amount of greater than 50 wt. %, preferably greater than about 70

wt. %, more preferably from about 80 to about 99.9 wt. % and most preferably from about 90
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polyether amines) are generally hydrocarbyt-substituted poly( oxyalkylene) amines, e.g., hydrocarbyl
poly(oxyalkylene) monoamines and polyamines wherein the hydrocarbyl group contains from 1 to
about 30 carbon atoms, the number of oxyalkylene units range from about 5 to about 100, and the
amine moiety is derived from ammonia, a primary alkyl or secondary dialkyl monoamine, or a

polyamineshaying. 8 yerinadsaminomitoaen sieme Preferahbedie ovallylene.maigivivil be
oxypropylene or oxybutylene or a mixture thereof Such hydrocarbyl-substituted poly(oxyalkylene)

amines @tecie seieiefeb eI in MeSnflateptubios. 5,112,364 and 6,217,624. the contents of
which are incorporated by reference herein. A preferred type of hydrocarbyl-substituted

poly(oxyedikpiene) monigamisiesisian alkyiRheayin P oL AIKYIRREIMANGAMINE YWRSLBIN kv,

poly(oxyalkylene) moiety contains oxypropylene units or oxybutylene units or mixtures of oxypropylene

and oxyhuty lenpumils:in00&s lAmpadiional type Alkydraeady|muks tued polu@xyakylene)amine

are hydrocarbyl-substituted poly(oxyalkylene) aminocarbamates as disclosed, for example, in U.S.

Patent Ngsst. 160:64814id:Q%, 28164 408n4 333468, 4238020 f02d3, 1984 L33 4,288,612

and 4.881,945, the contents of each of which are incorporated by reference herein. These hydrocarbyl

poly(oxyatkulendaminacarlamatas coain AbisASIONE LASIG AIKOYRN alRmiaRd haveAR@yerage
molecular weight of about 500 to about 10.000, preferably about 500 to about 5.000, and more

preferabjesboedrio008 tahabiest 3009 Acquelared aminecarbamate:is atlkyinhenyipalyipxybutylene)
aminocarbamate wherein the amine moiety is derived from ethylene diamine or diethylene triam ne.

[0066]Usehitingdiodiaru-subssiittied sueeinisides are graeralbniveircalyl substityied. ¢
succ.nimides, e.g., polyalkyl and polyalkenyl succinimides wherein the polyalkyl or polyalkenyl group

has an arerdgiiveolecuiaionpightiotabais&0sta-Ahom S, 000 andRreferably about /9@ 4g.about
3,000. The hydrocarbyl-substituted succinimides are typically prepared by reacting a

hydrocathypsubntit et stopivic-anbydridewithaoraming orpolyaminehawadakleast one reactive
hydrogen bonded to an amine nitrogen atom. Preferred hydrocarbyl-substituted succirl n des include

polyisolaasnyl and palitisahitanylhygiinidescanddefivativesthereah BXaMpIes Qficophilic
hydrocarbyl-substituted succ n mides are described, for example, in U.S. Patent Nos. 5,393.309;

5,588,973 hi6 20148615 216, 83 % 94, 845998, 49Rcand BckhftA2s anchBritighRatenthie.

1.486.144, the contents of each of which are incorporated by reference herein. 100671Useful Mannich

reactiorfrprioducis agevgeneralpbobtainad frampieeMaRNitin about 98 wt. % to about 25 wt. %
and most preferably from about 97 wt. % to about 50 wt. % of an inert stable oleophilic
organic solvent and from about 2 wt. % to about 90 wt. %, preferably from about 2 wt. % to
about 75 wt. % and most preferably from about 3 wt. % to about 50 wt. %, of the foregoing
additive(s). Useful inert stable oleophilic organic solvent can be solvents boiling in the range
of about 150°F 1o about 400°F. Examples of inert solvents include, but are not limited o,
aliphatic hydrocarbon solvents, aromatic hydrocarbon solvents, e.g.. benzene, toluene,
xylene, etc., and the like and mixtures thereof. Aliphatic alcohols containing 3 to about 8
carbon atoms, e.g., isopropanol. n-butanol and the like, in combination with the foregoing
hydrocarbon solvents are also suitable for use with the fuel additive.
{0062] A deposit control additive can act to clean and/or keep clean entire fuel intake

systems. Examples of deposit control additives include, but are not limited to, nitrogen-

containing deposit control additives such as, for example, aliphatic hydrocarbyl amines,
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condensation of a high molecular weight alkyl-substituted hydroxyaromatic compound, an amine
containing at least one reactive hydrogen, and an aldehyde. The high molecular weight
alkyl-substituted hydroxyaromatic compounds are preferably polyalkylphenols, e.g., polypropylphenol
and polybutylphenol, wherein the polyalkyl group has an average molecular weight of about 600 to

about 3,080:cEhe RIIRAKRAE AN i dypleriia PolvamIne rsLEh-asnalkylsng ROl amings. especially

ethylene or polyethylene polyamines, for example, ethylene diam ne, diethylene triamine, triethylene

ten-aminenang thadiks, Fhaaldenyds reactantis arnssaly analinhatin.alge %o%mdﬁgl}gﬁmh

formaldehyde, including paraformaldehyde and fonnalin, and acetaldehyde. A preferre

reaction pratiuchis-ablainedduichrdensing apabisebpiRnenal wih flvaldelivde andigfhylene

triamine, wherein the polyisobutyl group has an average molecular weight of about Examples of

MannichutRashion RrapbGta 248 dgsaribesh fongxampie. ). S. Patent Nos. 4231.759 and 5,697,988,

the contents of each of which are incorporated by reference herein. [0068]Additional examples of the

fregomaasitves are dasanagfon arampia IR b Ralep oo, 6,204 618761 5,051,604

and 6,652,667, the contents of each of which are incorporated by reference herein. [0069]Examples of

antiOXiC{ﬁ@ft@@@!ﬂ%v@i%ﬁr@r@%ﬂﬁmﬁds@a@m B HHRERH EcBaifl RIGIUAT NCubstituted amines

phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl) amines; and alkylated phenylene-diammes; phenolics

such andanexample, B bestericaly hindsred altkyRbenalssel-as:A.6rdister-hutylrhengl,
.6-di-tert-butyl-p-cresol and 2,6-di-tert-buty1-4-(2-octy1-3- propanole) phenol and the like and mixtures

thereof o{QpZQI ExsvaMRIes QLiuat iphiitars Tplude.dk areaot limitee 1. nenioRicRvxyalkylene

agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene

nonylphepyheieer:peivexyethylensiosvRnsRy! ﬁi@eﬁsoﬁﬁéxeﬁy}ﬁmmﬁrﬁﬁwé SRR ENEes.
0

polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate. polyoxyethylené€ sorbitol

monooterdes gt ROlRINIADS OlYeRleRoRleate: SIRA G AGd and otheriatly asids.digarharylic acids;
fatty acid amine salts: partial carboxylic
procedures known in the art. Such aliphatic hydrocarbyl amines and their preparations are
described in detail in U.S. Patent Nos. 3,438,757: 3,565,804; 3.574,576; 3,848,056
3,960,515; 4,832,702; and 6,203,584, the contents of each of which are incorporated by
reference herein.
[0064] Useful hydrocarbyl-substituted poly(oxyalkylene) amines (also referred to as
_poiyether amines) are generally hydrocarbyl-substituted poly(oxyalkylene) amines, e.g.,
hydrocarbyl poly(oxyalkylene) monoamines and polyamines wherein the hvdrocarby! group
contains from 1 to about 30 carbon atoms, the number of oxyvalkylene units range from about
5 to about 100, and the amine moiety is derived from ammonia, a primary atky! or secondary
dialkyl monoamine, or a polyamine having a terminal amino nitrogen atom. Preferably, the
oxyalkylene moiety will be oxypropylene or oxybutylene or a mixture thereof. Such
hydrocarbyl-substituted poly(oxyalkylene) amines are described, for example, in U.S. Patent

Nos. 5,112,364 and 6,217,624, the contents of which are incorporated by reference herein. A

preferred type of hydrocarbyl-substituted poly(oxyalkylene) monoamine is an alkyiphenyl
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acid ester of polyhydric alcohol; (short-chain) alkenyl succinic acids; partial esters thereof and
nitrogen-containing derivatives thereof and the like and mixtures thereof [0071]Examples of friction
modifiers include, but are not limited to, alkoxylated fatty amines; borated fatty epoxides; fatty
phosphites, fatty epoxides, fatty amines, borated alkoxylated fatty amines, metal salts of fatty acids,

fatty acigbamidsmighiserplasiimOURRtolcgahesisEi anAdaihe feidasnlings as isplased in U-S.

Patent No. 6,372,696, the contents of which are incorporated by referénce herei modifiers

obtainedfiamra1986HamPramcl Ghadafbio SR PERIALARN R GO IR, Fd  aiglmost preferably a Co to

C20. fatty acid ester and a nitrogen-containing compound selected ffom the group consisting of

ammoniaggsp an alkanolamingns. dyfhase diaslesas inkhSiRatent oﬁl&giﬁ? ApdY . Serial No.
10/402,170, filed March 28, 2003, the contents of which are incorporated by réference herein, and the

like andwmixsusesyibeneefke0 7R emples afantifoaning Agants Aycal;s%?ostgar 3¢ @M@\@e%to’

polymers of alkyl methacrylate; polymers’of dimethylsiticone and the like and mixtures théreof

100731Emplesohdispersantsinciude byt Arenatimised daspalyalkyleng guecinic aphydsides;
non-nitrogen containing derivatives of a polyalkylene succinic anhydride; a basic nitrogeh compound

selected fronptite grosp@onsistingsel ee MRS GALRVLICRGY Jmides. Dygiesarbylmapoamines,

hydrocarbyl polyamines, Mannich bases, copolymers which contain a carboxylate ester with one or

more adglitienak Pela:untien hinGOng BHIN ey ARIER IRRe: Iide VAL, ST bR the like,

e.g., products prepared by copolymerization of long chain alkyl acrylates or methacrylates with

monomedsiohifie@boye fnetionianshthedike.and mixiwesdharant Fhe desyativas,of

eSS,
dispersants may also be used. Preferably, the dispersants are polyalkylene succinlmlc?es erived from

animatiprf oy aliierecuscipis.arislides witheehalkispe Ralyaming 1,199%4 1Refgrring now to

FIGS. 1-7, an example of a system for screening a liquid
preferred aminocarbamate is alkylphenyl poly(oxybutylene) aminocarbamate wherein the

amine moiety is derived from ethylene diamine or diethylene triamine.

[0066] Useful hydrocarbyl-substituted succinimides are generally hydrocarbyi-
substituted succinimides, e.g., polyalkyl and polvalkenyl succinimides wherein the polvalkyl
or potyalkenyl group has an average molecular weight of about 500 to about 5,000, and
preferably about 700 to about 3,000. The hydrocarbyi-substituted succinimides are typically
prepared by réacting a hydrocarbyl-substituted succinic anhydride with an amine or
polyamine having at least one reactive hydrogen bonded to an amine nitrogen atom.
Preferred hydrocarbyl-substituted succinimides include polyisobutenyl and polytsobutanyl
succinimides, and derivatives thereof. Examples of hydrocarbyl-substituted succinimides are
described, for example, in U.S. Patent Nos. 5,393,309; 5,588,973; 5,620.,486; 5,916.825;
5.954,843; 5,993,497; and 6.114.542, and British Patent No. 1,486,144, the contents of each
of which are incorporated by reference herein.

[0067] Useful Mannich reaction products are generally obtained from the Mannich
condensation of a high molecular weight alkyl-substituted hydroxyaromatic compound, an

amine contaming at least one reactive hydrogen, and an aldehyde. The high molecular
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composition is generally illustrated as system 100 Generally, system 100 includes a test cell 110
having a top portion 110a and bottom portion 110c. Test cell 110 includes (i) a test panet 120
removably mounted to the top portion 110a of test cell 110 at an angle to the horizontal 110b of test
cell 110; (ii) a reservoir 130 for holding the liquid composition; and (iii) a means 150 for applying a

substaniall Aol AU R HOUId MO OSHBRIAMLAESROA 30 R AlISALA RO of one

surface of test panel 120. Test cell 110 can be made of any material which is capable of being stable

under tesiingrsoRAiians. &, fomaiRIiBhsRistanhindaPaated Nealing t&&&?ﬂ&ﬁ?f%}w%@aout 300C

under testing conditions. Useful materials include glass, special plastics, metals, etc. In oné€ preferred

embodimeniuiie watariafordeskoetoLitbis metd), and marsAeferably Auminm 1851§Q1ﬁk&@?inum
alloy, such as MAG. 100751Test panel_ 120 is removably mounted to top portion 110a of test cell 110

at an anglentesthe brrzguial kAl ok igstical LR (HIG o3 hoMUER is:e ?&%ﬁé!'%i%gm@!ﬁ!qmd
e

composition, when appliedto the test panel during testing, to run off the test panel without leaving any

drips on:the pRneleenaahyest RANS! A0S ERMONahly-auptes jodhe iop partion affhgdest cell

an angle of between about 10 to about 45 éegrees to the horizontal 1 10b of test cell 110. 1n one

embodifagatdhe moyativganoleds hepuegn aQRiéthOlert,o abeyt 30, degraegalaanother.emhgdiment,

the mounting angle is between about 10 to about 20 degrees. In another embddiment, the mounting

angle ispaRouirifl dagiees-drranaprelemed embadiment thedop PRrtian 4l 02.0fi6sh el 10 is

constructed so as to be slanted at an angle of between 10 and 45 degrees to the horizontal of test cell

110. ThinaliguusHor @ ralaliualyopisk andiSashemauntingrofiheitestipanel anie e dest ook,

10076]Test panel 120 will have at least one flat side that is sufficiéntly large enough to cover the

opening:pkresemoipdidRauthesenpastion 110a0f testealhi 1Q: fardhewsake %prl%?zﬂi%mése’ itis

desirable for the length and height of test panel 120 to be smaller than those of test cell 110. In one

embodigrevibitisAesiabls fobiestnanelladraibeihick sprughioshave suflisient thernal mass so as

not to vary greatly in temperature. In another embodiment, if it is desired to quickly change the

temperatgre obtereshnang sures onerationr& thinRanekodnbeusednQpg skilled in the art will be
able to readily determine the desired thickness of the test panel. In another embodiment, test panel

120 caroneBlde a receptaGind 2k Apfpieceiving B IeHRSI AWUR; RS APLIURE MRANS 1 23 SHER 38, for

example, a thermocouple. 10077JTest panel 120 can be made of any material which is capable of

being stalsle pindier test. conditions, 8.61caeatglialrgsistant QyepsatediieatingdQ astempesature of
about 300C under test conditions. Suitable materials include metal, plastic or glass material, which

may beweiatestoidsoepatadionersome onalbRf its surface that is to contact the samples. A preferred
material for test panel 120 is aluminum or an aluminum alloy, such as AU4G. [0078iTest panel 120 is
removafilgegpunted B igpRestionh%02i@hiestiealldel @hYare not limited to, aminic types, e.g.,
diphenylamine, phenyl-alpha-napthyl-amine, N N-di(alkyiphenyl) amines; and alkylated
phenylene-diamines; phenolics such as, for exampie, BHT, sterically hindered alky! phenols
such as 2,6-di-tert-butyiphenol, 2.6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-(2-octy]-3-
propanoic) phenol and the like and mixtures thereof.
[0070] Examples of rust inhibitors include, but are not Hmited to, nonionic
polyoxyalkylene agents, e.g.. polyoxyethylene laury! ether, polyoxyethylene higher alcohol
ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polvoxyethylene olevl ether, polyoxyethylene sorbitol

monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate;

stearic acid and other fatty acids; dicarboxylic acids; fatty acid amine salts; partia) carboxylic
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any means that is secure enough to prevent the lubricating oil composition from leaking from the test
panel to outside of the test cell during operation. In one embodiment, top portion 110a of test cell 120
possesses a recess which is adapted to hold test panel 120. If desired, a gasket 121, made out of a
material able to withstand prolonged high temperatures such as GORE-TEX', may be placed in

betweendfiesese oAl dest RanediNsApa-emhodiment Ealhaneld40 marhe.mounied.opto test

cell 110 by, for example, a cover plate 160 drilled with holes 162 and 163 o accommodate bolts 162a

and 163aasshQuNinfignea2iand 3 ishekeshania the test s8laAQ averdhe top portion 110a with,

for example, nut 162c. A constant pressure can be applied onto test panel 120 by using a spring 162b

on bolt jfiga (see FigeRhniins istusaibioAsaamermodaieanisxpansion efalkinevarioys pieges of the

system during heating. 100791Reservoir 130 of test cell 110 contains the liquid composition to be

tested. Ao silleshintierart Wilaaadi aRpraRials here s N RaRisUarRRSHITLin g size of

the reservoir; however, the reservoir must be large enough to accommodate’a headspace above the

liquid compesitien tbedesied aswelas i pesosmmedats thednganssanarphing dhe guidy

composition from the reservoir across the test panel, and the means for introducing gas. In general, a

convenignteisedaefaresamoiriRi angitbabeaneld @ valle at.hetween abagk SAnd 200,
preferably between about 10 and 100 ml, and most preferably between about 20 and 50 mi of the

liquid compesiioR:LRR3Atasticel AiG-furheriagludes R Mmeansita0 fon.arRving.A.sHbstaptially

uniform coating of the liquid composition from reservoir 130 to at least a portion of the surface of test

panel 13fhder 6xampie, @3 SHemmFIC: 4o r@aaaﬁdléfagp@%p&aﬂngaa@%%?@tfaﬁy M. coating of
(0]

the liquid composition from reservoir 130 to at least a portion of thesurface of test panel 120 includes

a cylindesdLb himesiedinsidss essaind 30 enancade thatexis BQ&EE@FQJ} thenualis ahiesy cell 110.

The axle can be attached via a coupling system 155 to controlled motor 152 that can be turned on and

off to drivesthe-epirdes. insigie dhairesesv@ira Thesmetgecande controlied y a data acguisitign device

and controller 280 through computer 290, commonly a personal computer. In use, cylinder 151 has
brushes o705 plased Ao gident thinevinderiadaciitate dlivar ef thedestiguid;,
composition onto the test panel. Seal 156 such as a Viton seal on the axle can be used to prevent any

leaks of;taetie uid-conpastian tremdhe reservoir. The liquid composition can be applied onto test
panel 120 according to a controlled program. For example, the means for applying the liquid

composgiieTeis turnedraaaprapplad eatethestPanshder BgeHAIRNME RSO (hihes spak-
period), then the means is turned off for a certain time period (i.e., the -drain” period), thus allowing for

a periodit Application atthelawe onatheniasti Ranel AR hdy sten,100-urtheeicludes means for

heating test panel 120 to a temperature controlled according to a temperature program. Various

means {ooTaating testpanakd 20 drpdannihanexamplae heatingmeansdikaicanincuds areceptacle
172 for receiving a resistance heater 175 inserted into a heating block 177 which contacts the test

panel whgdhddesiqaneliganeuntadiapiethetrst eelh onsraibhdaating means:ied is,meunted over
test panel 120 and under cover plate 160. Also, heating means 170 should be of sufficient length so as

to covenanghe akigtaheakudpstantiallyibeeniive suacaobiestoanshiiR, Thedmeans,iey heating
the test panel is according to a controlled temperature program and further includes a means for
measuringdbe temperattve afdheitesi-pangtirbbisis agepaalished\py8d: RatBermesoyple-inserted
into a receptacle in the test panel as discussed above. Both the means for measuring the temperature
and mean&focbeaiing tbatesy panekeanieope ativehyattagined:iel adata Acruisitiondeyice and
controller 280. The computer controller can be operatively associated with a computer 290 equipped
with anainigo-igital convertesiandiedantoff suitehes farcantralingeatarsiand/orspolasseFor
example, the test panel heating means may include a temperature-controller with an on/off algorithm
for maintgioing afichontsdling thridesired:temperatyroAcceting 108 GArHaHeE: leMmReraye program,
a thermocouple sensor, sensor, and a voltage controller for maintaining low voltage to the heating
elemenfuithi> tesihpahelltarehé iheatedstthereoNsTanrt defperatuig Okeaniba-Reated g different
temperatures depending on the screening method being carried out. [0082]System 100 further
includessmeafs:fier didatitg réispevaiitd 30t @&l telperatytecontiale dacearding:tadiemperature
program. Various means for heating reservoir 130 are also known. For example, heating means 180
can be poheditinig:izlcokcl@2 artpdntiichiieBtpedilalihdscmobaiathee.g., by means of a collar attached to
heating block 182 into which a set screw 181 has been inserted. Heating means 180 can include a
receptacle 185 for receiving, for example, an electrical resistance heater 187 into heating block 182.
Heating means 180



should be of sufficient length so as to cover and be able to heat substantially the reservoir 130 of test
cell 110. The means for heating the reservoir is according to a controlled temperature program and
further includes a means for measuring the temperature of the reservoir. In a preferred embodiment,
the means for measuring the temperature of the reservoir will directly measure the temperature of the

ubricatisijcomposRBEIngEed . e ik ISITRY DS accampld iy, or pigole

insertion of a temperature measuring means 188 such as a thermdcouple t atleast one inlet

189 to drpeghsaaiack herihrivaina.cd rorpesitan Balhhameans fof maashing the jeperature

of the reservoir and means for heating the reservoir can be operatively attac to data acquisition

device and senteliet2$0rdde oMU AORITRYRI SAMBE opelatively a%&%%i@éggiﬂ%%’gﬁ%ﬁ‘ter 290

equipped with analog-to-digital converter and/or on/off switches for controlling ters and/or motors.

For examplo. s sssemvaleatina.meansmaY Indude ademperpilezaoniieller wil,an.nef

algorithm for maintaining the temperature, a .1-thermocouple sensor, an age controller for

maintainings epaeltags 10.G8l healing.glemen; [%@@ﬂgm{au}@@omgmem - %ggggéns for

cooling reservoir 130 of test cell 110. The cooling means can include a plurality of e cooling

fins 105 30&ARchAOHo(586HESnihily HRAR YIBMAOPHININAHINCIMARR A MGANS [RLsYRRIYIN an

oxidizing gas to'the test cell. The gas means may preferably include an inlet 140 for introduicing an

oxidizing, GaSieRsg @S SHRRY FepRbIS. af malntaining canstant oy, and 4 H%’;ﬁ%ﬁiﬁé Megayring the

flow rate of the oxidizing gas. [0085]In one embodiment, system 100 further | es means 200 for

supplyingaa; axidizingCasad alsedor measuring: t{é%m%{ﬁ»ﬁ%ﬁ]%.'é%i%é&%?%‘éﬁ‘ﬁ 0EIG- 3.

system 100 includes means 200 which includes a manifold 210 and’ capillary 220 which are introduced

throughilekd4Qanddmymersagdndthe liadich Means2QueARal oW INBAMIRING e fi) materials

include glass, special plastics, metals, etc. In one preferred embodiment, the material for test
cell 110 is metal, and more preferably aluminum or an aluminum alloy, such as AU4G.

| 0675} Test panel 120 is removably mounted to top portion 110a of test cell 110 at an
angle to the horizontal 110b of test cell 110 (FIG. 3), which is capable of allowing the liquid
composition, when applied to the test panel during testing, to run off the test panel without
leaving any drips on the panel. In general, test panel 120 is removably mounted to the top
portion of the test cell an angle of between about 10 to about 45 degrees to the horizontal
110b of test cell 110. In one embodiment, the mounting angle is between about 10 to about
30 degrees. In another embodiment, the mounting angle is between about 10 to about 20
degrees. In another embodiment, the mounting angle is about 15 degrees. In one preferred
embodiment, the top portion 110a of test ceﬂ 110 is constructed so as to be slanted at an
angle of between 10 and 45 degrees to the horizontal of test cell 110. This allows for a
relatively quick and easy mounting of the test panel onto the test cell.
16076] Test panel 120 will have at least one flat side that is sufficiently large enough
to cover the opening of reservoir 130 on the top portion 110a of test cell 110. For the sake of

convenience, it is desirable for the Jength and height of test panel 120 to be smaller than those
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of the oxidizing gas in the liquid in the test cell and also for measurement of the viscosity of the liquid
composition, i.e., the bulk, in reservoir 130. Various means 200 are known and include, for example.
an alternate pressure viscometer such as those disclosed in U.S. Patent Application Publication Nos.
2008/0127717 and US2008/0127718, the contents of which are incorporated by reference herein.
10086]praxarple; 71Gy Sahewsusrhamaticielan ok aireans,af0 Wi sanbaused.ar

determining a theological property of a liquid composition. It is particularly suited for determining a

changetinsthesfiowief thedeshliomiskcompesitien hy repsated ayaluation of the test liguid gyer time and

thus suitable for use in measuring viscosity as well as changes'in viscosity. More specifically, in FIG.

5, the meanuZAcair be ysedir daten ing heAunamic.viscasityatfa festliayd composilion. Means

200 includes a capillary 220 in communication with the test liquid composition contained in reservoir

130. Thepganiliar 228 ?&gﬁ@ﬂ@:ﬁq%é‘ﬁé@“Qﬁh@sﬁlﬂ%ﬂ’%"tﬁ@QHS&%'_%%tﬁgléot@?eﬁcﬁwtaQﬂ gth to

mitigate end effects and of a cross section suitable to achieve laminar flow in the region. The capillary

220 is @B VRAIRNL RRIRAEd BH D RINg-aIONT: IR SKeHIan BAREH ERMID Y8 Nerdls, The garillary can

also be selected such as to resemble a cylindrical annulus defining an annular region between two

coaxial eikspianeVimaars RRAEON Slitformed Ry-hwerharewLnalss Rreferably, the gapillary is a
capillary tube. 100871The capillary 220 is connected by a manifold 210 to a selectable valve 240. The
capillarynégoeagter with manifold 210 and valve 240 define a chamber of a predetermined volume.

The volume of the chamber can be determined empirically, calculated, or by other suitable methods. In

operatigpgthp chambpssiesaives Rarion aftelestigHisbwhichhfigns thiouah sapiliarna? under the

influence of a difference in pressure across the capillary system. The driving pressure can be positive

pressurgn@e:vasHUBAdIBNe e itisimpariantihatths drvingdorceRe tepredusible anderalatively fast

acting onto the chamber. [0088]The chamber is outfitted with a pressure sensor 250 which can be

used toygrerd;thr diferentialmassurainihe chamber Svring aneaswement igle- Fagdifferential

pressure can be output for data acquisition and control and to a computing device for recordation and

further wiagipslaien chhRselagtablevalve 240 Can e singlaalvie, sUeh a5 dek axamplsa three way

valve which conveniently can be in communication with a regulated pressure source 260, a second

pressurg pruEeR @ ARRAI S RIeSHHE JRVaeRALOPESMRRdImENLINe travlrted Bressure source

260 and the second pressure source 270 are offset by more than one selectable valve 240 such as

242 EV[haviich can beog @faﬂaally(pt@&}@ﬁ@&%tyowuﬁt@@@o%ﬁdﬁaagaﬁ{hiqbacaﬁ & 2aimatly, open

electrovalve, wherein the electrovalves can be controlled by a acquisition device and controller

280. Tharelastiovalves arewselaciaditahadalativelisstactingyalygsowithnvalys aciyatiop,eecurring in
fractional seconds. [0089]Pressure sensor device 250 converts said pressure measured to an
electricge test panel to outside of the test cell during operation. In one embodiment, top portion

110a of test cell 120 possesses a recess which is adapted to hold test panel 120. If desired, a

gasket 121, made out of a material able to withstand prolonged high temperatures such as

GORE-T EX®, may be placed in between the reservoir and test panel. In one embodiment,

test panel 120 may be mounted onto test cell 110 by, for example, a cover plate 160 drilled

with holes 162 and 163 to accommodate bolts 162a and 163a, as shown in Figures 2 and 3, is

boited onto the test cell 110 over the top portion 110a with, for example, mut 162c. A

constant pressure can be applied onto test panel 120 by using a spring 162b on bolt 162a (see

Fig. 3). This is useful to accommodate an expansion of all the various pieces of the system

during heating.



signal, typically a voltage or current capable or being converted to a digital signal for processing by a
data acquisition and controller device 280. Typically, the electrical signal output by the pressure sensor
is a direct current voltage, being in the order of several volts. The output signal can also be direct
current amperage, measured in milliamps. The pressure sensor can be used to measure differential

pressurg{pmpxample;babwesn the ahagben and asmpisRtRLassitec e AR AGuSiipn,and controller

device 280 is used to convert the electrical signals to digital data for er computation with a

computgh29Riicammaslya @ﬁﬁ@&ﬁlf%Bmée%em@fealls\/nﬂﬁgrﬁga{%;@gé%;] ARAQg fR.digital

conversion. Modules combining data acquisition device, a ¢ a computing device are

commergiahysamaliablR QAP0 e Leauiated R eéé%?gé"éﬁ&ﬁ%ﬁg)nﬁ’% eé;& é&ﬁagﬂfﬁ%‘%afg g for

inducing a test liquid to flow through capillary 220 and into the ulated pressure

source 260 SiSRGIUIMA TIPS BYClE sk amRlistin AgkedsiemIned setpainy o oreate a

differential pressure which is dynamic and changes as the test liquid is induced Into t

preferred PIRERUER APHIAS. s AUSQHIBled ressed RIGRSIIE SOMIEG 00, HEh A5 YagyM source.
odas

Regulation of the vacuum source may be accomplished by numerous me hown In the art.

10091]Ig9ne:erehadimenso e e UERR BRSUEAQHIGE GIDRIOYS A AGHUM AUMP £62.6oupled to a

vacuum tank 263 equipped with a vacuum tank pressure gauge 265. The vacuum tank Is regulated

around #56f PRIRY byRklegstangyaeuumdAnsalaetahle Mrua 264, %&?ﬂ!b&?é%igt%%tﬁ%éﬁom -0

millibars to -150 millibars and have a desired precision from about +7-1 millibar around the set point.

The vacut e prassirereRuge oo measkigs the vacuum in the vacuum tank 263. When this
measure is greater than the desired precision, a controller 280 can open a vacuum tank selectable

valve 26gogopl optionally: cemmeneienaration of theMaquemPump, 262 A RaNeM. of fime until the

vacuum regulation is within the desired precision. In a similar fashion, if the vacuum’tank is a pressure

lower thaaithe slesirard presisignsaigansanbeioyeduesd mt&&Q@agMHmo - {099l4segond

pressure source 270 is coupled to at least one selectable valve 240 and used to evacuate the test

lquid frgidhe0aniiaraaidl e RRONRIRSSUIeSoN a8 SrERUIAIEED, LN ANMLAIESRHIHSIng
onditions to induce

suitable techniques. These parameters are not critical and selected under suitable

the test-sanple tenVREHAR BLARIIAR, SYRIRMART 1hYs ar ?eéﬁ'gﬁ}sﬂiwitﬁf@g@@ﬁ%t%'ﬂe%g egulated

pressure source 260. Typical parameters are around 0.5 bar (from‘about 0.1 bar to about 5.0 bar) and

aroundphAklitephone frem-Ock litarhr o aRguhRJiteIsdy)r-J0R231S8%P0H RrESSIIGSQWEE, 20 is an

oxidizing gas so that the test liquid can be
through the walls of test cell 110. The axle can be attached via a coupling system 133 to

controlled motor 152 that can be turned on and off to drive the cylinder inside the reservoir,
The motor can be controlled by a data acquisition device and controller 280 through
computer 290, commonly a personal computer. In use, cylinder 151 has brushes or rods 153
placed on the side of the cylinder to facilitate delivery of the test liquid composition onto the
test panel. Seal 156 such as a Viton seal on the axle can be used to prevent any leaks of the
liquid composition from the reservoir. The liguid composition can be applied onto test panel
120 according to a controlied program. For example. the means for applying the liguid
composition is turned on and applied onto the test panel for a certain time period (i.e., the
“soak™ period), then the means is turned off for a certain fime period (i.e., the “drain” period),

thus allowing for a periodic application of the liguid onto the test panel.



profiled by viscosity change in reference to oxidation During operation, the second pressure source
flow and pressure can be adjusted to slowly bubble a gas through the test fluid. Second pressure -
source 270 is integrated into the operation and serves the dual function of evacuating the test sample
from the capillary and to serve as an oxidative gas source. [0094] FIG. 6 shows a partial exploded
view of pegifpld 210 which inglydesiine capilany 220 PR SARYALIREITeS @ Stajaless steel
hypodermic needle 221 which has a uniform diameter (d) gver a pregeterm?n{g?Iglﬁeé%?g(rf)%uvr\ﬁth 1>cl.
One endhngediz-2alinasadRbiiRArapichissubmersedin og iguig n reservain 439 during a
measurement. The size a?nd Iengtk%&of the r%e%le can be varied abcor%gltg t%%e?g%gé%% Hid
propertiggoRver the:measwiemenkiAspitahle predis is,farexample,,a, 28 Qg%"%&n% Hef, Egmmon
commercial syringe needles presented in gauge size such as Gaugg 10 to Gauge 33, witl the higher
numbereefening tedhe sralistnemingLinside diamalersanhe seiggied (EQL S1ampIe, the needle has
been selected to have a length of from between about 10 ra1m to al@outglg% r%%?\%}t Vgirll%}lhéer diameter

from botks0kemsteahaul b The diam egapillany, iybe jspre-selesied in.accordance
with the tes}faélampsle. [0095]The oppofgﬁgg gnd%t%{?r?%llg t%%%%&llf Féiggitfzr(?c}ag@%ﬁggﬁakﬁe&geﬁ?which is

used (o:ganent gapilian 230doiscometer 240 LNRLHELIUPAA AT Alanagdhend ged which

communicates with a connecthrO%ZS illustrated by a male/male Luer connector, The other &nd of the

connecter 22&isAtRGHACIO Asimilaraeadip 23k aychasai20 %ré'ééoﬁitkvé{e 2l Hﬁ epgof this is

attached to a tube 236 which ultimately attaches to at least one selectable valve, not i Ustrated. The

internalvelue foktie A fld A 40 inchidingtbe Sariliar I N0t the
components having the internalpr%cesses and Iptéroﬁlﬁgggl%& ﬁo&%%?t%%%‘% ge}gé%ﬁ%%[rg%garﬂe 7

illustrates-ARi@/terRatversaRlaty3nd Hssomeatar AT angrment {J&ﬂ@?‘”@%kﬂ@@&%@l&%‘{@%ﬂor ember
g..

7
configurations. Numerous suitable connectors and fasteners are known in the art, uerlocks and

Luer slip0ns,tHeraaleafONNRFOISnEOANEEIBIS 10 i *@1%%&%&&%?%&%%@ L%cﬁleie- 13;3?9%99

fabricated to have a larger internal volume for retaining a larger volume of the test liquid'in'a

measurementisy tleadhisdaraaeyplume Mayaiso.se e Rad eent A Aligual of. the-test liquid from

contaminating non-wetted areas of the viscometer. It is partictilarly desirable to avord’ contamination of

samplezi:ihedaguiated VAGUWIiSOUISE Alst: advapirgeauslyTihe compeneniswnish define the

viscometer are inexpensive and easily replaced. Thus, for example, these components could be a

single uge-eriteadilydisnosabis if thadgstdiqud am%@aﬂ%Rﬁ_%xemm.a&?gﬁta*ﬂ%&R@}P&ﬂﬁéﬁ%r As s

common in oxidation tests, the oxidation by-products contaminate the capillary tubes and are not

readily elgafreski0RO71in epsREiecradfRbadiment el C@ib}%Q&%Ek‘?&ﬂ%%ﬁé@%‘%ﬁﬁ%e outlet

190 for exhaust gas and any vaporized liquid, and cooling means 192 to return orateéi fiquid into

reservaifekal (5ee miG3e Ja3&1&%@@@%@&@1@@@&&9%@8%@%@%%%ﬁlk%ﬁqg [reduction

in the loss of liquid during the screening method, which can be particularly useful for the analysis of

volatilediguidin preferaeaoning-MaResHea:aRRIeNseLANIRIF apai. AdME Qg for,s¢reening a
liquid composition according to the
thermocouple sensor, and a voltage controller for maintaining fow voltage to the heating
element. The test panel can be heated to a constant temperature or can be heated to different
temperatures depending on the screening method being carried out.
[0082] System 100 further includes means for heating reservoir 130 to a temperature
controlled according to a temperature program. Various means for heating reservoir 130 are
also known. For example, heating means 180 can be a heating block 182 onto which test cell
110 is mounted, e.g., by means of a collar attached to heating block 182 into which a set

screw 181 has been inserted. Heating means 180 can include a receptacle 185 for receiving,

for example, an electrical resistance heater 187 into heating block 182. Heating means 180 |
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present invention involves: (a) providing a test cell having a top portion and a bottom portiQn, the
test cell comprising (i) a test panel removably mounted to a top portion of the test cell at an aqgle of
between about 10 to about 45 degrees to the horizontal of the test cell; (ii) a reservoir for hoIdmg_ the
lubricating oil composition; and (iii) a means for applying the liquid composition from the reservoir to

the test REk be of sEHEIPALEINOMNEIGWd compesitianiniohe srggs%‘g(\lgilg%f); i?c]%rtefeﬁg}v%enlfl 1 g%) heating

the test panel according to a first temperature controlled program; e reservoir

according {asacsgcond t@ﬁéﬂﬁ%f&%@%&'@%@G%gé%ﬁw@g&%@&%%‘t%% 88‘61?&&%&“?@%5%%% o
temperature greater than the temperature of the reservoir; (e’) troducing an oxidizing gas to the

test Cel|brogr®%%@h@%ﬂﬁgial%éﬁgoﬁp £Raun Qﬁfﬁbee léﬂ%!gra?t%g%p%%s {ng}ggg{/}o%}'e fF3ervo ir to

at least a portion of the test panel; and (g) measuring thé oxidation stability of the liquid ‘composition.

100991 5ikgb the rerpiuaicis, fled with the ﬁ%l%%tﬁggl g geﬁ%@ﬁ?@g%? theSr v oir will directly
measure the temperature of the iubricating oil composition being tested, i.e., the bulk. This
may be accomplished by, for example, insertion of a temperature measuring means 188 such
as a thermocouple through at least one inlet 189 to directly contact the lubricating oil
composition. Both the means for measuring the temperature of the reservoir and means for
heating the reservoir can be operatively attached to data acquisition device and controlter
280. The computer controller can be operatively associated with computer 290 equipped
with analog-to-digital converter and/or on/off switches for controliing heaters and/or motors.
For example, the reservoir heating means may include a temperature-controller with an on/off
algorithm for maintaining the temperature, a J-thermocouple sensor, and a voltage controller
for maintaining low voltage to cell heating element.
[6083] System 100 can further include a means for cooling reservoir 130 of test cell
110. The cooling means can include a plurality of elongated cooling fins 105, 106 and 107
(see FIG. 1.).
[0084] System 100 further includes a means for supplying an oxidizing gas to the test
cell. The gas means may preferably include an inlet 140 for infroducing an oxidizing gas, a
gas supply capable of maintaining constant flow, and a flow meter for measuring the flow
rate of the oxidizing gas.
[0085] In one embodiment, system 100 further includes means 200 for suppiying an
oxidizing gas and also for measuring the viscosity of the liquid. As shown in FIG. 3, system
100 includes means 200 which includes a manifold 210 and capillary 220 which are

introduced through inlet 140 and immersed in the liquid. Means 200 can allow for bubbling
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skilled in the art will readily understand, in the event that a highly viscous liquid composition is used,
the reservoir can be pre-heated to facilitate-a lower viscous fluid liquid, e., a liquid having a melting
point equal to or less than the start-of-cycle temperature of the reservoir, so that the material is liquid
during the entire screening method. Once the reservoir is filled, the test panel can be placed on the top
of the test gellde:siane the ayaiem, 4004001 thedasanona! Bedeateehil Be figaled agearding o a
temperature controlled program as discussed hereinabove. In one embodiment, a temperature range
for heating the.reserplisaidhe; lestiebaccarding oA emperalie, contrglled program is in the range
of about 130C to abogt 220C. In another émbodiment, the temperature %%Sngeelsaa%)%ﬂ?‘fgoae o about

200C. In@ngiberembpment e SRBRENYE RIGRIRAM 169510 ARAULIBAC In qng preferred

embodiment, the temperature of about 170C can be used. The heating can be starté e sample

quid compasiiamnanesnnigduge inte herest asl e fest £ell can e prefieaied and then the

sample liquid is introduced therein, Of course, within the safety Timits of operation the system, the

temperafiigs saRe v akied QuerAqyide range to suit the characteristics of the liquid. [00101]in order
to assist in oxidizing the liquid composition, a catalyst may be used. For example, a catalyst can be

mixed widbe liquid eamensiiae hiaters ahalierdnedauiseqmpositionsinradysaddn (g test cell A
suitable catalyst includes a metallic oxidation catalyst, e.g., a combination of metal ions such as

copper, igadl RpGAMIRND [ARLAZIThedesipanet Wh‘!e}ﬁ?dh%ﬁg{bt sii‘&SR.rdi{‘%éﬁ?ﬁtfeg%%;Ja&%%han he

controlled program discussed hereinabove. The temperatur e test pan igher

temperat R iRenESarVRIn D 9anRe aling IR0Rerale f@&%;J%ﬁHS%?@%éQ&é&%%@ﬁ&?&% o?(bOUt

250C to about 350C. In one embodiment, the test panel is heated to a temperature ranging from about

275C tombeut 430 dipamemadinent-e 15shRanehisUeAIEC 10, 4AMRaAIIE Langiag from about

280C to about 3 . In one preferred embodiment, a temperature of ab can be used.

[0o103[3heidizingraapanavag amysaswiiehissRraR af Rxidleing Wadeshlonid sampesition

v . L il
under the oxidation conditions. Generally, any gas containing an effective amount o o>¥ygen can be

used. ReREBSRYIALIY e eXAMRIES AhBHIAPIC 6aS LR AP R0 PITLO Ides; pitrogen
dioxides, sulfur? oxideg and the Iikép mixtures thereof The oxkifgiigigilg @% aﬁzglé%%qﬁfﬁc@ lacté%cii?t?onal

gases, sueh % Nehle gaseoE B AHUbREAR: aRdhelium. Pigf e%‘?&ca?ﬁf%é!s% ﬁ&@%@s@%‘ An

advantage of the system and method of the present invention is that since thé sample size is much

smaller apglithetast fRRoHuds Jelplve B8R 988 OddZINg gaRMesdsiRe YR8 rects and of a
cross section suitable to achieve laminar flow in the region. The capillary 220 is convenienﬂy
selected as being a long thin circular tube, commonly a needle. The capillary can also be
selected such as to resemble a cylindrical annulus defining an annular region between two
coaxial circular cylinders or a narrow slit formed by two narrow walls. Preferably, the
capillary 1s a capillary tube,

[0087] The capillary 220 i3 connected by a manifold 210 to a selectable valve 240.
The capillary 220 together with manifold 210 and vaive 240 define a chamber of a
predetermined veolume. The volume of the chamber can be determined empirically,
calculated, or by other suitable methods. In operation, the chamber receives a portion of the
test liquid which flows through capillary 220 under the influence of a difference in pressure

across the capillary system. The driving pressure can be positive pressure or vacuum,
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[001041The oxidizing gas may be delivered to the test cell at a constant flow rate. Typical flow rates of
the oxidizing gastange from about 0.5 to about 2 1/hour, with about | Uhour being preferred
1001051The oxidation of the liquid composition in the test cell is performed for a specified time.
Although the duration for the oxidation of the liquid is not limited, the duration can range from several

hours tq,sguesakdaYsH@A8 %mbm@iHﬁ?&lhg%x@wf@éi9&!9&@?81%&9@?&%%&9%AE‘B_%&@%%‘Qe from

about 18 to about 24 hours. The latter time compares favorably with the test duration for typical
oxidatiogafd getgraency tests, which can take hundreds of hours to complete. [00106]If desired, the
liquid can be stirred and/or agitated during the delivering of the gas to the test cell and/or the heating

of the lignigig the testrellHARL07IGRETAYY. @isvhsianialy waifermsaaling o' he liayid gqmposition
is applied

record the differential pressure in the chamber during a measurement cycle, The differential
pressure can be output for data acquisition and control and to a computing device for
recordation and further manipulation. The selectable valve 240 can be a single valve, such as
for exampie a three way valve which conveniently can be in communication with a regulated
pressure source 260, a second pressure source 270 and the pressure gauge 250. In one
embodiment, the regulated pressure source 260 and the second pressure source 270 are offset
by more than one selectable vaive 240 such as 242 EV1 which can be a normally closed
electrovalve and 244 EV2 which can be a normally open eclectrovalve, wherein the
electrovalves can be controlled by a data acquisition device and controller 280. The
electrovalves are selected to be relatively fast acting valves, wi’;h valve actuation occurring in
fractional seconds.

[6089] Pressure sensor device 250 converts said pressure measured to an electrical
signal, typically a voltage or current capable or being converted to a digital signal for
processing by a data acquisition and controller device 280, Typically, the electriéal signal
output by the pressure sensor is a direct current voltage, being in the order of several volts.
The output signal can also be direct current amperage, measured in miliiamps. The pressure
sensor can be used to measure differential pressure for example between the chamber and
ambient pressure. The data acquisition and controller device 280 is used fo convert the
electrical signals to digital data for further computation with a computer 290, commonly a
personal computer. Typically, the conversion is analog to digital conversion. Modules
combining data acquisition device, a control device and a computing device are commercially

available.



to at least a portion of the test panel. By "substantially uniform coating” is meant a relatively
contiguous coating of the liquid composition applied on the portion of the test panel which is ordinarily
of the same thickness, i.e., a uniform thickness. A substantially uniform coating on the test panel
advantageously allows for the test panel, after being subject to an oxidation cycle, to have a generally
consistqghggjored apprarARGE AGOSS; e %ﬂl}%esﬁg@%?ot\b&felss Fpged o the testreservoir, In this
manner, the generally consistent colored appearance of the coating on the test panel can bé rated
accordingieqy of IR SOdBILRATEHAUC.IR dleting ihe detgigency poperlios of dhe iauid
composition, as discussed hereinbelow. In one preferre earnnl)odiment,%ﬁe |qui%rcomp03|‘t]ion is
applied g¢he destRanslin aniniermitientmanpan in a continuous manner. For example, a
substantially uniform coating gf the Tiquid co%})%%ﬂsgﬁ%gg irst r%(}r% Fé*“d“%%ﬁﬁ‘”‘é 83#68&5?%%& a cycle
of about, 91386004 (LRsthe SRRk Retiod), follaw abaut.15 seconds.of draining of the liquid from
the panel (i.e. the "dijair?'$ period). In] thi ma;mer, t%%%%a%%ﬁﬁgf%sggﬁ%gnlﬁaﬁ?y%%el?o%fr%chlgting or
substaryaliniiorn Ao Amoliedigiiscomprsiianandisdes paneloanbe aghieved thereby
simulating the thin film oxidation and detergency behavior of, for gxamp e, aliuebrlca’ung 0|ilcomposmon
in additign. tQ,its Bulk behayion, I thisemaongt, bath the surf roperties.and the bulk properties of
the liquid composition can l%fgetermined. [00108 Fsor detelr%('éﬁagt?or%)ccglp gﬁ%ﬁ%@?@aﬁﬁﬂ%&%e liquid
composiiqn, e igwid;cenpapgsition is analyzed by the means for determining oxidation stability.
Various means for deteinuning oxidation stability are known and generally include viscometric
determinaigqys. infrargd,bsorbanee. Maps SRRCUPHE MEASHING the total base or total acid
number, andl?the like. Oxidation stab?lit{/ data result o# the test cér%I ‘%Ep%%%%éﬁce‘él*% %%méf?c%lccal or
optical sigpabang yansmiledavia aFiopaliransmission ing 19,2, g1 conuoller, 10010911 one
embodiment, oxidation stabilitgi/ of the I?(%ilgﬁé?mpoSition%%\%{Sk%a}é&;ﬂggééltrs,sﬁree.,"E%%égum%}?s etermined by
periodically,measuriegdnaNRCARIRAL LIRS IGHICCOMRASINAN Quing.ihe pxidation;perind. The viscosity
can be measured by means of an online viscosity measurement apparatus, such as the apparatus and
methOdtﬁb‘-?@ip%_@ldﬁ&Hssﬂg alent -’%9%@1@%9& Rublication Nos. e%{)(p §£gc% %738181768' drezr '0101.8()/8%%?718 as
discussed hereinabove. The viscosity can be measured at any time during the dxidation cyclfe such as,
for exanl: ONGE,EURRY: 2MAAES LQQLIOLITANQIGT Srabadiment, oxidation stability Is deteimined
by measuring the infrared absorbance of the liquid periodlca{jﬁurinrgé)fﬁe%)%;igﬁaﬁéf%g%he
degree ofaridationdsthen-Asteimiped Wnmeasuring e infrared absgrange of the carbonyl peak at
1710 calJd using, e.2., a Fourier transform inlfrared spectromeéter fgf‘% g%oée?”lle—“ 48R ?gfééd
apparatush: Ao ddation s hlacs./iis abserbansedealilL 149 ciicirRRgaRMng g Qidation of

. The'data can't

the test liquid as carbonyl-containing functional groups are produce en %ec?ecorded
in a datghasged AP 1L HeaRotsh skosimepL-exidatnh.StARNINIS Aetermingd.ay Introduging a
the desired precision. In a similar fashion, if the vacuum tank is a pressure lower than the
desired precision, a gas can be introduced into the vacuum tank.
[0092] A second pressure source 270 is coupled to at least one selectable vaive 240
and used to evacuate the test liquid from the capillary 220. The second pressure source is
regulated in flow and pressure using suitable techniques. -These parameters are not critical
and selected under suitable conditions to induce the test sample to evacuate the capillary
system and thus are seiected with reference to the regulated pressure source 260. Typical
parameters are around 0.5 bar (from about 0.1 bar to about 3.0 bar) and around 1.0 liter/hour

(from 0.1 liter/hr to about 3 liters/hr).



fiber optic probe having a proximal end and a distal end for transmitting light energy into the reservoir
of the test cell. A light source for generating excitation energy is operatively associated with the optical -
fiber probe such that said excitation light passes through the optical fiber probe, and a detection

means is operatively associated with the optical fiber means for detecting an emission and/or

cbsorpysgnal dengialeg e dsskeol el aeh ribhedl Al Rl IR b iatle

light adsorption, e.g., borosilicate glass. The data can then bé recorded in a

preferreck bRl b A SEIERISMAINCNGlides detepiping s feisjaency properes of the

liquid composition by rating the test panel according to any o ard pa a u%jgen%{ﬁods after

the oxidgiiea.oxele Bag seRakidedAsInaLIS At cBRSRPUIGR, N 155! panegan be rated

by visually comparing the generally consistent colored appearance ot the coating on est panel to a

standardJaying btk usles & QRCINE0RATROIRL Shartane 2elaniag Aymericel walus based on

: TIIOD Of .
the colored appearance, e.g., a rating where a value of 10 is Ightest color and a value of O is the

darkest solar a5 nove . T, ARG ok ihe.iesl panel nvalving 4.sual aparison with the

known rating standard is generally conducted after the test pan eer cleaned and dried.

A ater siading angAningdepostingen beteTONaR aM 116 pangls Al eiged

EXAMPLES |00113]A closed test cell for oxidative conditions was prepared in accordance with the

bresentdsyeponandfguraiiere anaeediauidinesaad arearinga e pionig pergmeters
[00114]Test duration: 24 hours [00115]Panel temperature: 295C

uniform diameter (d) over a predetermined length (1) with I>d. One end of needie 221 has a
flat tip 222 which is submersed in the liquid in reservoir 130 during a measurement. The size
and length of the needie can be varied according to the expected fluid properties over the
measurement. A suitable needle is, for example, a 25 G, 1" long Luer. Common commercial
syringe needles presented in gauge size such as Gauge 10 to Gauge 33, with the higher
number referring tor the smaller nominal inside diameter can be selected. For example, the
needle has been selected to have a length of from between about 10 mm to about 100 mm
with an inner diameter from bout 0.1 mm to about 1.5 mm. The diameter of the capillary
tube 18 pre-selected in accordance with the test sample.

[6095] The opposing end from flat tip 222 has a standard Luer hub 223, which is used
to connect capitlary 220 to viscometer 210. The Luer hub 223 has a flanged head 224 which
communicates with a connector 225 illustrated by a male/male Luer connector. The other
end of the connector 225 is attached 1o a similar needle 231 such as a 20 G, 6" long Luer,
The tip end of this is attached to a tube 236 which ultimately attaches to at least one
selectable valve, not illustrated. The internal volume for the manifold 210 inciuding the
capillary 220 is fixed by the selection of the components having the internal recesses and

provides a flow path for the test liquid.



[00116]Reservoir temperature: 170C [00117]Gas: air [00118]Gas flow: 1 liter/hour [00119]Sequential
projection: Soak time 5 seconds [00120]Drain time 15 seconds [00121]Sample size 0 ml
1001221After the test was complete, the test panel was softly cleaned and the visual appearance of
the panel was rated using an automated video rater based on the CEC M-02-A78 color chart. A rating

of 10 ismwéightest amud is thedlarkest. Fheresulis.ef tisitas! amm setfaunbglowin Jable  TABLE 1

indicating alternative connector member configurations. Numerous suitable connectors and
fasteners are known in the art, e.g., Luer locks and Luer slip-ons, threaded connectors,
connectors to tubing, etc. Connector 225 in FIG. 7 can be fabricated to have a larger internal
volume for retaining a larger volume of the test liquid in a measurement cycle. This larger
volume may also serve and prevent an aliquot of the test liquid from contaminating non-
wetted areas of the viscometer. It is particularly desirable to avoid contamination of sample
to the regulated vacuum source. Also, advantageously, the components which define the
viscometer are inexpensive and easily replaced. Thus, for example, these components could
be a single use or readily disposable if the test Hquid plugs and/or contaminates the
components. As is common in oxidation tests, the oxidation by-products contaminate the
capillary tubes and are not readily cleaned.

[0097] In one preferred embodiment, test cell 110 further includes at least one outlet
190 for exhaust gas and any vaporized liquid, and cooling means 192 to return evaporated
liquid into reservoir 130 (see FIGS. 1-3). The addition of a cooling means advantageously
allows for a reduction in the loss of liquid during the screening method, which can be
particularly useful for the analysis of volatile liquids. A preferred cooling means is a
condenser.

[6098] Generally, a method for screening a liquid composition according to the
present invention mvolves:

(a) providing a test cell having a top pertion and a bottom portion, the test cell
comprising (i} a test panel removably mounted to a top portion of the test cell at an angle of
between about 10 to about 45 degrees to the horizontal of the test cell; (if) a reservoir for
holding the lubricating oil composition; and (iii) a means for applying the liquid composition

from the reservoir to the test panel;

[ 5]
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Oil 1 0i12 0i13 0i14 Measurement 1 9.810.2 2.5 5.0 ' Measurement 2

(b) introducing the liquid composition into the reservoir of the test cell;

(¢} heating the test panel according to a first temperature controlled program;

(d) heating the reservoir according to a second temperature controlled program,
wherein the test pane] is heated to a temperature greater than the temperature of the reservoir;

(e} introducing an oxidizing gas to the test cell;

(f) applying a substantially uniform coating of the liquid composition from the
reservoir 1o at least a portion of the test panel; and

(g) measuring the oxidation stability of the liquid composition.
[06099] First, the reservoir is filled with the selected liquid composition. As one
skilled in the art will readily understand, in the event that a highly viscous liquid composition
is used, the reservoir can be pre-heated to facilitate a lower viscous fluid liquid, i.e., a liquid
having a melting point equal to or less than the start-of-cycie temperature of the reservoir, so
that the material 1s liquid during the entire screening method. Once the reservoir is filled, the
test panel can be placed on the top of the test cell to close the system.
[00100] The reservoir of the test cell will be heated according to a temperature
controlied program as discussed hereinabove. In one embodiment, a temperature range for
heating the reservoir of the test cell according to a temperature controlied program is in the
range of about 130°C 1o about 220°C. In another embodiment, the temperature range is about
150°C to about 200°C. In another embodiment, the temperature range is about 160°C to
about 180°C. In one preferred embodiment, the temperature of about 170°C can be used.
The heating can be started afier the sample liguid composition has been introduced into the
test cell or the test cell can be preheated and then the sample liquid is introduced therein. Of
course, within the safety limits of operation of the system, the temperatures can be varied

over a wide range to suit the characteristics of the liquid.



9.4 0.3 2.54.9 Measurement 3'9.9 1.0 2.5 5.0 Measurement 4

[00101) In order to assist in oxidizing the liquid composition, a catalyst may be used.
For example, a catalyst can be mixed with the liquid composition before or after the liquid
composition ts introduced in the test cell. A suitable catalyst includes a metallic oxidation
catalyst, e.g., a combination of metal ions such as copper, lead and aluminum.

[00102] The test panel will be heated according to a temperature controlled progran
discussed hereinabove. The temperature of the test panel will be higher than the temperature
of the reservoir, In general, the temperature range for heating the test panel is about 250°C to
about 350°C. In one embodiment, the test panel is heated to a temperature ranging from
about 275°C to about 330°C. In one embodiment, the test panel is heated to a temperature
ranging from about 280°C to about 320°C. In one preferred embodiment, 2 temperature of
about 295°C can be used.

[00103] The oxidizing gas may be any gas which is capable of oxidizing the test liquid
composition under the oxidation conditions. Generally, any gas containing an effective
amount of oxygen can be used. Representative examples of a suitable gas include air, pure
oxygen, nitrogen oxides, nitrogen dioxides, sulfur oxides and the like mixtures thereof, The
oxidizing gas can also include additional gases, such as noble gases, e.g., argon, neon, and
helium. Preferably, air is used as the gas. An advantage of the system and method of the
present invention is that since the sample size is much smaller and the test length is relative
short, less oxidizing gas needs to be used.

[601064] The oxidizing gas may be delivered to the test cell at a constant flow rate.
Typicai flow rates of the éxidizing gas range from about 0.5 to about 2 Vhour, with about 1
/hour being preferred

[606165] The oxidation of the liquid composition in the test cell is performed for a
specified time. Although the duration for the oxidation of the liquid is not limited, the

duration can range from several hours to several days. In one embodiment, the duration for
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9.70.82.75.1 Mean 9.700.57

the oxidation of the liquid can range from about 18 to about 24 hours. The latter time
compares favorably with the test duration for typical oxidation and detergency tests, which
can take hundreds of hours to complete.

[00106] If desired, the liquid can be stirred and/or agitated during the delivering of the
gas to the test cell and/or the heating of the liguid in the test cell.

[06107] Generally, a substantially uniform coating of the liquid compesition is applied
to at least a portion of the test panel. By “substantially uniform coating” is meant a relatively
contiguous coating of the liquid composition applied on the portibn of the test panel which is
ordinarily of the same thickness, i.e., a uniform thickness. A substantially uniform coating on
the test panel advantageously allows for the test panel, after being subject to an oxidation
cycle, to have a generally consistent colored appearance across the entire surface that is
exposed to the test reservoir. In this manner, the generally consistent colored appearance of
the coating on the test panel can be rated according to any of the standard panel rating to
determine the detergency properties of the liquid composition, as discussed hereinbelow. In
one preferred embodiment, the liquid composition is applied to the test panel in an
intermittent manner, and not in a continuous manner. For example, & substantially uniform
coating of the liquid composition can first be applied to the test panel for a cycle of about 5
seconds (i.e., the “soak™ period), followed by about 135 seconds of draining of the liquid from
the panel (i.e., the “drain” period). In this manner, the formation of a substantially uniform
coating or substantially uniform thin film of the liquid composition on the test panel can be
achieved thereby simulating the thin film oxidation and detergency behavior of, for example,
a lubricating oil composition in addition to its bulk behavior. In this manner, both the surface
properties and the bulk properties of the liquid composition can be determined.

[00168] For determination of oxidation stability of the liquid composition, the Iiquid

composition is analyzed by the means for determining oxidation stability. Various means for
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2.55 5.00 1 Standard deviation 10.210.4 0.1 0.1 1001231In addition, the viscosity of each test oil was
measured during the oxidation cycle. The viscosity variation was measured using the online viscosity
measurement apparatus and method as described in U.S. Patent Application Publication Nos.
2008/0127717 and 2008/0127718. The viscosity of each test oil was measured at 5 minute intervals

during thessesigiationextiadl aasiiiesteAiaphshONINg A FERISSENALME DS Yisrfiseosity,plot for test

oils | and 2 of Table 1 are shown in Figure 8. 1001241While the above description contains many

specificimthese sresiiasshauld HrEbecapstivedas linitations ehthe invention: drbiesrely s
exemplifications of preferred _

the like. Oxidation stability data results of the test can be converted to an electrical or optical
signal and transmitted via a signal transmission line to a computer controller.

[00109] In one embodiment, oxidation stability of the liquid composition in the
reservoir, i.e.. the bulk, is determined by periodically measuring the viscosity of the fiquid
composition during the oxidation period. The viscosity can be measured by means of an
online viscosity measurement apparatus, such as the apparatus and method disclosed in U.S.
Patent Application Publication Nos. 2008/0127717 and 2008/0127718 as discussed
hereinabove, The viscosity can be measured at any time during the oxidation cycie such as,
for example, once every 5 mimutes.

[00110] In another embodiment, oxidation stability is determined by measuring the
infrared absorbance of the liquid periodically during the oxidation period. The degree of
oxidation is then determined by measuring the infrared absorbance of the carbonyl peak at
1710 cm™ using, e.2., a Fourier transform infrared spectrometer (e.g. a Bruker IFS 48 infrared
apparatus). As oxidation takes place, the absorbance peak at 1710 cm™ increases owing to
oxidation of the test liquid as carbonyl-containing functional groups are produced. The data
can then be recorded in a database,

196111 In another embodiment, oxidation stability is determined by introducing a
fiber optic probe having a proximal end and a distal end for transmitting light energy into the
reservoir of the test cell. A light source for generating excitation energy is operatively
associated with the optical fiber probe such that said excitation light passes through the
optical fiber probe, and a detection means is operatively associated with the optical fiber

means for detecting an emission and/or absorption signal generated from the test cell. The



embodiments thereof. Those skilled in the art will envision many other embodiments within the scope
and spirit of the invention, as defined by the claims appended hereto. WHAT ISCLAIMED IS: 1. A
system for screening a liquid composition, the system comprising: (a) a test cell having a top
portion and a bottom portion, the test cell comprising (i) a test panel removably mounted to the top

portion eftheitestirel at anmneieolbetveend@ue 45-degresstegheherizopta afithe-teskeell; (i) a
reservoir for holding the liquid composition; and (iii) a means for applying a substantially uniform

coatingofcthediguitieampasitipndiamtlgisgservoir to at least a portion of the test panel; (b) a
means for heating the test panel according to a first temperature control program; (c) ameans

for heatipgi thg resenigibACGREMNG A0:ABEERANChICIND QFAlenc ARl RIr QAR aia@iax_-mmm%d)@ means

for supplying an oxidizing gas to the test cell. 2. The system of Claim 1, wherein the liquid

compogitiRpis B uRHsatinRg ofl GemMpasitiahodifuel GEMPOSIUAR test panel according to any of
the standard panel rating methods after the oxidation cycle has conciuded as known in the art.
In one embodiment, the test panel can be rated by visually comparing the generally consistent
colored appearance of the coating on the test panel to a standard rating chart such as a CEC
M-02-A-78 color chart and assigning a numerical value based on the colored appearance,
e.g., a rating where a value of 10 is the lightest color and a value of 0 is the darkest color, as
known in the art. The rating of the fest panel involving a visual comparison with the known
rating standard is generally conducted after the test panel has been cleaned and dried.
Alternatively, afier cleaning and drying, deposits can be removed from the panels and
weighed.

EXAMPLES

[00113]} A closed test cell for oxidative conditions was prepared in accordance with the

present invention and four oils were analyzed four times each according to the following

parameters:

[00114] Test duration: 24 hours

{00115] Panel temperature: 295°C

[60116] Reservoir temperature: 170°C

[00117] Gas: air

[00118] (Gas flow: 1 liter/hour

[00119] Sequential projection: Soak time 5 seconds
[0612(] Drain time 15 seconds

[66121] Sample sjze: 10 ml



3. The system of Claims 1 or 2, wherein the means for applying the liquid composition comprises an

axle having brushes thereon and a motor operatively connected thereto. 4. The system of Claims
1-3, wherein the means for heating the test panel comprises a temperature-controller with an on/off
algorithm for maintaining the temperature, and a thermocouple sensor. 5. The system of Claims

1-4, wheggirpthe meansiforeating.therespMeIHEOMBIISESA @é?%%ﬁ%?é&g&{; I uith an pn/oft

algorithm for maintaining the temperature, and a thermocouple sensor: e system of Claims

1-5, wherpinthemaans fanSUpRMALLNRRXIIZING 8a%. SAMRIISES-ARQXIdIZING.938 SHRR)Y. Garable of

maintaining constant flow, and a flow meter for measuring the flow rate of the SXI 1ZIng gas. 7.
The systeraphClgims JeG.wleceinoine meansdarsurplving. thg.oxidizing gas comprises an apparatus
for determining a rheological property of the liquid composition, the apparatus comprising a capillary
having adirst-gng.gnd;a seernd end with a substantially uniform diameter over a predetermined length,
the first end disposed for fluid communication with the liquid composition to be measured, the second
end attached to a manifold having at least one-gglegtable valve, the capillary together with the
manifold and the at least one.selectable valve define a chamber of predetermined volume, a regulated
pressure source initially applied to induce the s&tple fRtbAHehpiil&N] drjd generate a differential
pressure in the chamber, a|grgsurersaridor attatifed td-thel cRaimbeb for butputting differential
pressure to a computing devideasaeiesietond prebsuré.$ource Toupled to the at least one selectable
valve for evacuating the samgkafroemtin Tapillasand supplyihg the ogidizing gas to the reservoir.

8. The system of Claims 1-7Muatiwerrcamprising & meanssfor measuring the oxidation stability of the
liquid composition. 9. A method for screening a liquid composition, the method comprising: €))
providing a test cell having @teprportion and a ofom poftion e testgell comprising (i) a test panel
removably mounted to a topfanderdalethetiest celbat an.angle)af between 10 to 45 degrees to the
horizontal of the test cell; (ii) a reservoir for holding the lubricating oil composition; and (iii) a means for

applyin jquid ¢ ition from the reservoir to the test panel,
pply ?0%1192{’!9 Om%%%ztlon, the viscosity of each test oil veas measured during the oxidation

cycle. The viscosity variation was measured using the online viscosity measurement
apparatus and method as described in U.S. Patent Application Publication Nos.
2008/0127717 and 2008/0127718. The viscosity of each test oil was measured at 5 minute
intervals during the oxidation cycle of each test. A graph showing 2 representative time vs.
viscosity plot for test oils 1 and 2 of Table 1 are shown in Figure 8.

[00124] While the above description contains many specifics, these specifics should
not be construed as limitations of the invention, but merely as exemplifications of preferred
embodiments thereof. Those skilled in the art will envision many other embodiments within

the scope and spirit of the invention as defined by the claims appended hereto.
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(b) introducing the liquid composition into the reservoir of the test cell; (c) heating the test panel
according to a first temperature controlled program; (d) heating the reservoir according to a
second temperature controlled program, wherein the test panel is heated to a temperature greater
than the temperature of the reservoir; (e) introducing an oxidizing gas to the test cell; (0]
applying a substantially uniform coating of the liquid composition from the reservoir to at least a portion

of the test Eanel; and (gt measuring the oxidation stability of the liquid composition. 10. The
method o 1 liquid composition is a lubricating oil composition or a fuel composition.
11. The method of Claims 9 or 10, wherein the oxidizing gas is introduced to the test cell at a constant
flow rate through! thé TESFEEAPr screeRip erhlisHg FRIBPGF ERRmRCYPIE NV HIRBHYAE test panel is heated to
a temperature ranging from 280C to 320C and the rese%oir is heated to a temgerature ranging from

160C to 180C. 13. THié MEthtsd SPYENEM L8 RFRRaPdiA PREIYRATES SusifthF ! sppRstine T

a test panel removably mounted to the top portion of the test cell at an angle of between 10 to
45 degrees to the horizontal of the test cell; (ii) a reservoir for holding the liquid composition;
and (iif) a means for applying a substantially uniform coating of the liquid compesition from
the reservoir to at least a portion of the test panel;

(b) a means for heating the test panel according to a first temperature control
program;

(¢) a means for heating the reservoir according to a second temperature control
program; and

(d) a means for supplying an oxidizing gas to the test cell.

2. The system of Claim 1, wherein the liquid composition is a lubricating oil

composition or a fuel composition.

3. The system of Claims 1 or 2, wherein the means for applying the liquid
composition comprises an axle having brushes thereon and a motor operatively connected

thereto,

4. The system of Claims 1-3, wherein the means for heating the test panel comprises a
temperature-controller with an on/off algorithm for maintaining the temperature, and a

thermocouple sensor.
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intermittently to the test panel. H. The method of Claims 9-13, wherein the step of measuring the
oxidation stability of the liquid composition comprises measuring the viscosity of the liquid composition.
15. The method of Claims 9-14, further comprising the step of determining the detergency of the liquid
composition.

5. The system of Claims 1-4, wherein the means for heating the reservoir comprises a

temperature-controller with an on/off algorithm for maintaining the temperature, and a

thermocouple sensor.

6. The system of Claims 1-5, wherein the means for supplying the oxidizing gas
comprises an oxidizing gas supply capable of maintaining constant flow, and a flow meter for

measuring the flow rate of the oxidizing gas.

7. The system of Claims 1-6, wherein the means for supplying the oxidizing gas
comprises an apparatus for determining a rheological property of the liquid composition, the
apparatus comprising a capillary having a first end .ﬁnd a second end with a substantially
uniform diameter over a predetermined length, the first end disposed for fluid communication
with the liquid composition to be measured, the second end attached to a manifold having at
least one selectable valve, the capillary together with the manifold and the at least one
selectabie vaive define a chamber of predetermined volume, a regulated pressure source
initially applied to induce the sample into the capillary and generate a differential pressure in
the chamber, a pressure sensor attached to the chamber for outputting differential pressure to
a computing device, and a second pressure source coupled to the at least one selectable valve

for evacuating the sample from the capillary and supplying the oxidizing gas to the reservoir.

8. The system of Claims 1-7, further comprising a means for measuring the oxidation

stability of the liguid composition.

9. A method for screening a liquid composition, the method comprising:
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(a) providing a test cell having a top portion and a bottom portion, the test cell
comprising (i) a test panel removably mounted to a top portion of the test cell at an angle of
between 10 to 45 degrees to the horizontal of the test cell; (ii) a reservoir for holding the
lubricating oil composition; and (iii} a means for applying the liquid composition from the
reservoir to the test panel;

(b) introducing the liquid composition into the reservoir of the test cell;

(c) heating the test panel according to a first temperature controlled program;

(d) heating the reservoir according to a second temperature controlled program,
wherein the test panel is heated to a temperature greater than the temperature of the reservoir;

(e) introducing an oxidizing gas to the test cell;

(f) applying a substantially uniform coating of the liquid composition from the
reservoir to at least a portion of the test panel; and

(g) measuring the oxidation stability of the liquid composition.

10. The method of Claim 9, wherein the liquid composition is a lubricating oil

composition or a fuel composition.

11. The method of Claims 9 or 10, wherein the oxidizing gas is introduced to the tést

cell at a constant flow rate through the test cell.

12. The method of Claims 9-11, wherein the test panei is heated to a temperature
ranging from 280°C to 320°C and the reservoir is heated to a temperature ranging from 160°C

to 180°C.

13. The method of Claims 9-12, wherein the liquid composition is applied
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intermittently to the test panel,

14, The method of Claims 9-13, wherein the step of measuring the oxidation stability

of the liquid composition comprises measuring the viscosity of the liquid composition.

15. The method of Claims 9-14, further comprising the step of determining the

detergency of the liquid composition.
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