* SYSTEM AND METHOD FOR SCREENI NG LI QUI D COVPCSI Tl ONS
BACKGROUND OF THE | NVENTION 1. Technical Field [0001]
The present invention generally relates to a system
and nmethod for screening liquid conpositions such as
fuels and lubricating oil conpositions. 2.
DeserENtAND METHRE RORa$GREBNINGAAQRIDICOMPQSIITIONE!
to the success of many conpani es that products can be
efficiently sanpled and screened. For exanple, in

BACKGRIOgN¢BS®F PHEANWDNTRSI ng oi | conposition, the

[ubricating oil's may be subjected to a demandi ng

1. Tédngaﬂqﬁa@nent during use in an internal ' conbustion
The environment results in the oil suffering

OXi i.ch is catal t he pr nce. of
[0001] i npuffﬁwrf‘és'é ftetion @l Felele adysPrnd st for sercening
ron conmpounds, and is also pronoted by the el evated
liquid cof@ﬁ‘ﬂélP%ft ek as Bleleriddubaenting oillsemppsitigns: i ng use. The
catal yzed oxidation of the oil not only contributes
2. Descrigtiontoé tiedRefeied dat of corrosi ve oxi dation products and
sludge in the oil but can al so cause the viscosity of

[0002] the @ik chificd] iE HRARRCERE 0EWRRAY SOMbSHiEYthal HOARts bk be efficiently
addi tion, deposits can adversely affect the operation

sampled %dt:!%?eeﬁ&g' Neor EUmpl&X AR gasge(ﬂoé'lﬁﬁﬂ ?H%fcﬁf %&Boglpgn the

areas of an engi ne contacte | ubrica
t.enper at ur e

. 0 ti-0ns. its,that forn1 n

hubricatirGPGRE Tt B Sy StRE W S frdigines Srgmegh B}na%g Hfrithdn iniernal
such .as ? ston and cylinder scuffing, leading to

CombuSﬁBF 6BFBfs Q%@WI@@H@H@WSH%@HB%@% é‘@’r@gﬁéil@ﬂ%%mﬁsls cpiglyzed
extrene cases, such deposits can result in, e.qg.,

by the prgsgnge of irhpueity gpecammnrnhﬁ @ilstucke kb,nfgy examagple nlgon compounds, and is
possi bl e catastrophi c danage of the engi ne. Deposits

also promated byvhetebrvardatmipeani@aspefieriche be g Fibdsdiighus ThRatalyzed
cranckcase typically take the form of sludge Sl udge

oxidation§ GTtAB bl @Bt 689 cHREBER:s ih eheCRRhAfG: & cfoh%kl%l %chﬁfloﬁ"gmducts and
eng| ne, and 1 n severe cases can [ ere e the oper t1on

: sludge in ‘ﬂltle &PEH%%E %1%9 Qﬁl]ése%ee 91% ; tydf fﬂ}%e(lﬁ 1!0%&5%88 %%fiengo H:y

ene ionh o
T al reas |nclude C rbu e ports, the throttle
[0003] bgg tdﬁp?%‘g cagnﬁﬁfﬁg;efy af?ect the operattion of the engine. For

example, deposits can form on the areas of an engine contacted by Ilubricating 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
temperatuie areasrof- the engine guch as the cranckcase typically take the form of sludge.
Sludge formation can reduce the cooling efﬁciency of an engine, and in severe cases can
impede the operation of pumps.

[0004] Al;eas of a fuel intake systém can also be burdened by the formation of

deposits. Typical areas include carburetor ports, the throttle body and venturies, engine
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1 intake valves, etc. For exanple, deposits on the
carburetor throttle body and venturies increase the
fuel to air ratio of the gas mxture to the
conmbusti on chanber thereby increasing the anmount of
unbur ned hydrocarbon and carbon nonoxi de di schar ged
intake vfahom tthe Ebaekenple, deposhi gh thuelartairetor aliroaleab&dy and venturies
reduces the gas m | eage obtai nable fromthe vehicle.
increase[tBOAR] taMie FatideiTasé b Mkt 8o BRUABUSISPHRMIR URFtYGhereasing
sufficiently heavy, they can restrict the gas
! [ . [
the amoTh ot hEA R BoGrbIFpaP BRSH 1 hoRNE RS rel By g charmber
..results in.a lgss of power. Deposi on the val ves
The bigtl {RKair Bty relides B Bidbnsnee § Dimable G i1 velifede due
_. to burning and i nproper valve seating. In addition
[0005} { hes e""h%lba%q%tg oRgiic [spgiar ipeke yatyer geepulfipigntly heavy, they can
_conbustion chanber possibly resulting in mechanica
restrict thiagasgaixtwre tllosv ipksthe mpmpirgtoarchanbes , Tengisttibe atrves tig: engine
[ 0006] The formation of these deposits can be
of air andfiidbizhédeatisviel 4 1@s dregmed D¥posith Gar Reralved hifNincrease the
active detergent into, for exanple, the fuel. These -

robabil %) SR i ing | t
P P s G Do AR B, 1§ 808on, these
. ' f or mance and, |l ongevity. [00 Lupricating .
deposics S B BRI IBAGe S oG Holober, bviblt eestifingghimeidanical
d fgﬁl and fuel _additive suppliers are therefore
amage O/ PISIOR BSBIES rAvgYersde&ich to di scover new
materials that are inproved in these aspects. In
[0006] addi thibe nformafeane ofirthess edeppsils ABITIE dnbiibited Sequelh@e removed by
- tests which nust be run to achieve passing results
incorporatmgoardestivie cdetapdrit fiytor fndixdaipte, engifing. ITHaEd &Bteents function to
fornul ati ons and fuel formulations that neet API
cleanse (HORBIdepadit-PRIE OhREMIrNE] hikhiy Qi%goéi‘@s,s%rewd eAnB%rrchr\l}galengine

(I nternational Lubricant Standardization a

formaZRId hESvist andards. However, these tests are very
peronnexpengivg%% d time consum ng. [0008] As a result,

benc est. nmetho an be used .t.o assess the
00071 Do phibind Gr S bR 5 R Ve TP b fiagh and
.uel conpagsition prior to it being recomended to

... or . >
additive sppliers @i thetefars epnstanilyqeafopaingrieseash toglischesralenr matgrials that

_crucial conponent of new product
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 lubricant
formulations and fuel formulations that meet API (American Petroleum Institute) and ILSAC
(Interﬁational Lubricant Standardization and Approval Committee) standards. However,
these tests are very expensive and time consuming,.

[06008] As a result, bench test methods can be used to assess the pérformance of any
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,
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devel opnment, quality control, i.e., fitness for use,
and product inprovenent. For exanple, 2 these bench
tests are also a useful marketing tool in trying to
convince a potential user to enploy an existing
| ubricating oil conposition or an existing user to

these beppipltasts @n alsvpr osafol mhdketing addlng tniihg coo@OENde 0 poteriid user to
serve to denonstrate to a custonmer that a particul ar

employ bblRkistag hitgiceiing 61 NREHPoitON oManl xRkl ef éﬁ?fo‘yvﬁﬂ M¥aproved
in their specific process. Therefore, it

lubncatﬂi{? il BhhFodiforP! a? Sefved AP 9@1315&%1:@ epGh cﬁs z?{)) o1 HAL C}gzP'tlcular

nmul ate” t he oxi i on and er gency
i on.or fue

iy D R et Ve{Yo@o@ilrdRsmﬁg fbpegtefeore, it
(f val uat es_ t he oxi datjon_and detergen%Y tendency
would be eélréﬁ%k‘uﬁ—‘r Proxyideng lahoratpry beneh igsiibat eapkenulagehe, oxidation and
e.g., Federal Test Method Standard 791B-3462. In the
deteroenp]an:@rfoumq:@ﬁ afes hewapbrioxtingabd| qoni®Bitignodr Hiel composﬂmn under
preheated in a sunp and then intermttently
operatinpeajdeddrged by neans of a rotating oil stirrer onto an
alum numtest plate heated at a high tenperature for

[0009] 2 PegRUpQkh 48t hBM Svaidiis AOURHaR Qﬁcp‘a%ﬂehgeﬂ% tdfRiency of a

alun1nun1plate IS melghed at the end of t

.- Q n f.or
s 05 RS RGP Tk RSl v 1
e panc OB t@@;@%@vﬁﬁ wgg}ir;,ggw TR R T—

one enbodi nent of the present |nvent|on a system for
projecteds by segann@T# 1atairiedoit GHpes prioom ARnpreY; eecplateHwated at a high
system conprising: (a) a test cell having a top
temperatper for enpand af B8thHomm. pdihti amourtt e depstit oelthe aluminum plate is
conprising (i) a test panel renovably nounted to the

weighed kOffe BAE bf @B 48fholiRe test cell at an angle of between
about 10 to about 45 degrees to the horizontal of

[0016] It he E‘Xgé&dﬁl f éhet% is)a ﬁeeﬁgﬁl(elgﬁ/ &gqgro_(f&f :g)rgll%lnférﬂgm&ﬂﬁd for scgleenmg

aui g * ting. of the |iquid
thdCO%%ﬂ%%§$%$% a¥@%ﬁ$¢ﬁ%ﬂigégwggﬂ}?§o as Iggg{ a portion
sumMmA®y B TR ON

[6011] In accordance with one embodiment of the present invention, a system for
screening a liquid composition is provided, the system comprising:

(a) a test éell 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 liquid
composition; and (iii) a means for applying a substantially uniform coating of fhe Itquid
composition from the reservoir to at least a portio.n of the test panel;

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

(WS]



(b) a nmeans for heating the test panel according to a
first tenperature control program 3 (c) a neans for
heating the reservoir according to a second
tenperature control program and (d) a nmeans for
supplying an oxidizing gas to the test cell. [0012]
(Eh aamearsdfom cleeating htha reseearnd aesvbdidi nend sedontihenpeesastcontrol
invention, a nmethod for screening a liquid
program€@iosi tion i s provided, the method conprising: (a)
' providing a test cell having a top portion and a
' . ggy I rising (i) a test
(Eﬁ%&@ﬁ}%ﬁ%%ﬁ%@né@g ﬁ%le %&Jas t? E[)l?c:)eonporC I?'on of the test
cell ;at an.angl e of between about to about 45
00121 G2 or i aofBafRE FiF b soiivd) SorodiRgrt ofdfe BBpEm suiog, @ method
reservoir for  holding the lubricating oil ‘
for screcpmgsdiquid epmpesiidory siprgvidedvihernethed compprisingig t he
| iquid conposition fromthe reservoir to the test
(paprevidifihp tesit edtibeving a g portioh indoanpostdmni pertibmt tre test cell
the reservoir of the test cell; (c) heating the test
comprisipgi¢la tag paneli rogobabif niduhsdd beNBe kNGRS tdsPLIES an angle of
program (d) heating the reservoir according to a

between S86@NEH IEIRRH th“&e%r%é@ N5 ARL LG INB YFAR tesMREL i atalﬁgervoir for

test panel Is heated to a tenperature greatér th
. re of..the reservoir: . (e).introduci an ..

hoiding SERAEIREL 83 86 BpSii il ThGaRbdnp o i B Titd Sondosiion

substantially uniformcoating of the liquid
ﬁon”hegﬁﬁﬁﬁgﬂPﬁﬁﬁm%ﬂﬁﬁ?¥he reservoir to at |east a portion

of the test Fanel; and (g) neasuring the oxidation

(timtrducing the Ligkie dopypasitior orp dhsi tepavoir pOIGE Hst Tk

system and net hod of the present invention

(deatintgabe asspanchhdcovdih@to afirss tdﬂ@e@a@t&%hﬁ@lm}sm;
way to determ ne the properties of a liquid

(D ORREARS [the NtesiHedhr 3R cor@itlod RS hVRcah@Rihpdrimrd %Bﬁfr&%ﬁg%!rogram,

and viscosity. In addition, the system and netho

wbersin s, PUBF NSNS ) A o o

S B L B g 51, Lo, consumton o

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

(g) measuring the oxidation stability of the liquid composition.
[0013] The system and method of the present invention advantageously allow for a
simple and inexpensive way to determine the properties of a liquid composition such as
 oxidative stability, detergeﬁcy and viscosity. In addition, the system 'and method of the
present invention allow (1) the use of a relatively small sample of a liquid composition, such
as a few milliliters; (2) little to no consumption of the liquid composition; (3) a relatively

short testing period; and (4) improved precision of test results. If desired, the method can be

performed in a semi-automated manner and without highly skilled personnel. In addition, the
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short testing period; and (4) inproved precision of

test results. If desired, the nethod can be

performed in a sem -autonmated manner and wi t hout

hi ghly skilled personnel. In addition, the 4 system

and net hod described herein are capable of providing
system zndvereihatli discrifeds bereinasret @ptible peT aoeilaresa vakibibov 0§ several test

closer replication of real-world conditions such as

parameté@,ealfoddng cioler RpHeationdsit REPRLHE BAGHBES sudhUist 418 Foudd By, e.g.,
system and net hod descri bed herein can be confi gured

: [ - C
automot B Sl dror ot S R RS Sor b Y AT ed such
.may_ be neasured. during the operation of the test.
that on!iffgedSysHRRRY ¥ ik e s REeT D URrYigasty of the test
embodi nents are described below wth reference to the
sample TRy Hepsursdirisg ibe orzmatem gfiteg test | s a schemati c
di agram of a side view of one enbodi nent of a system
according to the present invention; [0016] FIG 2 is
a schematic diagram of a rear view of one enbodi nent
BRIEF DHSGRIISOBNDF JENODRIAWINASt he present invention
[0017] FIG 3 i1s a schematic diagramof a side view
[0014] ©Of ONGBADRHILIRMe 2Rt BYRHBH bRRGOSHNNEL NI R the drawings
present invention. [0018] FIG 4 is a schematic
di agram of a side view of one enbodi nent of a means
for applying a substantially uniformcoating of a
l'iquid,c osi.tion to at | east a portion of the test
pane:F.PG'[ gg@fd@%ﬂc sigezang of adraYiPw ofjoRg eahog e of 2 system
. exenplary alternate pressure visconmeter device.
according gytho preseits ingenitiona partial expl oded view of a
capillary conprising a syringe. [0021] FIG 7 is a
[0016] crosEIGetis omdiematiewigfara of apkhd dew ofichl embodinnat bO& .system
[0022] FIG 8 is a graph showing the tinme vs.

according toSthe plds¥ntRh@ingiohor G ls | and 2.

wherein;

{0015]

[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 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.

[0019] FIG. 51s a Schematic diagram of an exemplary alternate pressure viscometer
device. -

[00201 FIG. 6 is a partial exploded view of a capillary comprising a syringe.

[0021] FIG. 7 1s a cross sectional view of a capillary with a connecior.

[0022] FIG. 8 is a graph showing the time vs. viscosity plots for Oils 1 and 2.



5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0023] The present invention is directed to a system
and method for screening a liquid conposition. The
l'i quid conposition to be screened may be any
substance that is liquid at the operating
DETAI3npeiSARIPEION QM EHEFRERKRREDEHMBOGEMENIS f i ci ent |l y
| ow enough viscosity to allowthe liquid fromthe
[0023] T eserfRipieskak iRPerRPRl Sleci&l @ aSHyBShARUiBdthyd foRisér@Edhe a liquid
coating on at |least a portion of the surface of the
1.9t . t.atd v i i TN
S A R S S S R A
fuel such a asol i ne or djesel fuel: ueous ) .
the opergif2, PR Eiore 8 SERAT S ot SHEFay IR GRgtedhgscosiy to
the like. The preferred |liquid conposition is a .
allow the [igyid dkom Hhg reervaabipdessinpligsh as asubsiantially ppiderm ¢paiing on at least
art would readily understand, lubricating oi
a portiorg ofrpsssuriaon of tantestepnet Repoiséronveagrampdast ofdiquivk apmpositions
and corrosion when used as a film between solid
include 1abifidatiag ©ilredwipdgitioas, dhely,eutl a0 peoli®bhdiesc]l Euddr dgRadisn@lutions;
oi | conpositions include engine oils, such as

and poljlfrb{a% laf@Pofynks ediddnk NRdChANKEaSERe BferGRYY H‘ﬁﬁ% Sc%ﬁﬂ)osition is a

unctional” fluids such as transm ssion flul
I ic.fluids, gear,0ils, and t | ike. -

tubrica 8 FAapSofib A RSB dptne A GlIF i angorsipng obricaiing

. 0024] Cenerally, the lubricating oil copposjtion

oil compoRRoTtEan Hr0uFe SL¢HiC 28R ICOBRON HBR Ak $HEpSIop; Whgs pasg, as a film
also referred to as a base oil. The expression "base

between gplid subicosodvingrielafive kadie gwthaindebseaing dilcomnesitipns include
base stock or blend of base stocks which is a

engine olly)Budicantbiaamoned in theatankcssep vdchpies, imd fanstiongl Buids such as
manuf acturer to the sane specifications (independent

transmis@bn TRRE, BEUEER: NAIdsBEH ARt Uh@iheS1ik C /ubRingt iPEompositions
neets the same manufacturer's speci fication; "and t hat

also ineld Ldentified by a unique-formula, product
Sonmlkgé%f%%?cation nunber, or both. The base oil for use

oo2er 2 S U BB T e Rt s P Bang
formul atin Iubricatlngggil conpositions_for any and

viscositygplpo gefeHedFhRs & 3R R4 exXpressfiondass pé as pegd; hrgein shall be

é;linder oils, functional fluids such as hydraulic
understoqy] fosmeggeabaseistgk drrbdershefdsise stotkauwhbish is @iubricant component that
Addi tionally, the base oils for use herein can

is producetbiyGnahgly neitRinteVioSike Shing shedations (independent of feed source
or manufacturer's location); that meets the same manufacturer's specification; and that is
identified by a unique formula, product identification number, or both. The base oil for use
herein can be any presently known or later-discovered base oil of lubricating viscosity used in
formulating lubricating oil compositions for any and all such applications, e.g., engine 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



6 inprovers, e.g., polyneric al kyhnethacryl at es;

ol efinic copolyners, e.g., an ethylene- propyl ene

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

i ke and m xtures thereof. [00251 As one skilled in

the art would readily appreciate, the viscosity of
improvetshee.pasgplpntric | dAkympthadeidtesy polefihice capyheat ieqn,. an ethylene-

Accordingly, the viscosity of a base oil for use

ropyleRQo8bIymét bt a s Hatddiehe BRAGmEF; QY aRMMe ahdndixARQUhereof,
PropY 2008 centis?g es (cSt) gf %%gn%bntigradg (0. ereo

Gener e TRV Ll : . AS.: i .
o025 el L B G ARy s o
. f ,about, 2 ¢St to gbout..30 cSt,. preferably apout 3. .
s depenfigy AB3H s P iaioB e SuiT HR R VISP 8P GBIBRE U begein will
. .to about 12 cSt _and will_ be selected or blended
ordinarily cr3aac i hovthe togakaut &P08neentisiekemn rSthat 480 Gentigrade (C).
in the finished oil to give the desired grade of
Generallgnigidvedually the asg ojls asdduasreingieiony voll havomkmsinhiioniscosity range
havi ng an SAE Viscosity Grade of OW OW 20, OwW 30,
at 100°CQOW¥ dut QW2 Qo 260G cSWHrBMARE, aboMY 3QSt BVKElt 18W0and most
5W60, 10W IOwm20, |OW¥ 30, 1OWNM40, 10W50, 15W

preferabl?y’f’é!yo%p 4 &RV 3001 112 404 vl e 869 PS g%tﬂﬁ%cg H%@ggi?l% on the

have viscosities ranging fromabout 2 c

. C t C.. :.0026) . Base..st ocks .b . .
desired g ARe 5% (L akdies RS BhisBRE S0 G LT ARG redesgbgpeine oil
Lncluding, but not limted, to, distil]ation, solvent
g, a 1@8?@%%1@? CATRPSHh hpyiag é@sﬁf}% Visqosity Sy 9l Pold W-20, OW-30,
esterification, and rerefining. Rerefined stock shal
OW-40, QW-54 0V 60t DM, 15V 202 W -B9.oTWVREL, SW-A0s STh60,ddie.etDW-20, 10W-

t hrough manufacturing, contam nation, or previous
30, 10Wuke 10Whe0,bBESE, 16W-2@f1 SIS0l arbrIW a0l nQiloided as gear oils can have
conpositions of this invention nmay be any natural or

Viscositi@)fﬁﬁ%:llﬁ% from dpebf 2 68t bRBoRaB\ORKL at 19@Ptabl e hydrocarbon
- synthetic oils include, but are not limted to, oils

_ prep r ' [ f hy) eneor frao
0026) 1 SPREEE SLELTHRE (UL GRS 8501 S} 08t Hboeses
. ._such as pql yal phaol ef m.or PAO oils, or. fram .
including,, Bt Bt St Res st ok e abe” eithige c dpepeen processing
. nonoxi de and _hydrogen gases such as in a
oligomerzatiam esieriispiieth ming. Fdferefiangapiteck shablubg awistantially free
base oil is one that comprises little, if any, heavy
from materials tintoortuced ghrough mttdacturifig,amptantindi®dnobt pleviaas nen Bhe base
viscosity 20 cSt or higher at 100C
oil of the lubricating oil compositions of this invention may be any patural or synthetic

lubricating base oil. Suitable hydrocarbog synthetic oils inchude, but are not limited to, oils
prepared from the polymerization of ethylene or from the polymerization of 1-olefins to
provide polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis
procedures using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process.
For example, a suitable base o0il 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.



7 [0027] The base oil may be derived from natura

| ubricating oils, synthetic lubricating oils or

m xtures thereof. Suitable base oil includes base

stocks obtai ned by isonerization of synthetic wax

and sl ack wax, as well as hydrocracked base stocks

- [0027] pr odUte daspyoihyey be dadkid@om maairdidubridaaing ik, seithetic ubricating
extracting) the aromati c and pol ar conponents of the

oils or nfiktdfl8 thbbtt @hﬁbi&%‘é@ oﬂ'ﬂl@md{é@@aé’@ﬁo&mmhéﬂ B soﬁP Vization of

categories |, , 'V and V as defined in API
ST NI R A -

base Oi i ncl ude all her base oils not )
(rather ﬂ?‘%ﬁ’c?ﬂﬁ‘éﬁ‘é‘& sl fhd SSAE B ol (gIOARRAGU R Crilgy Suitable
,. II'l and |V base oils are preferred for use in o
base oilsyipglyds thognin alhAP| Peisgorion &f Br HbdViadey 6 Hefinany A7 Publication
prepared by conbining one or nore of Goup I, 11,
1509, 14th EditioN Adinitith dsPes t108& s Gosuphdskase oilk are jldg2@iaclefins (PAO).
Useful natural oils include mneral lubricating oils

Group VHa6hoidsSinclugé aB%ehEp bese dilstdt ehelRRE R IGRMP DIll, 311, or IV. Although
solvent-treated or acid-treated m neral Iubrlcatlng

Group IIOIIi cPfV bhe cﬁﬁ[@%}éﬁe@éﬂ:‘e‘d fopﬁ&hﬁﬂﬁﬂ Lgvé?ﬁ;lo ?sg: Opreferre base oils

par a f|n|c napht heni c types eri vel m'coa

|nal i | tab
may be 1B R 0P FeotPiniiE o osnege 1§ SEREP Labd Ty o S hespispocis o bese
) i ke. [0029] Usef ul synthetlc Iubrlcatlng oils
oils.  jnclude, but are not linmited to, hydrocarbon oils
and hal o-substituted hydrocarbon oils such as
[0028] pol yMselukratuzhdils inckdp ohipersl iubddatuigafilsrsssh ag for. example, liquid
pol ybut yl enes, pol ypropyl enes, propyl ene-i sobutyl ene
petroleurt 0Bl woOBRES:-treddd ot NRidEdeatgd nylbetay lleeSiting oils of the paraffinic,
pol y(I-hexenes), poly(l-octenes), poly(l-decenes),

naphthen®Nék thikd gbﬁ?ﬁﬁ%a PhiSEHE Bfes IR RBved ALKYLRAEHZERRS animal oils,

such as odecylbenzenes t et radecyl benzenes,

Vegetablc-'{j-(!n[}o(g ?}3&%% QAS&% oﬂ@aﬂ%i;ﬂ% )ém, )a.ng’ zanes, and the

such as erphenyls

o029 G E%L’aﬁp @ffﬁ%ﬁ%p Rieiiey tl@@uﬁ?ﬁé%@ Pt o. dgrocarbon

the derivative, anal ogs and honol ogs thereof and the
oils and Jglocgubstiuabhydopeashon @i wich gy molyaarized abt interpplvgqenizedsolefins,
include, but are not limted to, oils nade by
e.g., pohd:luy}dmeis,zi nolyptoplyienss, of prbpdend-abutflenar wopolatmens shbiinated
as et hyl ene, propyl ene, butyl enes,
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes), and the like and mixtures
- thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
ethylhexyl)-benzenes, and the like; polyphenyls such as biphenyls, terphenyls, alkylated
polyphenyls, and the like; alkylated diphenyl ethers and alkylated diphenyl sulfides and the
derivative, analogs and homologs thereof and the like.

[0030] Other useful synthetic lubricating oils include, but are not limited to, oils made

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



8 isobutene, pentene, and m xtures thereof. Mthods
of preparing such polyner oils are well known to
those skilled in the art. [0031] Additional useful
synt heti ¢ hydrocarbon oils include liquid polyners of
al pha ol efins having the proper viscosity.
isobutenEsymeina) dnd mbeafds tharadh etictholly df pepaton swhl folane dileare well
hydrogenated Iiquid oligoners of C6 to Cl2 al pha

known 1Ok B§II&UGhhast for exanple, 1-decene trimer
[0032] Another class of useful synthetic |ubricating

[0031] o' l S Ad?i‘ftkdﬁ%use%ﬁhsgﬂﬁl%up (ﬁke oc@o&? ?113 iR uc%l k%lllc? g??la%)éil'sdoef alpha

yners
d t t f th
olefins I'G.Per'%{g\é Ir{\égéerbgg?rp%ﬁ% di I\F(\Q)gég]&, u%cF r m al E}¥ gga)élgon oils are the

esterification or etherification. These oils are :
hydrogenaiedhinyif| eligopiers BE Goi fosCprBphar elgfinhspelyks, for example, 1-decene
pol yneri zation of ethylene oxide or propylene oxide,
trimer. the al kyl and phenyl ethers of these pol yoxyal kyl ene
polyners (e.g., nethyl poly propylene glycol ether
[0032] havi Agother ames 30 @sdrol SEidlelc WBiGhg Qfis ﬂd@@& but are not limited
di phenyl ether of polyethyl ene glycol having a
l.a ht; 0 I - O
to, alkylgi'i’é Bkide Wﬁ'eﬂ; yCOPéﬁg%(}lﬁmglg %tflggl ! fel E?xrwa?zﬁres thereof

pol yprop ene ¢l ar ‘wel g
ycarb XYyl i

where th%’tooo t A 50? %B%IF‘F %as l?egp nég(cgﬁ,ﬁcp gy,p? | eexalalg gstenﬁcatmn or

ter n1xe - fatt acid esters, or the C13
ctherificqfigp. 4Rjege daﬂés':’trfé @X@lfnp{lﬁ?@ &étth%;/ e R @regabihroyahopdymesization of
anot her class of useful synthetic lubricating oils
ethylene jopridleuete propytenaraidetthe laikyl taed rhonylt ¢there sifethsseopolyoxyalkylene
di carboxylic acids e.g., phthalic acid, succinic

polymersa@igl, madhky bolsusiobyleie gBebstheBhds@iy hn SWEALA nfol@%l £ Sveight of
mal ei ¢ acid, azelaic acid, suberic acid, sebacic

1,000, dJ@Hérﬂrl eftﬂémfﬂ Soly@Ridne %@m ﬁaﬁﬁbda mrloteR@l a‘?'&elgﬁ & 590 to 1000,

i mer, malonic aclds, “al kyl mafonic acids

dlethyl e{ﬁ@% 811:]{)%15}81%%&@?16 ﬁ%i hﬁ %Q I%Pleé L el X}@%& 8@@ ‘E)%Q‘%%ghsglo etc.) or
Ihe alc hol , et hyl ene gI coI di et hyl ene
mono- f'ﬂ@ P}’E e BLEHER, DPPOpylb G Feanbicapt acetsaiers maxed C:-Cy
exanpl es of these esters include dibutyl adipate,
fatty acidgsters, et WgIGesya jeid Winster of tetipethylenegiycolf unar at e,
di octyl sebacate, diisooctyl azelate, diisodecyl
[0033] azel ‘éttean(dhﬂctly.hs phitsefubtsgnthetic lubricating oils include, but are not

limited to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic
acids, alkenyl suécinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric
acid, adipic acid, linoleic acid dimer, malonic acids, alkyl malbnic acids, alkenyl malonic
acids, etc., W1th a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecylr alcohol, 2-
ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.
Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-
hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,

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



di decyl phthal ate, dieicosyl sebacate, the

2-et hyl hexyl diester of linoleic acid diner, the 9

conpl ex ester formed by reacting one nole of sebacic

acid with two noles of tetraethylene glycol and two

nol es of 2-ethyl hexanoic acid and the |ike. [0034]
complexbstee rformisieuteaaing yid held 6f @bhdc atigovitt shé efdlesditte@idthylenc

not limted to, those nade from carboxylic acids

glycol aftbdicd@olel 012 2R exandiO 1SBAMYE HeAigar bon atoms with
al cohols, e.g., nethanol, ethanol, etc. polyols and

j0034] pOI y%ste?g Hs% a3 %&Fﬁ%lﬁ% (rc}ﬁé) Blgntu)fcrllltu%e¥§1{) zlﬁ? |nf)£) lmnted ¥0 Q[Lose made

aer

nt aer hnit I 0035] Silicon-based
from CM@?P?@ICS%# é@m& S A B 10 Fhpal kgHDON iy Pyh-sleohos. c.c.
al koxy- or polyaryloxy si | oxane 0|Is and
methano |5F @wbeclsi Ip9lydompe i pdyeinethers rsugk efs uheopbrisb ghfcol, trimethylol
synthetic lubricating oils. Specific exanpl es of
propane,tpepgerytingbly dpentaatytiaitel, penkdergthuid], tand tiedikeaet hyl
silicate, tetra-isopropyl silicate,
0035] tetr &il(cdnabed di@xylch &l Fdr&bRple, polyalkyl- I- -
| ] tetra-(4-nethyl - hexyI)S| |catg P ty yl’]-)()lyary » polyalkoxy- or

polyaryl(S}Sfr §1l’o§bﬁ‘iey loﬂ@ﬁé}%@ éﬁiclafec %h? P]]’lse another useful class of synthetic

pentoxy) oxane

Iubmaﬁ%n%ﬂsﬁ ) L1y SRRV I 218081 e
bricating 0|Is i nclude, but are not limted to,
tetfa‘“lsoﬂf?@d Hlicalg, dpa-64 'e%%ﬁﬁar%h@t% dRtraihmsthyadiend )silicatg, | tetra-(p-
tricresyl phosphate, trioctyl phosphate, diethyl
tert-butylpbensi )stfcage c ahexyblibspdthnd fil-pemeiyddisiédane, pgojyaretiey])siloxanes,
tetrahydrofurans and the |ike. [0036] The | ubricating

poly(metbyipheray)siexagey, i arddhé rike ustiefyenether LQiHINGGtIRM lubricating oils
rerefined oils, either natural, synthetlc or

include, H&t)@ré‘ hes hﬂﬁte&‘f@ RuidRERObf ﬂﬂ%}ﬁm 0 ?331 iffing! ﬁist ¥%e tricresyl

di scl osed hereinabove. Unrefi are-t

phosphat?,b{rﬁfcﬂ@ Sph }51%&%1 1eIhy?rQs r o%t %r al e @p?f‘[ﬂy?gt net @h &gct” glymeric

further urlflcatlon or treatnent Exanples of
tﬂuﬂ”dnﬂﬁFgF@ﬂ@gl&ﬁﬁs include, but are not limted to, a
shal e oil obtained dlrectly fromretorting
[0036] oper B¢ bibsicatingmast may erdesived Stormimreting, refotedyantl rerefined oils,
distillation or an ester oil obtained directly from
either nataralesyrghatici arambxamreproadaesser mashoDinywbi tesé of tihe typd sBgtiosed
w thout farther treatnment. Refined oils are simlar

hereinabdve. tih@eAREEIINGLR Bbbs oBUERPIILBRY HPAVE MRRA §ridyhiiRlic source
treated in one or nore

(e-g., coal, shale, or tar sands bitumen) without further purification or treatment. Examples of

unrefined oils include, but are not limited to, a shale oil obtained directly from retorting

operations, a petroleum oil obtained directly from distillation or an ester 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



purification steps to inprove one or nore properties.

These purification techniques are known to those of

skill in the art and include, for exanple, solvent

extractions, secondary 10 distillation, acid or base

extraction, filtration, percolation, hydrotreating,
distillatidewaciil N, bast cextraRgoref filtationi parcalatogblyairoweehtiny, dewaxing, ete.

treating used oils in processes simlar to those used

Rerefinel Qi Bhir@ bBtaink@ fiynesting uSed SUCTHh Fr8EREdsNEHil loShédeCusdl $8 obtain
known as reclalnmed or reprocessed oils and often are

refined AR i’;lilcfﬁrl‘g#éﬁﬁecﬂ) LRE g(ﬁffﬂﬁ?o %oxgvﬁ %g I?%C?'TH&%% g)('lg g%ﬁéc%%sédo oils and often

renova spent Ives a
products. [0037]. Lubricatin i.l base stocks derived )

are add RIS hErpE G L RERHUES POl GasoRy olarsst atYed ol
either alone or in conbination with the aforesaid

breakdowa pipdietsand/ or synthetic base stocks. Such wax
isonerate oil is produced by the hydroi sonmerization

[0037] of natubrieatingroibhasetadks devisxd foor thaihytiuiesnariretiendl wax may
over a hydroi sonerization catalyst. [0038] Natural

also be wad esthar slohy pt aatdmiybibligors vith khavafoesaidacouer AQ/RYsyhihetic base
sol vent dewaxing of mneral oils; synthetic waxes

tocks. Such WhPisERblak diDR pEdudRl B UREHydisbiEri s 3 i
SOes Tropschsprocesé} [[0039] Ig ongwg%%%%?%%%éﬁ%ghmnﬁﬂOrswﬁMﬁw
' i ' Qmpasi.tion..includes (a) an oil of

waxes oy LS Bl RARIRBLEAMT SRS .07 one
| ubricating oil additjve. In this enbodi nent, the oi
[0038] @ag’faﬁ-as VTS cBIcally et Sagke avags geeaserd by thee solvent
~ . lubricating oil conposition in a major anount, e.g., :
dewaxing ofgigerab ot ryndtip awxesiare Bipidaliprthe atakrryodicsd dyi thy, Fischer-
e.g., an anmount of greater than 50 wt. % preferably

Tropsch groeedser t han about 70 wt. % nore preferably from
about 80 to about 99.5 w. % and nost preferably

[0039] frontakadtcfdife@bUiuRathe olf cHRSRHAN iddhiel WhRlan oil of

wei ght of the conposition, and the at | east one

1ubricaﬁx{§ln%§%éﬁ)t%ﬁ§r;'1aﬁlg @ étl bR ¥bricBidd G198 r%tgi{zé;. 1 iU Hhodiment. the oil

east one ca [ ve can
o e RO R L R LB g AT P % o
| ubricating oil _additives for use herein include,
amount, g gy, agpgohanotRfihage £8, ofdnbiiesking a¥fcasityasig .-anempount of greater
than 50 \?rtg e"}:,t ;feferably greater than about 70 wt. %, more preferably from about 80 to
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 lreast 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 lubricating oil compositions. The lubricating oil
additives for use herein include, but are not limited to, antioxidants, anti-wear agents,
detergents such as metal detergents, rust inhibitors, dehazing agents, demulsifying agents,

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

solvents, package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme
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detergents such as netal detergents, rust inhibitors,
dehazi ng agents, denul sifying agents, netal
deactivating agents, friction nodifiers, pour point
depressants, antifoam ng agents, co- solvents,
package conpatibilisers, corrosion-inhibitors,

pressure agehsanddilepbkes and spixtyes theexdfr eGreassklwill esmireethe addition of
agents and the like and m xtures thereof. G eases

appropriwfe! thickefii.r & Vhgetaddithé aadieifes aRPERRM AldecdiinckeNgr Available.
A variety of the additives are known. and

These a(fcf?ﬁ‘\"fgasr 6t e ryan%@bgéag(lyrg Qe% k%dghe}gby&isfotr phe I)gﬁbxratlon of the

anal ogous conpoﬁn
varlous Iubrlcatlng oi

rat i.on of

various I8GEERLE ol SRetRsb RerR0A0] Al'ter nat i vel v t he
lubricating oil additive(s) can further contain

[0040] i | ehlfermstiivelve thorlibrisasing ailcadditive(ss 67t mbrrgaataineient oil to
concentrates usually include at |east from about 90

form an pdditivesonscawat Thesamoncesteates wuelle immbidg af lant Gboutbo8090 wt.
w. %to about 50 wt. % of a diluent oil and from

% to abaalp @ 0twtl O wid pr¥ficrabla i@t a9 W0. wi%8s o soaf sbky. Fof 6M diluent oil
about 10 wt. % to about 50 wt. % of the foregoing

and fromP&tsHut 1Y &kSYs to%ﬂ)'oﬁf"m %t A fgr§bl§f Pont E't%u? 90 Qﬁn%r ﬁta%%ut 50 wt.

i nclude any inert dil uen preferably an ol

o o LA TSSO BB 2 s

trat be.readily m xed with |upricati .
diluent, }prg:ga %albpg ﬁgﬁéﬂcp@ﬂﬁ. YI8SASTtH §Uel $ss ggrﬁgg@p b BHase oi lg as described
Suitable |ubricating oils that may be used as
hereinabeyye, gertha thasomeniialg may be gpadilybmivedtwitly lwhinsatoed oijs to prepare
[0041] Cenerally the lubricating oil conpositions of
lubricatirighe] prrepesifonsnSaiablo mibwichling eitd thatemayabe hs2d st ddikents can be any
anti oxi dant. Antioxidants can reduce the tendency of

oil of lubfRA@id Aksoslt@ deteriorate upon exposure to oxygen and
heat. Exanpl es of antioxidants include, but are not

[0041] lim Hertaﬁ thehh??%ﬁﬁ%oﬂrb%gﬁohﬁoﬂp&f Bé( b%@&ft?nventzon will include

secon ary ar oma t1 oxI dan

- at least (%ﬁ; EE]SJ Igfd@gt ntéﬁl? Fr?}ta Cgﬂﬁ?%&ég‘%ﬁ?@“%e }rnél’(t:e% sotlil)n etériorate

sul fides, disulfides and polysulfides and the |ike.
upon expppge Ap PKYSENFRAthsat Frangiles efaantioyidgats paeludan but grg nphEimited to,

| ubricating oil conpositions of the present invention
hindered gherolisomtiontdaatsi ssvondaryiangméticoamirabotitx@anits} mifubiaed phenolic

wei ght percent.
antioxidants, oil-soluble copper compounds, phosphorus-containing antioxidants, organic
sulfides, disulfides and polysuifides and the like. The antioxidants will ordinarily be present
in the lubricating oil compositions of the present invention at a conceﬁtration ranging from
about 0.1 to about 5 weight percent.
[0042j Representative examples of sterically hindered phenolic antioxidants include,
but are not limited to, ortho-alkylated phenolic compounds such as 2,6-di-tértbutylphenol, 4-

methyl-2,6-di-tertbutyiphenol, 2,4,6-tri-tertbutylphenol, 2-tert-butylphenol, 2,6-

diisopropylphenol, 2-methyl-6-tert-butylphenol, 2,4-dimethyl-6-tert-buiylphenol, 4-(N,N-
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[0042] Representative exanples of sterically hindered
phenol i c antioxidants include, but are not limted
to, ortho-al kyl ated phenolic conpounds such as
2,6-di -tertbutyl phenol, 4-
nmet hyl - 2, 6-di -t ert butyl phenol ,
dimethylamin@adthyly-Le Gt ditteybyhle pdnol, 24 el 2udiytepetgiphend, 8-methyl-6-
di i sopropyl phenol, 2-nethyl-6-tert-butyl phenol,
styxyiph&v_.o‘ﬂ,-216-@&&5@‘1-4@0?1%@}16@} afldphein Qhalo%s bR Rbmddgs. Mixtures of two
di met hyl am nonet hyl )-2, 6-di-tertbutyl phenol,

or more $icht ohgclgffrqjh'eﬁ&fé &%ﬁﬁp&@?ﬂr_@ lalso?st oyl -6-

styryl pheno 2, 6-diI st nony enol, and their

anal egs_and_honol ogs. tures of two r.more such. . .
00431 10 o B ok cbnist Rl et das R Bisahe Rbricating
i [ 0043] Representative exanples of other phenol
oil compositiopy PHER ECERF pEtion 1pe{ady, (i preapqtdignitesi fo, methylene-one or
conposi tions of the present invention include, but
more ofrludged alkmiphebls,o onerevhyherse stamigaldy-hindored  ehbhddedg@henolic
al kyl phenol s, one or nore sterically-hindered :
compourds it dgedirghthelol.c Exeepke widsctByiendrbid giieGnigtRnedinclude, but
Exanpl es of net hyl ene-bri dged conpound% i ncl ude, but

ot [BhRedRY, 44 is(Gidhi- Y ERBD U S Bk BN Lort-arvlo.
e o RSO RS g DO SRS AL D amso

) .
s, 2 22BN SOGRL OB koL Y BRERL o e o
sy SRR LR ot TS e e

described in U S. Pat. No. 3,211,652, the contents of
alkylphengts sprhatsethosméesepibecained.-HhyPat.afer BAtkoHerikd nontf109 44 which are

Am ne antioxidants can al so be used in the
incorpordtetbby cétremg lerdinconpositions of this invention

Exanpl es include, but are not limted to, oil-soluble

[0044] ar OMAkiife HRRANMRLYcaRH B use@ IPIRLLGRAES BIRbMpositions of this
pol yam nes and the |ike and conbi nati ons thereof wth

inventiongp@fﬂ s insRGOR I%er gg@.rrloﬂﬁg%c?n ?dﬁ gg-%%ﬁgi% é{gﬁ%ﬁc %m&&samines,

romati c secon

a
. di phenyl ani ne,. al kyl. di phenyl ami nes. containing 1.or 2 |
aromatic CIRURIEY SRV AT ¥ o6 RE0 G kD Bnabotead. Bifpgmatic
at ons, phenyl -al pha-napht hyl am ne, . .
secondar;b RBYDAS- sdng, PrfgTely | Brpmeles gfi@ppmalgg secondary monoamines include

) ar al kyl substituted phenyl -al pha- napht hyl ani ne
diphenylagaine.zalkyl rdgpleenylapases ameioingtiwer 2hlkyl srstiareatskeath having up to
groups each having up to about 16 carbon atons,

about 16adatlydn ainsaphéieiialsiabsibhihytetinghaienlyt-beth dmpthylamine, 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 aralkyl groups each having up to about
16 carbon atoms, and the like.

[0645] A preferred type of aromatic amine antioxidant is an alkylated diphenylamine
of the general formula

Ri-Cg-Ha-NH-CeHa-R,
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napht hyl am ne containing at | east one or two al kyl or
aral kyl groups each having up to about 16 carbon
atons, and the like. [0045] A preferred type of
aromati c am ne antioxidant is an al kyl at ed
di phenyl ami ne of the general fornula
wherein Ry 15@@-dHayl gepu@d prefdrably a lranedied abiyh gRip) badang alik Y2 carbon atoms
group (preferably a branched al kyl group) having 6 to
and prefetabig 8rdp Oreatioar®oma ied B, 6§ & hadloy¥erBatom & a@allio groatibqpReferably a
and R2 is a hydrogen atomor an alkyl group

branched(amﬁﬁfg%@@ IMvide 636 aRCHRMBLBINL afll ﬁgf?%a M 0P8 Briof a@c@ns Most

carbon atons and preferably 8 or arbon atons

erred conp gung s AV

ry 438L, erial which is understqod to ,
as Naugg'@l%géeggg}ﬁ &t éW%MWﬁ df ABRgISHogh & eamf?@nzma‘ﬂ%ly a 44~
bi s(4- nonylphenyg?(an1ne) wherein the non gr oups
dinonyldiphenylpiningc iteel. BigGasnyRhenH¥eman i vhiewant f:onoméegroups are

herein is conprised of one or nore liquid, partially
-branchedsul furi zed phenol i c conmpounds such as those prepared
by reacting sulfur nonochloride with a liquid

[0046] m xt unethef aAfeaahs Mien®l Rein i€a8hpARAULS AheW8l Mlre liguid,
percent. of the mxture of phenols is conposed of one

hen
partially Kol GRRAPHY Fox “5}‘“’3’98 f%&ﬁa Subde Hiekfed by peyne silfr
ne d I f .
monoch Yt & Ty, sEFWES BRERGIO S HoRE™ § B ahe W3 Ypighi pereent of

product. Typi cal phenol m xtures useful in naking

the mixtaigept Phepdls 1 comnesedcolrpBe i BAT TeaehR elu@dqwd(ﬂohmls and in
cont ai ni ng by wei ght about 75% of

proportiofis & giovider frofpuboup Aénol gboab Ot grafvstofns of sulfur monochloride per
2-tert-butyl phenol, about 13% of 2,4, 6-

mole of reddtive Sihdatby b}i&bﬁﬂ@d} as RNstodlRU 1i@#d gfoduct. Typical phenol mixtures
2,4-di -tertbutyl phenol. The reaction is exothermc

useful in E}H&Jhgs sud®f ﬁ[&lﬁ& %Aéc%ﬁc{g r@gl%géﬂlﬁ{}\{snmEﬁﬁe 34 choﬂ@ﬁh!ﬁ% B9 Greight

t o about 70 rab bet ween a out 40C

about 75% (91% F%g-%gte évgrlen(?g tol'lllrt el%(,/o glterrrﬁ gwutgﬂ%herall&t, ia&%ﬂt q%% 3f 2.4.6-

can & e I"ubt reath

tri-tertbutylphenol, and about 2% of 2,4-di-tertbutylphenol. The reaction is exothermic and is

prefe:rabig=r Rt gﬁcﬁﬁl Yre tﬁle gmd (51%3 SHe Iqr%%}trgg 8%%%1%;@ 1g|alva11ab$e commerc1ally

preferably kept within the range of about 15°C to about 70°C, most preferably between about
40°C {o about 60°C.

[0047] 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 methylene-bridged polyphenols, and (iii) at least one
bis(4-alkylphenyl) amine wherein the alkyl group is a branched alkyl group having 8 to 12

carbon atoms, the proportions of (i), (il) and (iii) on a weight basis falling in the range of
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conpositions herein. One suitable mxture is
conprised of a conbination of (i) an oil-soluble
m xture of at |east three different
sterically-hindered tertiary butyl ated nonohydric
phenols which is in the liquid state at 25C., (ii) .
about 3.0 abdut SA) pditseofndoxipsnentql) @aid dbeast. ot xbeutdi. b%@@ﬂ component
sterically-hindered tertiary butyl ated

(ii) per ;5@@ by IW%[%I 1 BE b&ﬁﬁgndi’t@ kiiph %?lé:ls 2)@ ?ﬁ&eﬂ ht‘llti x?tfantsecﬂ%usﬁ&? above

bi s("4- al phenyl ) am he whe group Is

are dlscfbﬁ@d’]%bq? SalPla%:nt 9\5 %J ?@g Epgt)hS at %telf f %X b agé?rgc;m‘porated by

roportlons

l[ing.in the ran 4 about 3 5 to about
feferem%ﬁﬁel&ar e PBFEATG %56 'E?Fc? %ﬁéfeﬁ@d@n y-3-dagmbMo- 4,031,023,
parts of conponent i) per art by wei ght of
the conte@éﬁﬁfaﬂeﬁh al(eﬂmqrpores@és@m refsrampe @@hl- ant i oxi dant's
di scussi on above are disclosed in U S. Patent No.
[0048] 5, 323\il@ar tpmtc omt enluse ofeanbi Glibvaie nmeridide panaie dotitions of
reference herein. G her useful antioxidants are those

high loadisSC| Ds&fpled o SmtRbhenigch. ifolQRL, BE3.are tRR (E%ﬁfe@mt zinc

whi ch are |ncorporated by reference herein. [0048

dlaﬂqldlﬁﬁ$]ftrh‘@§@£]at&% C(‘ﬁgrygcﬁﬂﬁ'(ﬁ%g ﬁﬁﬁtesoé g, Vo's@ geﬁ%@# fd & article by

par condi tion

.Bomn et %_n pﬁ@ec[i “?%Ia 43 l n %tlejvggn cfrﬁﬁmﬂ?aﬁ trrtllcc):tttu:ré Ialrlrgi tEefPectlvenegsl: g? Some

dlaryldlthlo hosphates e.g., those described in an
Metallic 5Pjaligyle dighiophosnbikes t ireDiffResnat Lubrigsiqd  Mechanisms”,

_ between Chenical Structure and Effectiveness of Sone
appearing/pn dlubricatidinaBkighee drd JDivary [1980,t &k diphespinpleepagen 97-100; aryl
Different Lubricated Mechani sns" appearing in

phosphatbdidnd shabspidites SRl RACEnAmndng &idia, rﬂto@&%ulﬁﬁ%xﬂﬂbﬁn@@( aleRd1 @r ash-
pages 97-100; aryl phosphates and phosphltes

free d1th1§éHﬂSzHﬁat§so Qﬁﬂh&bg 101185 k8Rles RROBPNRS Uhd Hix

metal or "ash- free dithiocarbamates, xant ates aIkyI

sul fi,d |ke and m.xture

00491 et e‘#g%?t c:ant‘>i$unc:(it]i()8rtCO Pguﬁaelﬁfteraﬁ fﬁgﬁ? g’f Rrhg‘téé# gxidation,
t he rodu of oxi dati on, nd to suspend insol uble

and 10 4 ke CAnEIRANS dhd dgbenaing  oibr Bsyebwe kpaning surfaces
surfaces ‘contactlng the lubricating oil clean,

contacting dhe Bibsicatinehpig isleanpweaially digh tempsedure Dutfecaye ipsicrgayts may,
for exanple, contain at |east one | ow nunber-average

for exampie] emmiant wasighte loydmonbarkeorage mbeculatwdigidsiydestarbon group;
pol ar group; and at | east one linking group to

at Jeast 0BOPORE tgrd 12 aBA! AMeAPnd WIRBIBEroup 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 sulfu_ric 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
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groups. Detergents typically contain netal and are
the salts of acids. [0050] Representative exanples of
detergents include, but are not linmted to,
over based or neutral detergents such as sulfonate
detergents, e.g., those nmade from al kyl benzene and

a total bdse mumpesS(ITENIY éfcfr@s iaboutghe rdbes3 O didghcforbisbs@dibott 100 about
over based), high overbased phenate stearates,

25. LowPhenakat @Sl §afdraws ah@ feutPi ARl Q@8 B%os are well known in the art.
- t hi ophosphonates, ionic surfactants and the like and

[0051] m Xt lf{ %fﬂﬁgﬂégsoéafsﬂrgyggp%fgdﬁsgas econ'i[%)ts ln o%%%]saﬁlgt%%sr OFF?](amples
o o SO 20 G RS e S OO 10 L0,

net al sulfonates are well known in the art. [0051]
polyoxyqthdeng rpim] t dher. ceelyprsthedencadighes taledhe! cetheins pelioxfethylene
ferrous netals. Exanples of rust inhibitors include,
nonylphdmyt ether podtoxiyttiytend detyiphvanl othir ppbloxeetigleky loetye stearyl ether,

agents, e.g. pol yoxyet hyl ene | auryl et her,

poivoxy@mlymy@éﬁyleﬁﬁﬁ @o%hﬁ?retﬁﬁd%ﬁ@ okorBidle rmoﬂ@»@dem&l/e &fy/b;@réﬁaylene
nonyl phenyl et her yoxyet hyl ene octyl phenyl

sorbitol 191811 ééf@ta.mil %g,%t@géﬁél 012&? ookl erstfiarle QL¥OXGEL R fgﬁ}? acids;

ol ey et’her, Xy et ene sor nmonost ear at e,

drvon 5 SO 0. S0l BB0 SRR g ey ton i

ot her fatty acids; _dicarboxylic aC|ds met al soaps;

partial carhwglwa%aub e %pglahr@c #eehkal: Bhasphorgy e%@&wgﬁh@,wh@ﬁ) glkenyl
acid; partial carboxylic acid ester of polyhydric

succinic abid@;hmialptﬁb@p ibereef st artsiget-shopininghdemyatiabk dreydof; synthetic
succinic acids; partial esters thereof and

alkarylsubfoh#itogefg ¢ onttal niimgytiephthaleny esilfohfeL€0ind Shntiet al mixtures
al karyl sul fonates, e.g., netal dinonyl naphthal ene

thereof. SUl fonates; and the |ike and m xtures thereof.
[0052] Friction nodifiers can act to nodify the

j0052] fri Crhgpo% i d G L Iagfm?ft Sl%r %‘?}f%ﬁe fnc"T:tX pﬁqsl}egtfbes %f surfaces.

fr I'on o ers [ are no
bora ed fatty. epoxi

al ylated f ty I de
Exampiey &? R m@a@% P Fo%iee s foy alpiilaicd fitty amines;
borated alkoxylated fatty am nes, netal salts of
borated 1piy tepoxigpesfatty athogphiich.afastiv ehesideg| it ravtiness thorajed alkoxylated
borated gl ycerol esters; and fatty im dazolines as
fatty amidés ahaisleshlts of Waty aEidt;,efmtty Neid 6mBIER, A96crolt Exeers Oniratatl Ltycerol
of which
esters; and fatty imidazolines as disclosed in U.S. Patent No. 6,372,696, the contents of which
are incorporated by reference herein; friction modifiers obtained from a reaction product of'a
C4 to Cys, preferably a Cg to Co4, and most preferably a Cg to Cy 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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are incorporated by reference herein; friction

nodi fiers obtained froma reaction product of a 4

to C75, preferably a C6 to C24, and nost preferably a

C6 to C20, fatty acid ester and a

ni trogen-contai ni ng conpound sel ected fromthe group
Exampleson$i atiforwgning apeasnidludndodnarcahbaiiolied &€, pelyghers of alkyl

those disclosed in U S. Serial No. 10/402,170, filed
methacrBieCPolgRersdRUBnethPRiliceROLRNHS 1RE aNInSHuRE Ehereof.

I ncorporated by reference herein, and the |1 ke and

m xt . ] 1. Ntk t can, act o
00s4] 7 4 EBpb il a8 func R sobP AT L im0 1bricatiog
. en a.liquid is agitated, and to redyce the tine
oi, therflia Redhing 8gioe GooTHEN St oA Ss P e 1 & memTpisegay also

. of antifoam ng, agents _include, but are not |limted

functionty regegieyshapgesoin glbklwﬁngr@tl hagaoyitabe: prpeinjine ke gfowth of large

di met hyi silicone and the |ike and m xtures thereof.
contamifja@0 pafriclks dir shpe hdbanstingaoil.f WRsperantst nass Usp exwnpla,saintdh at least

contamnants in a lubricating oil, thereby keeping
one highSibiitRe @Ser6 @NndECUIRE wWeltdht hilidob£Bbh BEHuP! At 16ds€8Re polar group; and

D spersants may also Tfunction to reduce changes in

at least o:nk‘ M@tg‘gﬂg} t%!clonﬂgc% g{a%f}%c}lé{r 4 ﬁﬁﬁ%ﬁ%gér})ﬁ[%r .tlﬁﬁ%t)&ga%\fg %}F ?)ffpically

ar ge am nant Icles’in icating o

Di spersants. may, for exanpl contain at |l east ope .
metal-ficg) BHFeFTResiedbe 28K SAre dr et myFech iy SEaoRc someimes

roup; at |east one polar group; and at |east one

.. g
containing hordthg group to connect the pol ar and nonpol ar
groups. Dispersants are typically netal-free,

[0055] geneRgbteyerddiveaixaimmipsaxilaghlcss dispersahtzdndydm buharemog&mited to,
and oxygen, and sonetinmes containing boron. [0055]
polyalkylReprwseinicahnhyeridxanpiesitoterasbh@isngd dspetisantsf a polyalkylene

i nclude, but are not limted to, polyalkyl ene

succinic SMAFARHS APAVEN hidSgen RBABLAI QIRBEOREAI ﬂfengrou consisting of
derivatives of a polyal kyl ene succinic anh drPde; a

succinimﬂ:% i Sarpél)%%ﬁg%?d CAIRQY %%d%)?g{%% ?rg(glfgé%ﬁe%,hg%cﬁég uﬁ;{l d%%lyamines,

consi's SUcCI Ni car
. dr ocar byl nonoami.nes, dr ocar byl pol yam nes, _.
Mannich S SR Blen B o LU SR THEA=S Y SBREVBRERAR degroles. e,
. and phosphor am des; thiazoles, e.g., o )
2,5-duneg:,agtodi,ﬁ;érth@gta@olgs,gp@'cmm}a@jzgﬂngk;; and derivatives thereof; triazoles,
mer capt obenzot hi azol es and derivatives thereof;
e.g., alkyttripade ad, benmtgazoled kypdlymezoltdsh anthib e vzibokylaealses with one
copol ynmers which contain a carboxylate ester wi.th one
or more additional polar function, including amine, amide, imine, imide, hydroxyl, carboxyl,
and the like, e;g., products prepared by copolymerization of long chain alkyl acrylates or
methacrylates with monomers of the above function; and the like and mixtures thereof. The
denivatives of these dispersants, e.g., borated dispersants such as borated succinimides, may
also be used. Preferably, the dispersants are polyalkylene succinimides derived from
animation of polyalkylene sucéinic anhydrides with polyalkylene polyamine.

[0056] In another embodiment, the liquid composition is a fuel composition.

Generally, a fuel is a substance used to provide heat and/or power by means of combustion
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or nore additional polar function, including am ne,
am de, iniine, imde, hydroxyl, carboxyl, and the
like, e.g., products prepared by copol yneri zation of
| ong chain al kyl acrylates or nethacrylates with
nononers of the above function; and the |i ke and

with an okidintr €6 fudeo@pbsitidifor e heréat inkR8ePht 1848368 Guel which can be any
di spersants, e.g., borated dispersants such as

presentlP Rh&WE br SHECH ToREAR el RY¥I iﬁlf&‘i}u@eﬁmgsﬁgl' c&ngxgdéﬁg)g?!%rezény and

the di spersants are pol yal kyl ene succi ni m [
f -anj i.on of polyalkyl ene ccini c anhydri des .
all such bR B AR 5,87 pTieRdofR8 SRS froks 3Rt siSke internal
. enbodinment, the |jquid conmposition is_a fuel, . L
combustieg RIGHTY s 45 REEHEPHRICG T Tl Fermtiom PELA Pagioes. dised injection
.to provide heat and/or power by means of combustion
spark igmitiopj ¢[Shn ersinetarsicseln mardne, owipeks zed end fhordragse fheledi engines.
includes at least a fuel which can be any presently
Accordidgip\vinele forl @t dereil Bender lad afeigdt lissiesd! fonmbast Mwlatd dgeasoline or
fuel conpositions for any and all such applications

diesel wiioH nfiyQifecontn Bther BohbSnkalubBLY aRbhJINRtifh-d, QK Snidfisk thereof:
four stroke internal ‘conbustion engines such as port

f i ] [ .1 aniti (PEI i.nes,. direct

krosns U, B ML AL b a0 A1 o

mari ne, natural  gas apd, hydrogen fugel ed engi nes

Acco ?8 f ﬁﬁ%ﬁle’f WB&% %?eoﬁ“eb é%gﬁé‘igeFng ﬁE]I %fd’@?a%ﬁ &Oﬂérf’é’ove about
not limted to, notor fuels, e.g., gasoline or

212°F. Theediegel {itsl edn erayprise sonesphemns diSt:iﬁhte or yampondistidate urta blend in
as al cohols, ethers, or mxture thereof; kerosene;

any proppgionfofgtraightminiang thhkiy ahdiet cathl lyeddkB@ disuBhte@NPreferred
the |ike and m xtures thereof. 0057] For exanpl e,

diesel fu¥B@Avd BRethHE huhBerdifSR $last SMAR 4?,3%6&9:96]? LBVt k5, and more

above about 212F. The di esel can” conpri se

preferablgltegﬁg)gg :}fg){)ﬁtgggl Sf'}|1 !:11%%691 Eel% g t lr,lg% giﬁsht irclf}lﬁgcéﬁgm%&saprior to the

I
C
proportion o

[0057]

.. thermally . and/or catalytically ¢racked distillates. .
addition o Gpitiang ingice T e e of BRaHg G0 fB ahiset Dyt addition
, | east about 40, preferably above about 45, and nore
of a cetangyigipEe Wl y above about 50. The di esel fuel can have
such cetane nunbers prior to the addition of any
[0058] cet aAdsol whewverfuclligasdinana canbbeeriodd frtw@ straight-cladin ephtha,
rai sed by the addition of a cetane inprover. [0058]

polymer fhsdline, WABRall HBoTinee kabiBrti@ATOLIaBRod bl thERRIRrAREd W§8rocarbons,
rom strai ght-chai n napht ha,

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 include (a) a fuel; and (b) at least
one fuel additive. In this embodiment, the fuel is typically present in the fuel 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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pol ymer 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

to about 8BSutt. %b Besedamcthe analoodiplati of thd aymeositival, ehile Slerfacigiititives are
chain or branched chain paraffins, cycloparaffins,

present iﬁﬂ%fﬂu&%or%fogﬁ%hiiﬁaﬁiﬁﬂé%lﬁ@.nsa and any mxture of
these. [0059] In one enbodinent, a fuel conposition

ooso 35 BBl 2 LS oAU O A P8 Ja RN e
v i B g B SR, BB TR, e

. greater than about 70 wW. % nore preferably from
deposit capEeladdifives, defsgents PeNGAMPIEVETHd OFBRY IMTaYess. ZBhgsion meucers,
about 90 18 to about 99.5 wt. % based on the total
antioxidangs; ghrrico fluidsemewirgesitivators, laskiscavenbersf mel inhibdiots, basteriostatic
are present in the fuel conposition in a mnor
agents, c8BUIGE inhiHO6H hntihietid MRlitivad dirhb Y&Richdhobfts 8¥nulsifiers, dehazers,
presently known or |ater-discovered addi tive used in
a:nti—icinéi QAL AL baghideh i d &ﬁ@gﬁt 1ﬂ(-|éhz§1éif #8lnad %erréo\fglsA variety of

ncl ude, but are not limte o0, eposit contro

.additiyes, detergents, .ceta i overs,...oct ane, .

the addifes e, Kfigwn i Cperplalfs clable anthess; padS: Sedbsiy gpalogous
fluids, ne%al deactivators, |ead scavengers, rust

compoundsGapide SERI0YSE dpithe FEPATALEN Of Hrertagious Bief epippasitions.
inhibitors, antistatic additives, drag reducing

[0061] agentdierngbwaly sthe ifesl siddidieonér ears furthantontiigiangnert stable oleophilic
addi tives, conmbustion inprovers and the |Iike and

organic solvehioeforrh araiditiveAonadritety Ohesctddfcantidick uvegivainciude at least
known and comrercially avail able. These additives, or

from abotiN98 kvt 2NA0BRBHS 10 GRNPL YRGSrab S Ao b8 IRV YR Dol 8Tabbite25 wi. %
preparation of the various fuel conpositions. [0061]

and mos‘(s%lrﬁferr% iﬁ’o% ¥1b01§1h§% gxg]e Jgo ?t]d %&‘Jﬁh%f ‘27% ootk Jnufntege table to}ieophjlic

arn’an i ner ol eop organi ¢ sol'venh
. to for n agdit've oncentrate, Thes ncentrate
organic st 400 7R PORRS H11"G48 RO SOV S SSEOR o, dgut 2 . % to
about 10 wt. 9% Egreferably fromabout 98 wt. %to ]
about 75 3 otpt anpigmogt .pr@)?fzr hofrawsabopt 2 var dbloyabbrbd abdat obthefpregoing
%to about 50 wt. % of an inert stable oleophilic
additive(9r §afut ireol stait okophilic orpaaboieivédt vin bdsdh ventianilin®i the range
w. % preferably fromabout 2 wt. %to
of about 150°F to about 400°F. Examples of inert solvents include, but are not limited to,
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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about 75 wt. % and nost preferably fromabout 3 wt. %

to about 50 wt. % of the foregoing additive(s).

Useful inert stable ol eophilic organic solvent can be

solvents boiling in the range of about 150F to about

400F. Exanples of inert solvents include, but are not
hydrocarbiyRiubstituted, pobibphadityilenehyahimeqr hadros@bylesibstiturt OfRkirémides,

hydr ocar bon sol vents, e.g., benzene, tol uene,

Manmchxﬁéla@tﬂﬁm pRidGets, ARG hﬂﬁaﬂnﬁﬂﬁeaﬁﬁﬁnmeﬁew 68 FBQ@H{?%enoxyalkanois

Al'i phatic al cohols containing 3 to abou ar bon
pL.op I b n e o) )
posks BB PERE 9ol ADSleBUE A g Brcoen
are also sui t abl use with the fuel additive.
containige o d%@%Uﬁ @Eﬁaﬁ pEfuey fesfe can act to cl ean

and/ or keep clean entire fuel intake stens.

[0063]  Ey anblceil @hiperisoRydroeshirssbsiuiet tmvaes Mhishugey bumployed in
are not limted to, nitrogen- containing deposit

the presepbimvenfionaard itypivaly Smightm brénohedeotmivp hedroedrbyisabitauted amines
hydr ocar byl am nes, 19 hydrocarbyl - substituted

having ap Mayt( Oy Badky hﬁﬂ%):ndif@rﬁ end Wiyasiace bylroetidst bfdtbeths a number
succi ni m des, Mannich reaction products, nitro and

average ﬁﬂé&ﬁla?rvﬁé]%{t' & GRIE A0 Iol{; Ay al d(?él pf’f‘e@&i‘éﬂahgpgﬂﬁ!: Seydrocarbyl-

po yal kyl phenoxyam noal kanes" ahd post-treat

substltutr;':de %%xnaetﬁ 31\{8]3%% pf)g,ygseqbfu gﬁ?ﬁ% [}ﬁﬁ)&gg'?n_(gfo%g{ir%sn %cﬂyammes
Ueeful al i phati.c hydrocar byl -substituted am nes which
The ahpl??él;? ftyéf%%m% ﬁgan%gmﬁlﬁéedpr%%wveﬁ%h@mdﬁew@ by conventional

Eécally strai ght or branched chain

procedurefy weaibihe-subSuch aligtiahydesarbiyhainimgs aind |thas prepamtions are
basi ¢ nitrogen atom and wherein the hydrocarbyl group

describechds aetailinipeiU.S aviacgeNoD| 8ok a57-wai W5ts0al abount76709,848,056:
"to about 3,000. Preferred aliphatic hydrocarbyl -

3,960, 515‘@332 bus.esh@pione S sk NEHUssidad Y)!f%@@d»'to? Wﬂlc@@ﬂe incorporated by
pol yi sobutyl nbnoami nes and pol yam nes.

rdhmnuﬁkﬁ&ﬁat'c hydr ocar byl am nes enpl oyed in thls
vention are prepared by conventional procedures

oot IO Lo Sk Sych el piat e ccartyl amnee

U S. Patent Nos. 3,438,757; 3,565,804; 3,574, 576;
polyetherz agyrgshs6e gepergly, msocaahidsubstged apdy©xPUByISS, amives, e.g.,
contents of each of which are incorporated by
hydrocarlyyd fretydmoellyderei) 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 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 alkylphenyl
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[ 00641 Useful hydrocarbyl -substituted

pol y(oxyal kyl ene) am nes (also referred to as

pol yet her ami nes) are generally

hydr ocar byl - substi tut ed pol y(oxyal kyl ene) am nes,

e.g., hydrocarbyl poly(oxyal kyl ene) nonoam nes and
poly{oxyadiyent)mesoantiee evherdih ehdydy@ssulkylengrmaciety csmiias BSypropylene

from1l to about 30 carbon atons, the number of
units or OxpPAtYMeaR@s BPhdiStufRARTx{FropyiaRoHd 0x9bhQ1AR Afts. 100,

and the am ne noiety is derived from ammnia, a

51 pri kv] .0 e i I .
00651 D01 yas 20gbbal g G Beokor 0 e BAOD Gt Rhe fimine are
referaply, th 0 | kyl ene ety will. Qe )

hydrocanflyF s sfftelt o §fonsRhiins) afdrosroarines i sderledpr. example, in

Such = hydrocar byl - substi t ut ed pogyéqf algxlene
U.S. Palgat Nas. af-d0Qe45r FH84,537 ord- el 4.2330108; SH2%mpeit 4,243,798,

Nos. 5,112,364 and 6, 217,624, the contents of which
4,270,938y ¢,23802 pordad 881.9¢5 r ticecwmaes loéreecn of Avhiph efeinw@eborated by

type of hydrocarbyl -substituted pol y(oxyal kyl ene)
referencévbgromm Tiesé By@bcabidypdiierydikyl@ik)aminocarbamates contain at least one

pol y(oxyal kyl ene) ronoam ne wherein the

basic nitRYek (03 BnkH50%h a{%k%%ymsra&h%i ARichX YPLORM! RivSo 4aLE $0,000,

. or oxybutylene units m Xt ures oxypropylepe and
It 0065] An diti I
prreab @ ARUE 602 oS00, 0 B TP A Sl 3000,

drocar byl - substifuted pql y(oxyal kyl ene )
Pfefemﬂﬁiﬂ#@& @sﬂifgfpg%él ﬁéﬁé&ﬁ%ﬂe@@y&aﬁm@aﬁb@a@. wherein the
) Pat ent Nos. 4,160, 648; 4,191, 537; 4,197, 409;
amine maicty3s dewe:d o sthybae; diamipas 31 A@ghylent (0701030,
4,288,612 and 4, 881, 945, the contents of each of
[0066] whi clisefub hytdrocpbylatdstithied sedodiiends hes ebdherallje $9drocarbyl-
hydr ocar byl pol y(oxyal kyl ene) am nocar banmat es cont ai n

bstituté@f sucBidshideq @ ¢ DEsIy AP 4 1R i
P m)S gcul alr vveigg @gf glbou?gg%ho t@%%gg%ﬁ%?ﬁgf&yg{%alkﬂ

I
e nand re
or polyaReR 1Tl %od B8 verls 8180 S eS W BB E oy 000, and
am nocarbanmat e j | kyl phenyl . pol y(oxyhut yl. ene i
preferab §IbAFCADIATECE 1. 50f e PriEC et e yug%n%%q%a typically
fromethylene dianmne or diethylene triamne. [0066]
prepared | Ry fIGRCIAN d £ 0 BebBgarblopibstituipde glesinie  anhitldds wiitle an amine or
general |y hydrocarbyl - substituted succini m des,
polyamine. having et Viedst ydncanchciod yaidkeey | badeditoi an desnshétregan atom.
t he pol yal kyl or pol yal kenyl group has an average

Preferredny d26¢sriey]-swbdiiiled Ofucaibntided ML iR ARIPKbbReRAandapslyisobutanyl
succinimides, and derivaﬁves 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 containing at least one reactive hydrogen, and an aldehyde. The high molecular
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preferably about 700 to about 3,000. The
hydr ocar byl - substituted succinimdes are typically
prepared by reacting a hydrocarbyl -substituted
succi nic anhydride with an am ne or pol yam ne having
at | east one reactive hydrogen bonded to an am ne
weight alkylrsobgitutad dmiroxParefretic ednippdndcat pydfembbspalyvalk@ghenols, e.g.,
succi ni m des include polyi sobutenyl and
polyproB®hhéhsio it apyikbutgiphendll NvERSin aRd pRBLIYAL %r‘égﬁ has an average
' thereof . Exanpl es of hydrocarbyl -substitute

B

916, 825; .5,954,843;: 5, 993,497: and 6,114,542, and
such as %?‘?’%’P% ROPATEN R@.emi‘ﬁ%g}ﬁ T BRlyorenen® Y%’F“S%éﬁr example,
of, which_are incorporated by reference herein. [OO67}
cthylene| dgmipe. digiavlens Femsne.oficHdscieyaning. gahdhaliky. The aldehyde
obtai ned fromthe Mannich condensation of a high
reactant ni$ e geheanltywe g htaliphitid - sidebydet utsech hyslr dorpaeddeimtie,c including
conpound, an am ne containing at |east one reactive
parafornfajdbho@emd Rnglals) ddebytirhyddeA brebrre®dhvemblcB reacdibn product is
wei ght al kyl - substituted hydroxyaromati c conpounds

obtained@bye cRiRh&hARI Yo b%ﬁ&%ﬂ&leme@ﬁﬁ% rn?al?ehyd and diethylene triamine,
pol ypr opyl phenol and onbutyIpﬁeno , m%ereln t%e
. I . rou as_an_avera nol ecul ar _wei of
wherein 8% el R0 o BB o LS B ol o0 Examples
typically a, pol yami ne, such as al kyl ene pol yam nes,
of Mamve"«ﬁﬁswgmm&tcms Hesaibedoor SKMPPIENE Yot Jalrnhies. 451,759 and
; exanpl e, ethylene diamne, diethylene triam ne,
5,697,988 rthe eenitwtnef eashodnhich argmeborprsated ke reffisacalhaeny de
reactant is generally an aliphatic al dehyde, such as
[0068] f or nlddatopdiecxainyddsusdi theg forpasiad addieilekedry descaibdd, for example, in
formalin, and acetal dehyde. A preferred Mannich

U.S. PatéiRagsd. R 384U GLolicS7760 @ nsd i 68588651 tAY cBntents of each of
polylsobutylpﬁenol wi t h f or mal dehyde ‘and di et hyl ene

hich ard [d-818 R pol yi sobutyl group has an

whte a‘avé?gggﬁﬁ%F%%%%g?gﬁgggﬁt of about 1,000. Exanples of
Mannich react.i o r.oduct re descrihed, for exampl e,

jooeo1 7" DEseimp Y 6 eARGBASH: Sarluds Sub i s 1giee simie b e

) contents of each of which are incorporated by
diphenylgramg, ghery!dphernaptindeesne. AdENtdiGHaipherEbmiaiiest antealkylated
~ foregoing additives are described, for exanple, in

phenyleng)dgimiReas; phendliss sud) 20 Fps84mbe, A .7f6icaly GhridcbUalayiophenols
6,652,667, the contents of each of

such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-(2-octyl-3-

propanoic) phenol and the like and mixtures thereof.

[0070] Examples of rust inhibitors include, but are not limited to, nonionic

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

ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,

polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl cther, polyoxyethylene sorbitol

monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate;

stearic acid and other fatty acids; dicarboxylic acids; fatty acid amine salts; partial carboxylic
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whi ch are incorporated by reference herein. [0069]
Exanpl es of antioxidants include, but are not limted
to, aminic types, e.g., diphenylan ne,
phenyl - al pha- napt hyl -am ne, N, N-di (al kyl phenyl)
am nes; and al kyl ated phenyl ene-di am nes; phenolics

acid esteguflpdghydrioralehahpkleri-Bidin) stkemil catdiyichicidde padial adtieylthereof
phenols such as 2,6-di-tert-butyl phenol,

and nitrogef-cOhtairédd ddivhiVesih&eesald tAPHke and mixtures thereof.
2,6-di-tert-butyl-4-(2-octyl-3- propanoic) phenol and

[o071] the 'Ex‘a&lpﬁa%ﬁhﬁwﬁ erﬁo&ih@%eﬁﬁmd[e,oﬂftoérr: ﬁsﬁ%pgxg%@o&f, alkoxylated

rust 1 nh tors include, but are not

nonioni ¢ | yoxyal kyl ene agents, e.q.,. .
Faty amiJ5E BE0 ORe R i 1 SebiEP 5o s hiidr-oey gy borated
al cohol _ether,_ polyaxyethyl ene nonyl phenyl ether,
alkoxylapsd) 16y pwines Bral %éfﬁéff&%é’nﬂyq%d%f%r%m ﬁgid%@merﬂheéﬁ%% borated
octyl stearyl ether, polyoxyethyl ene ol eyl ether,
olycerol peetposyeiany imkzelindsias disclosgthsl SaPaiert, No. 6,372,696, the contents
pol yoxyet hyl ene sorbitol nonool eate, and pol yet hyl ene
of whichghigciatorporaaal Bateferensd Baelng fhciich andifihebtainall thiom a reaction
acids; dicarboxylic acids; fatty acid am ne salts;

product &XH thgbl C%,afir*éfb’fé’dlﬂf 6 Cedd (8L MAdgde [)re?é_ralﬂg?la)’(lf‘é’tg;(i_}gﬁ fatty acid ester

al co ('short-chain) al'kenyl succiniC acl
- i r.e [ en-.cont.ai nin .
ond a e B | b Bl AR A PR el Whumonia. and an

t hereof. [007 Exanpl es, of frigctiaq ifiers )
olkanolafiley s e GRAOOR Lo BeRoROnrKaRy R & Pl gerial No.
am nes; borated fatty epoxides; fatty phosphites,
10/402,17 Gyt filgd #6003 .he gongentn eE whishraze wdorparakasidyy fasence herein,
fatty amnes, netal salts of fatty acids, fatty acid
and the Likmiadé syixtylopakaredf. est ers, borated glycerol esters;
and fatty im dazolines as disclosed in U S. Patent

[0072] No. Ex3fipicd 6 antiR@nEONh&MHS incRideWBitChe € limited to, polymers of
i ncorporated by reference herein; friction nodifiers

alkyl mefARLAE Gof GG RAN L GRcom" 1y

_ky mepr er?er a&oyﬁ%ﬂ% C%f to %ﬂl “an aﬁ;r?)slﬁ%t IE)I%e gr“%}‘%&é&%%"{‘o

: C20, fatty agi.d ester. an ni trogen: cont ai ni ng. ..

190731 o BORBPS PEULBE S FORCTE: GGl PRCHEI &t FngoBplkdiens succinc
.,ammoni a, and an,  al kanol.am ne, e.g., those discl osed .

anhydridgs; npp-gitrqash SARtalgng derrvat vesgd agpplyalkdenespiepialc abydride; a basic

) 10/ 402,170, filed March 28, 2003, the contents of
nitrogen \gRinphuzd ecleeied ripom dhe groyp cefidstingcel kascaiimidesanarbbkdic acid
i ke and m xtures thereof.

amides, hydrocarbyl monoamines, hydrocarbyl polyamines, Mannich bases, copolymers

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

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

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

function; and the like and mixtures thereof. The derivatives of these dispersants may also be

used. Preferably, the dispersants are polyalkylene succinimides derived from animation of

polyalkylene succinic anhydrides with polyalkylene polyamine.



[0072] Exanples of antifoam ng agents include, but
are not limted to, polyners of alkyl nethacryl ate;
pol ymers of dinethylsilicone and the Iike and
m xtures thereof. [0073] Exanpl es of dispersants
i nclude, but are not limted to, polyalkylene
[0074] succiReifgringmbydiol BEES. In@namexample of cosytstinn forgscreening a liquid
derivatives of a polyal kyl ene succinic anhydride; a

composit@s isoenially ABLHa€0 AP eYHIEm I6be @eﬁ@raﬂfg%ﬂéﬁf] () iBbRdes a test cell
consi sting of succinimdes, carboxylic acid am des,

110 haviﬁ%%%}ﬁ?ﬁxﬁé{ﬁ lmrﬂo?tg%dgﬁgﬁmg ?@t{] biyds eg]: ﬁl%ghaﬁﬁes (1) a test panel

nirc ases, copo con

carhoxyl ate ester wth or, r itional polar .
120 RO KE S oA 1B LS B L BRAe b orizonat
hydr oxyl , .carboxyl, and the like, e;g., products '
110b of fﬁﬁféﬁgrlﬁe; &Y a resspenis had foz Bolding G Hagiscommnestsion) s (i) a means
acrylates or nmethacrylates with nononers of the above
150 for apphyong osubstantaltyhenifdrecoatiog nf thedies] ¢dearostfon fikime reservoir 130
derivatives of these dispersants may al so be used.
to at leaftr £beitidhl of, ortehenr hics PE s Hagelal 2. pakytadeklyl NEan be made of any
succi ni m des derived from ani mati on of polyal kyl ene
material $AEHI 19| j ' oy ang i i
SEH! 19 b%g%f@weh%eﬁa% Eﬁ%ﬁ?éﬁﬁ%@#&ﬂ@n@ Qgﬁ_pa{ﬁlggtg?algémstant to

[ 0074] ferring now to an ex
f.o [ a. liguid -c osition is .
epetcd SURLE O PRER0 L0 B SO0 B SSTRORIL IR, st i
. stem.10Q includes a test cell, 110 having a top .
include glfssy %PSﬂglligﬁwérfaetsgt %tsnirb BR¢ Prsiertedl empbodyracst, the mpateriad for test

includes (i) a test panel 120 renovably nounted to
cell 110 i peetalogrdgperneinseicrably damafun esen algminum ollest, seeh znyU4G.
_ to the horizontal 110b of test cell 110; (ii) a
[0075] r eselle0ipaned 300 finrentotbivngothed td gpipdrtikenidos iof tedn¢elBNid) at an
(ii1) a means 150 for applying a substantially

angle to $8hbAEMRL0A0LHRE 1&F céihe1d (116, d) GORBR S ddp@hle bf @M wing the liquid
reservoir 130 to at |least a portion of one surface

compositﬂfrn Wheh aB@ﬁ%L oltl?lg “l:es?g%r&ﬁl gﬁl.l(r)' g]tésQing,a{s(])t %gnldﬁﬂl% dtg%t p%ﬂgl without

maf err al S ca bein e un

. test. diti , . 0. i,al [ tt
emving a0 B RO 5o s b3 P Bl e v
) testing conditions. Useful materials include glass,
portion of Hhccteal cob s tngle of betyes abetic 10 (g abee 45r dagaqes gl the horizontal

enbodi nent, the material for test cell 110 is netal,
110b of tagigedi@. pr eheembbgineiny the mouotingangd imbateeaeradtiony 10 to about
such as AUAG [0075] Test panel 120 is renovably
30 degredUnt atbtlied dnfpdROEt] G hduknOindl€sd b&ken d88utatd @about 20
degrees. In another embodiment, the mounting émgle 1s about 15 degrees. In one preferred
embodiment, the top portion 110a of test cell 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.
[0076] 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 length and height of test panel 120 to be smaller than those
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angle to the horizontal I I Qo of test cell 110 (FIG
3), which is capable of allowing the |iquid
conmposition, when applied to the test panel during
testing, to run off the test panel w thout | eaving
any drips on the panel. In general, test panel 120 is

of test celedbV.ald pnerombbdichenoiitiheesiopble foontst pan«fl20he bedbick enough to
cell an angle of between about 10 to about 45 degrees

have suffitidniethBandlz abalso bs InoOroOkadyestcafi®l in IkBperdtreONeIn another
enbodi nent, the nounting angle I's between about 10 to

cubouiR38Y 0 SRR Ry 20BETRERRAELIRRL o L it punet i
oeraio SR il o BEAE SRS e PP A S, S e

_top.portion 11 Ca of test cell 110 is constructed so :
the desirgd BF%}“E%S o hpied papeladn applgreeabodimenie &5t nochAd0 43 include 2
degrees to the horizontal of test cell 110. This
receptacla| 12gweor freeeidng raeleapievaging medsuking moeapa Sy.S napwin tasnfpr afxample, a
the test panel onto the test cell. [0076] Test pane
thermocolpe. Wi | | have at |east one flat side that is
sufficiently large enough to cover the opening of
771 rese [ 3 t ' : :
O] T et B0 oDGhs MARIA RIS SaE fbine sable
. t . height .of test . panel 120 to b
under test bpdilli, B34 0G0 G5 ot B, oS PRAGrg i clfhefire of about
o~ embodinment. it is_desirable for test panel 120 to be )
300°C Wfﬂr%?ctﬁste%ﬁ&wntso Swiaple gygrialy @wﬁu harteh Plasssoks glagy material,
) not to vary greatly in tenperature. |In another
which mahbroesiatasmr uniceated over sdmsior el of ¥s quifaskithat dhiwrgetachide samples.
tenperature of the test panel during operation, a
A preferred nratqyenh &r tesiipabet 108 édaluneuns ki dd sidmimum hidoygktichsl AU4G.
be able to readily determ ne the desired thickness

[0078] of tihesttRaél PANRIrembPatdp Atdi@icderdog pBR M 1 T08r tBAREN 110 by
120 can include a receptacle 122 for receiving a

arsRHRGE A MEL | Ty

any meals L Tk EoRTRn Y pRgoT e Rt s il finod O FEETBIGe from
any, mat er.i al ich i apabl e of bejng st abl under .

the test 58 TyRnE o N €8 41 SERGRpEign T b feg Gpofiett 157 pordon
repeated heating to a tenperature of about 300C )

1102 of tgfh gell 12@Bpssewsseiptreesns Whishi is asansedriot id sgskpanet [ Y elf desired, a
nmetal, plastic or glass material, which may be

gasket 1Hoatadd it ofmcmatesid! ablerto suttstand mblongéd high (smpémtess such as
that is to contact the sanples.

GORE-TEX®, 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

bolted onto the test cell 110 over the top portion 110a with, for example, nut 162(:.7 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.
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A preferred material for test panel 120 is al um num
or an alum num all oy, such as AUUG [0078] Test
panel 120 is renovably nmounted to top portion 110a of
test cell 110 by any neans that is secure enough to
prevent the lubricating oil conposition froml eaking

[0079] fr omResbryoird$§0 ofagsekelt bl bedmsainethe fliguliecongisitoalth be tested. As
during operation. In one enbodi ment, top portion :

one skillkd 0 tef art @8l r&&illy sbplbcRAS IBSE €S nd phReERS uigf@rq{iniit o the size of
adapted to hold test panel 120. If desired, a gasket

the reserddir; hBBECrOWe Pefse@oﬂ%ggti & la?géc En%@”@%%%%&%ﬂﬁe a rlrlg%dspace

prof onged high tenperatures s
anel

: be. pl aced in. bet n the reservoir and tes In |
above thg fghig i nasiion To E luc 5 e 5015 kg SB0kE e Bitanios appiving
. .test cell 110 by, for exanple, a cover plate 160 )
the liquidiePTpETionfFpR tRoFesrpiZACHIA TKHIHRonelo eushihe daazes Blinoducing
162a and 163a, as shown in Figures 2 and 3, is
gas. In grokrabc omvenichissitelr theelehertdif iowrer thathemthopd pevhuinenof between
110a with, for exanple, nut 162c. A constant
about 5 @IdeBEUME, [@aferddty dpPlebedbanti® 4@SL00paNnehd 128t PrefttabSbetween
a spring 162b on bolt 162a (see Fig. 3). This is

about 20%§f5glm1t&ﬂ%cg(9ﬂgg% Ssiggh expansion of all the various
pi eces of the syste during heating. 25 [0079]

oosr D201 1198 550, 5 SO RS o

: . , t. ; r
coating o i OB SOt TO TeRIRUOI S40ia 3155t hoyiBpRIof lerriace of tes
" reservoir nmust be | arge enough to accomodate a
panel 12he Betspaemle. ab e HPIG. d iebass MO B Eppipingor $stasillycniform
as well as to acconmodate the neans for applying the
coating of itlgpuligphid oorppsditidrofrofnrresart die 1 3@ set teist 2 poiMios Hf thesukRed of test
panel, and the nmeans for introducing gas. In

panel 1206R80s a &yGRMeN 1€Rousiledinkial tRe/ 1380 Vi 4n bSIc ARG extends
that can hold a volune of between about 5 and 200

through 8L walls &fraE ! 9 SISt
ough 1 b AR Rt o0 "PAD B U 12 ARG sl qup Ry TR 155 10
onposj L, on. 080] Test cell. 110 fyrther inclydes a )
conroe QRGP AR SO0 TESL b A RSB IRHACER o
coating of the liquid conmposition fromreservoir 130
The motpy, can Gee gatradledoby %o Haigf agamesitan taviee @ndt eantrolipnA8P through
120. For exanple, as shown in FIG 4, nmeans 150 for
computeradol pémponlysupssaenal campytetnlrf asenvylinder 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 liquid composition can be applied onto test pancl
120 according to a controlled program. For example, the means for applying the liquid
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 time period (i.¢., the “drain” period),

thus allowing for a periodic application of the liquid onto the test panel.
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coating of the liquid conmposition fromreservoir 130
to at least a portion of the surface of test panel
120 includes a cylinder 151 nounted inside reservoir
130 on an axle that extends through the walls of
test cell 110. The axle can be attached via a

[0081] couplSyegns YE) Rifthébinchdes BRAY Rk hedingRtR Hadf 4 20 hath 1&BFerature
be turned on and off to drive the cylinder inside the

controllddeRE5NMRIg o 2 tyﬁg?fggﬁg hﬁ%ﬁ? sfgﬁ g% ﬁl%%%ettgﬁﬂé/at%ﬁ dak Banel 120 are

acqui sit1on de rou

c er -290, caonmonl per sonal conputer. se, . .
known. ¢ OPP K Ehric e Reqril iRm0 B0 it ate 8 Co Sk d 70rioE pEoeiving a
; si de oI he cylinder to facilitate delivery of the '
resistancg hegtey E{ﬁﬂaer@é‘. st hgadine bifcs Hevheleaantysinisr tesgpael when the
156 such as a Viton seal on the axle can be used to -
test pang) i pennted optd Baksstekllt Kéenetallyuhehtiogmposs tL70ms frooned eer test
reservoir. The liquid conposition can be applied onto
panel 120 ead updmrebverlRite 460012 hehtth@meantirolshedd pe ogkaficient length
For exanple, the neans for applying the liquid

so as to GOVROSId bOAbleSo N SshsBtiany! (RP B e duliOof 6 %5‘%& 120. The
panel for a certain tine period (i.e., the "soak"

means fo? %&%{ﬂ% the tte%? P?Jiez ?s &t%ﬁlgﬁn%f?é 4 8({;11@1%@68 E%r}ﬁje?ar alpgggrrtar%i ahd further

eri o arn” peri
includ allomﬁﬁgrfor a periodic application of the liquid
ineludes gpefnp A PEETPE ARt emReratagedf] theiast BRclod hisyp epwymplished by,

i ncl udes neans for heating test panel 120 to a
€., a thergppsepple inssried ine portantacicimoihditesy pansl as dispysercathove. Both the
program Various nmeans for heating test panel 120 are
means fok measuritEothe eorgmphtere helabeng forhasing 7@ @&rpahslcdande operatively
receptacle 172 for receiving a resistance heater 175
attached it6) 2eddi€ deduidifom dbeidt a8 hREHer1380. Wihe Qoﬁﬁ%@%&ﬁtﬁ%t&? can be
e

test panel when the test panel is nounted onto

operativedl € 8dsoSilell -wiffeh @?ﬁ&g%r %%(g @{ﬁlhgged'@ﬂﬂ Sndig S)—t%féj gﬁg&;n %t%r’ and/or

over test pane r cover pra
ficient |length

i neans. 170 shoul d be of s S )
onfoft R Rl AT ing el ao Fyodirs” i ekaplca ey ame! heating
entire surface of test panel 120. The neans for
means MgxARGipde o fempraturgraprerolics v ap @pigt elgorthen fer wkingtning and
_tenperature programand further includes a neans for
controllinge thsudssingd tthmperahpe rastondmgofo thentreied pangdratukhipsgran, a J-
acconplished by, e.g., a thernocouple inserted into

thermocoapleeeapiraah® al voltage doaabligafee| maifiathise Uss 8BIAROUE the heating
Both the neans for neasuring the tenperature and

element. MBRMSst pAhiel RGALE MPatbd € b @5AstRANGhp &AL QRPeHehbE Y different
temperatures depending on the screening method being carried out.

[06082] 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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attached to a data acquisition device and controller
280. The conputer controller can be operatively
associated with a conputer 290 equi pped with

anal og-to-digital converter and/or on/off swtches
for controlling heaters and/or notors. For exanple,

should beRe€ stffRienPRAgh sBQAd B&ver BRAPS aBTBYo hdd€ bkt@mdally the reservoir 130
tenperature-controller with an on/off al gorithm for

of test c&TR 1. 2R Aga @y hgﬁﬂlglrtﬁéé %és?%ofrq§ ar%%f‘dlﬂ%g) 1 g&}r%n%rllgh jélﬁperature

according to a contr nperature progra
r. for

t her oupl e .sensor nd a val tage controll }
program, abef et ReAgs 7 pasehs §o nerst RS AR TRGrngF aldhi Tesqmgir. In a
iestgganer can be heated to a constant tenperature or.
preferred gipberiimeaty thegneas dpy mepeing theispeemtuie of theapemainyilbdirectly
t he screeni ng nethod being carried out. [0082] System
measure YO tehperdiee dinbe Gdecatimgnois compodieat beigg teassel v.oi thelBOk. This
to a tenperature controlled according to a
may be dceomeliied e, for eghmple, Matitiol S ARanferh@fe MeAukiNg means 188 such
' reservoir 130 are also known. For exanple, heating

as a theggléflﬁlpﬂesguﬁégh be It%tsg eaL iigl.gf kilggctg dif29 rgoﬁta%itﬁ@a rlﬁ‘tﬁ‘ﬁ:tating oil

110 i s nobunted, e. means of a co
. agh h ing block.182 into whi.ch a set. Ss¢rew
composifiy} “BRE L E IOART KT el PE 4 et UL 0 BT s o

) recept.acl e, 185 for receiving, . for exanple,. an
beating (B ggter o Fort 68 opr e Eced Eadets dearinBar idschltadicontroller
182. Heating nmeans 180 27 should be of sufficient
280. Themnut@oc@*groﬂgr cuvbe opputibely assaiate] wathtcomputer 290 equipped
substantially the reservoir 130 of test cell 110.
with analbigetoniegind chmvertae and/agot/bE smeshevior Eontfol REC BEAkrD @nd/Or hotors.
controlled tenperature program and further includes

For exantbléTRRRsdrobir NBARI théehs it ihERES BlnMictat@e-doRBolier with an on/off
reservoir. In a preferréd enbodi nent, the means for

algorithngrﬁ?‘;ﬂgatrtiPﬂ%ﬂﬁﬁéﬁxettgﬂB?{?@E?f&% -afeg%lggouﬁf‘e?s%b%oej {.rhd\gzl% !Wl)ltz%giencgntroller

asure enper ure-o I Ca

. 0ll ¢ osjtion ing tested, i.e., the bulk. This

ﬁﬂinmn%ﬁﬁm%ggg%)@ﬁ%ﬁ1%ﬁ@ﬁmﬂ§$e B¥kxanpl e, insertion of a
tenperature neasuring neans 188 such as a )

[0083]  her rpdenpiO cen futber 1aelufe a greagh forjqepbng K@ervolr 130 of test cell
directly contact the lubricating oil conposition.

110. Th@eedlinghreeans aas ifdudare abualitn @f thaghtedpeclatgifies ©d5,t106 and 107
reservoir and neans for heating the reservoir can be

(see FIGdperatively attached to data acquisition device and
controller 280. The conputer controller can be

[0084] OPer &R 11¥0 FRBRE 1AL S hbars IIPHL By it th SAMRRESs to the test
cell. The gas means may preferably include an inlét 140 for introducing 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 supplying 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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wi th anal og-to-digital converter and/or on/off
swtches for controlling heaters and/or notors. For
exanpl e, the reservoir heating nmeans may include a
tenperature-controller with an on/off algorithmfor
mai ntai ni ng the tenperature, a J-thernocoupl e sensor,

of the oxdiding gedlid B@diguahin @k ked cell @hd ABb E’dr@héﬁsﬁﬁnieﬁ%f’&btvﬁﬂﬁsﬁy of
to cell heating elenent. [0083] System 100 can

the hqmﬁ %hﬁ)%gltlbﬁ‘ ¢l éJ d@xe HullEdh %T:sfepsronc 290.1 RAALES ﬁ‘jre%‘fg dﬁOﬁlgrg @own and

cell The cooli'ng neans can | nc

%@%@%@g SRttt Lo 2 R AR5 45
%'for suppl an oxi di_zin as to the tes
Applicatigbieiorgh 6, UM Sy T HOB I AR e coniepin efwhich are

140 for introducing an oxidizing gas, a gas supply
incorporgiap b refersheadreinai ni ng constant flow, and a flow
meter for measuring the flow rate of the oxidizing
[0086] gas. FpHesahplbnFIhes ebodh nehdmatiysihe f E0fedrdr 10vewhich can be
i ncl udes neans 200 for supplying an oxidizing gas

used for @@ﬂnﬁinﬁ% 4 Heo bedﬂ)grt?r&ﬁ avii (Pt%rhyos?tﬁont he ;d g&Hbﬂaﬂy suited

shown in FI _ sys O i ncl udes nean
for deteﬁ?ﬁﬁlﬁga P&A(% zlaea?ﬁ@g){g g c?m? Xgmégsgﬁon rm)ré fepsay 2201’1 :%’I\}%lﬁgaon of
d Means 200 c ||OMIf0r bubbl i.ng . 28 of_ the
the test Lglto ﬁﬁ’egf'é'é (i ot PilefLfg i MO NEQSRe0EiS) P WAl an paggees in

for measurenment of the viscosity of the liquid

viscositye dviprs spediBeallyi irel'1G. t5h ghepmpans 30§ qan de wyest to deg@mine the dynamic
Various neans 200 are known and include, for

viscosityexanpitdiquaincomtositioat Mgane 280 ieclvdes aormpiliary 32(cih @snmunication
those disclosed in U S. Patent Application

with the Redlligaat t@hpd¥ason ZHRBAQ &Y Ffobérdnd] 30S2PRSLABRRLYLB0 plCides a

contents of which are incorporated by reference

restncuoﬂ % AbR- ahpglﬁﬁlls SE%gt(%& V\ﬁgplaesmtﬂlg‘len%ﬂ?&) Gt g?te e%laee'fﬁ%{scand ofa

I an of a neans can

CrOSS secgglﬁrg%gj:b & t8%c%fs¥e agrhg Irtf Hf {heeggr,ltg% ﬁ]f&f Jfl%.%uifb is conveniently
etern1n|ng a change in the flow of 'the test |liquid
selected gy heyggia foph thip clepiatebe. coamenly gnnestle. The cepdlary can also be

liquid over tinme and thus suitable for use in

selected snshsagripgsenitde esiylipdaeal wehiluasicihiaggesaninnlar region between two

coaxial circular cylinders or a narrow slit formed by two narrow walls. Preferably, the
capillary is a capillary tube.

[6087] The capillary 220 is connected by a manifold 210 to a selectable valve 240.
The capillary 220 together 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 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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viscosity. Mre specifically, in FIG 5, the neans
200 can be used to determ ne the dynam c viscosity
of a test liquid conposition. Means 200 includes a
capillary 220 in comrunication wth the test liquid
conposition contained in reservoir 130. The capillary
however32{3 ipfpowthstehaitthe ldeistrol fokdcOtt feprddueitld@ddnreRififlellyFast acting onto
selected to be a suitable length to mtigate end
the cham®Ef €cts and of a cross section suitable to achieve
[am nar flow in the region. The capillary 220 is

conveni ent | sel ed as being a |lon in.circular
ooss) 00 e Shtes, RoORBLE oAb R S 1B 2 ML wsed 1o
sel ected such as to resenble a cylindrical annul us_. )
record thaé‘ﬂﬁ?ifﬁ%al Aresarrgun dhe chagihsh dBEng.e rpasuismeRigsica| The differential
circular cylinders or a narrow slit fornmed by two
pressure regn riwoukplit dor Patef enqalsition ek contagli andaty ai somputing device for
capillary tube. [0087] The capillary 220 is connected
recordatiby ard farthief aladipdlflioho The S€lkbaabiablire\2al ¢an B4Q singldwlve, such as
capillary 220 together with manifold 210 and val ve
for exam@rtG B8l WOy Bai VMR coberBentRr SRESSH FbRRnY QLA Rvith IR gulated
vol ume of 'the chanber can be determ ned enpirically,
pressure %%ﬁglﬁbe% eﬁ&néjéreﬁ%ﬁgrsoﬁf&etfﬂ SndTﬁIeh?r%%uré Nauge 250. In one
oper at’1 oh, ThE CRamer receives a portion of the
. test, liquid which flows thro capi |l ary 220 under
embodimefy hafegylaisddrerurg -S&P?CF@#E@&B%S%B@E@F & oy e offset
capillary system The drivingzgressure can be
by more gz ene sclptetde vabreotd O siehian 24228 Vi owlighk cap tbej ssnormally closed
i mportant that the driving force be reproduci bl e and
electrovabel abd vy FNEstwhich icag bait:o nonhelly haeheelecttd®@B@] wWiecin the
chanber is outfitted with a pressure sensor 250 which

electrovab@B @ bHSenirflled 604 dath@cgliibitieh efvicdl afdf 8SSHUIRr 1780,  The
t he chanber during a neasurenent cycle. The

electrovafliel b @Icted 1o TEREWIE F&@Qﬁﬁfg Me@%‘[ﬁ Qhivdat@ation oc%curring in
acqui sition and control and to a conputing device for
eco&pation and further mani pul ati on. The sel ectabl e
AFVE5240 can be a single valve, such as for exanple
a three way val ve which conveniently can be in )
[0089] ¢ opmtivsstue Sevoniderics 208 FRorserey saig PEssyre gneasticd do aposlectrical
) a second pressure source 270 and the pressure gauge
signal, typE@lly| s voltage enivudtientenapablcher heingl enredript és sudigital signal for
source 260 and the second pressure source 270 are
processingffys@idata acquisition and controlier device 280. Typically, the electrical signal

fractiona [

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 pressure for example between the chamber and
ambient pressure. The data acquisition and controller device 280 is used to convert the
electrical signals to digital data for further computation with a computer 290, commonly a
personal computer.ﬁ Typically, the conversion is analog to digital conversion. Modules
combining data acquisition device, a control device and a computing device are commercially

available.
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by nore than one sel ectabl e val ve 240 such as 242 EV
| which can be a normally cl osed electroval ve and
244 EV2 which can be a normally open el ectroval ve,
wherein the electrovalves can be controlled by a
data acqui sition device and controller 280. The

[0090] el ectThevabmerd Hresser! fut@MA0pleidee i oahy 6r@stfor inducing a
acting valves, wt h val ve actuation occurri ng In

test liquili"d@ @ﬁ)jwotﬂﬂJug,lﬁ SQ%?I%L? 230088 9heoRhE SIS S ER 9&0119&%&%]?1%55%5@80111706

converts s sure nmeasured to an electric

. Siagnal . typically a. voltage or..current. capable or.
260 is digeifigus, R 9 £ o115+ 5 St PR G Roele bketioigy to create
) by a data acquisition and controller device 280. X
a dﬁf@f@iﬁ{)ﬂi RIGISIIE, WikE 18| armiccand ehagaay as Higt istitlipyd ¢niduced into the
pressure sensor is a direct current voltage, being in
chambert e prafeieed pessiey sowate isol tegnlatefimedanet puesssiegratce @4A, such as a
al so be direct current anperage, neasured in
vacuum Bblikce.anRsguldiig: pf @hs uheuuns 608RE ©an Heeadtsamhlitleed by numerous
measure differential pressure for exanple between the

methods KAaWRSE (RRG. anmbi ent pressure. The data acquisition
and controller device 280 is used to convert the

el ectr] ' I 0.4 gist ta for further
1009112 oo BN e el Dl om o gy g 262

- ter. Typically, t ' ' | t
coupled G sk EPorIRISHLIGL ® SOBRhIAY OPae saike 265, The

acqui sition device, a control device and a conputing _
vacuum @gak isgegalped eamngracicappipt bagidicsshlone vaguony @oloojlecrfde valve 264;
regul ated pressure source 260 provides the notive
typical sétqrotms ber fromdt0imidlitzars toe g0 Inidjibatks bl hdveva ddsirediglecision from
capillary 220 and into the chanber. The regul at ed

about +/QrAEEHE QreAdIEE set3@ntl STHI e @ith tIHkOMSssuf Sale@965 measures the
cycle, it is quickly applied to a predeterm ned

vacuum gleﬁnp Q’h&'ﬁfuxﬁ gm%r%%t SWhén ﬂh%fn%ﬁﬁﬂé iis?é*m%?ﬁ‘l%ﬂ e '118% p.ke%ision, a

ynam c an hanges as the test qui d s 1nduce
i t he chanber. ef er g} r.es e spurce s a
controlle} 25, caicopeio et Wbk G-l RS el PGGllS Gommence
. vacuum source. Regul ation of the vacuum source may be _
operation QI BEN AT BUBY 294 HRT 0FIotek HBE Y RHERTATR Frgulghpn is within
_[0091] In one enbodi ment, the reduced pressure source

the des1rghp1‘egyi;)na Inaa sromlap faghiorG 2f the vacuum tank 1s 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 valve 240
and used to evacuate the test liguid from the capillary 220. The second pressure source 1s
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 selected with reference to the regulated pressure source 260. Typical

parameters are around 0.5 bar (from about 0.1 bar to about 5.0 bar) and around 1.0 liter/hour

{(from 0.1 liter/hr to about 5 liters/hr).



coupled to a vacuumtank 263 equi pped with a vacuum
tank pressure gauge 265. The vacuumtank is
regul ated around a set point by at |east one vacuum
tank sel ectabl e valve 264; typical set points are
from-50 mllibars to -150 mllibars and have a

[0093] desi rSeodd pessitBodrt®nT0 abaUbxidizink #is dol A tha k@Y Mduid can be
the set point. The vacuumtank pressure gauge 265

profiled Fﬁ%?s%ﬁl%f dblffee HACKHERCE To Bﬁgﬁﬁ' e é %&%ﬁ)ﬁéthmg&nd pressure

IS nmeasure’is greater t Cl1 SI on,

ntroller 280 can en vacuum tank sel ectabl e .
source 3"W0® peburg gl B AR Yo C R o s Giogh Tpdest fluid.
vacuum punp_262 for a period of time until the vacuum
Second pragiifeatqueis 74 (i mkrgrpled HEC HssPREFEr i w75 th dugl function of
simlar fashion, if the vacuumtank is a pressure
evacuatipgthe test brmple fiom thesapidldrypanddp sérvn as an geidaitargab source.
i ntroduced into the vacuum tank. [0092] A second
[0094] pr esFiresshuwveen paifial sxploddal edwt of alanifelds?100Mgich inciudes the
sel ectabl e valve 240 and used to evacuate the test

capillary! 320U1 thd EMArDansiaddd 4 ki Qteel HEPRRARIhRERSBM! €hich has a
source is regulated in flow and pressure using

. ' I ' . r ren
wniform SHRRCH SGER MG RARIRLES GhTaRfhimectegat bus o
. ~inhduce .the test. s .e .to evacuate the capill ar )

flat tip 24 Which is sipra o BAEPuG0 S BaONPEH 5P ORERERBEaRG PRy, The size
regul ated pressure source 260. Typical paraneters

and lenggly af Hegipsdleocan hrvariads anepedieaito thelexpaeted dlubpropesieg over the
bar) and around 1.0 liter/hour (fromO.1 liter/hr to

measurerabrgutA. Sitabkearcsdleriy,. foBdxan(0Q 3] 2538 cBridnpf eas We@naow ce@mercial
270 is an oxidizing gas so that the test liquid can

syringe Rdieprppésehied iBYgatios GRRl futhCRaBee 1) kEIRILGACS, W8th the higher
oxi dation. During operation, the second pressure

3 e . i s|

number SR 1 s B i 62 BB S B Sk rlebample the
source 270.i.s.integrated_.i.nto,the operation and

necdle nEOHGE 380 o 4V GG B  dPe B ESRAPNG Lh@a Bagbout 100 mn

) sanple fromthe capillary and to serve as. an )
with an igperdipmgisr g%l Bowr & mmaggbput| & me. shesdiagefssofithg capillary
~expl oded view of manifold 210 which includes the

tube is pregpletied iyapoianFhwitbahd tebtsagpincl udes a stai nl ess
steel hypoderm c needl e 221 which has a uniform

[0095] di anBhesproding@wdrfran Plaetel 2l hswdatdrdier(ilb 2861 Which is used

i >d. One end of needle 221 has a
to connect capillary 220 to viscometer 210. The Luer hub 223 has a flanged head 224 which
commumicates with a connector 225 illustrated by a male/male Luer connector. The other
end of the connector 225 is attached to 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 including the

capillary 220 is fixed by the selection of the components having the internal recesses and

provides a flow path for the test liquid.



flat tip 222 which is subnmersed in the liquid in
reservoir 130 during a neasurenent. The size and
| ength of the needl e can be varied according to the
expected fluid properties over the neasurenent. A
suitable needle is, for exanple, a 25 G 1" long

[0096] Luer FIGonmmuliugenteerai alternayivd ngpillasedinds vpeesenrt edrdngement
gauge si ze such as Gauge 10 to Gauge 33, with the

indicatinB] ﬂt@ﬁfaﬁvé" ERREoF Blhier ROnfi QurhfiShsS Tith&bud) Qﬁﬂaﬁ’a?é . ponnectors and

I'nside di aneter can be selected. For exanp e,

fastenersbglt%\?\fggor‘]ﬂggoﬁen sel e,ffds%bfé)gl[(gq %‘B% L%elr esgdg oﬁmfai;%ﬁ(in connectors,
connectcl Bigbe 9 L1 gg%%% 44’5@“1»”1&? e g%fﬂéﬁeatémoe‘&vs& lpgger imternal

accordance with the test sanple. [0095] The opposing
volume iondetpinga ¢ lasger tiohimo of Hiestest liuichiras eepiisempniteyple3, This larger

which is used to connect capillary 220 to vi sconeter
volume @40 .alsbhertcuard pidveR2dh hAgum Jflthe ged liherldirdndcontintifating non-

communi cates with a connector 225 illustrated by a

wetted aftRb 6f IR \@schiRfer C WRERL R ulariNgesBhbi o afhd c@ﬁtahﬁk@atlon of sample
connector 225 is attached to a sinmlar needle
[

to the regH%gégﬂ?za ﬁltnglosaoﬁ’rceb;Aés%ggl \Aﬁﬂ'ﬁ%gm}m]? eth% l l g%xﬁg VZ}ﬁé}f :Eﬁne the
illustrate The

aches
east one table val.ve,

viscometB} g AEioeR et PN SRS HOP LoD FEATINGH (s G BT could

capillary 220 is fixed by the selection of the '
be a singlsmysh ent sadibiy idigosatde ithits dest ased plegs ambor sprpominstes the

a flow path for the test liquid. 2 3 [0096] FIG 7
componeints. uds nacesnmn ial G:edatami testscthpidxidatipn diyeprodiseo cedteminate the

arrangenment indicating alternative connector nenber

capillary ¢tk lafd bRtdop R&dilNglBah&@ls sui t abl e connectors and
fasteners are known in the art, e.g., Luer |ocks and

[0097] Luer pshids &Fe?redtéfﬁlﬁ%ﬁgmc%@ﬁ@&lt Plfosﬁmspﬁi@@ﬁ&%ﬁe&s@ one outlet
t ubi ng, efc. Connector 225 i n FIG 7 can

190 tor SBRELSAN S0 LR, VA RS RGP0 i capores
iquid infG TSR0 AR (54 TESquob: of i HELTAE! § FERITE PR advantigeously
contam nating non- wetted areas of the vi sconeter. |t

allows forsa peductienliarthy lassspf dighid dering iedsceemingmimetiadorwha¢h can be
particuia;rsijz;l nlELfil for the analysis of volatile liquids. A preferred cooling means is a
condenser.
[0098] Generally, a method for screeping a liquid composition according to the
present mvention involves: |

{(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 about 10 to about 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;



to the regul ated vacuum source. Al so, advantageously,
t he conponents which define the visconeter are

i nexpensive and easily replaced. Thus, for exanple,

t hese conponents could be a single use or readily

di sposable if the test liquid plugs and/or
(bpmtradudiad s lighil coagpnine itis thédesdrsoie offtenest bell;
oxidation tests, the oxidation by-products

(§PtaBAG NS 85&1 ab@Rdihb @ ¥ fikdd ?&%}@ﬁgre%oﬁtrﬁﬂéd ;%;%gféh{;y

cleaned [0097] In one prefer enbodi nment

0, f.u [ t
T e T T T —
i[53 A0 B SURRREL S WM o eservoLl
advant ageously allows for a reduction in the | oss of
() igpdpcehgranyidipae gas sethe igst ek hod, which can be
particularly useful for the anaIyS|s of volatile
(D)i aprilysg sAsyrseingiele dintioohi oopting aofs thesliguid camteni®en. from the
[0098] Cenerally, a nethod for screening a liquid

reservoir@ AP Rasttal ot Arehe tedgpdrel;tahe present invention
|nvolves (a) providing a test cell having a top

; [
&dsﬁﬁn%ﬂl@ oRid30bh SELRRY bi G0 hélnovagfﬁl%glﬂgﬁ

conpr|3| a test pane nounted to a
top rtipn of the.test . ce | e ,of betwee
1009916 5 iy o0y s 1o B ooy nas one
; .test cell a reservoir for. holding the
skilled i) @B@ﬁc‘ﬁél Tﬁ%ji( ilgiynderstang sint the gvenh Hat g ihighy alsmrl&uf%@omposmon
applying the liquid conposition fromthe reservoir :
is used, the reseevottesn hegmeibeated t¢ Bicilitateraddwet wgcauseluid giid, i.c., a liquid

conposition into the reservoir of the test cell; (c)

having ahedtinghgoihheubbst ordaiehamteatdi-ofcicle ®’nfpefsiire of the reservoir, so
tenperature controlled program (d) heating the

that the thASBAIMOlifuid GGARE HRGerkiPe ?cré&ﬁ&%qﬁilefh%ﬁp et WeSreservoir is filled, the
controll ed progfram wherein the test panel Is heated

test panc} Giribe! ms%agy%@%%t%& cemaﬁfogegth qgpgrature of the

troducin I'Ng gas to the
[00100] Eg;i §|r|8§er{%€ q? pfgﬁl)/tla&g 8%‘1)6@ te:lpt?lgl cpwggrfgo goma temperature
controlled program as discussed hereinabove. In one embodiment, a temperature range for
heating the reservoir of the test cell according to a temperature controlled program is in the
range of about 130°C to 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 aboﬁt 170°C can be used.
The heating can be started after the sample liquid 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.
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reservoir to at |east a portion of the test panel;
and (g) neasuring the oxidation stability of the
[ iquid conposition. [0099] First, the reservoir is
filled with the selected Iiquid conposition. As one
skilled in the art will readily understand, in the

[00101] evenln bRkt t@adsighih yxMidaotr hquid compesigas iatdatillyst nSy be used.
used, the reservoir can be pre-heated to facilitate a

For exaﬂlﬂw cHthiSSOMS td Mishdl wWHN 'ﬂ% liqui§- com@oélhgl‘r' ib8ford 8V hG Be liquid
melting point equal to or |ess than

comp031 :%]@{s in E)Ei&éé llﬁ tﬁ? P %i u%esﬁ{ab{e Gl e}ﬁs? %ﬁéfigdes 'a ﬁlgtalﬁ h@)&ldatmn

eria dur Ire screening

hod. .Once t serv0|r is fille test pane
catalyst, g at?@nm%l@a 02 Hﬂeﬁi OMSTHR S $HEE S0 apg AR oo
t he stem [00100] The reservoir of the test cel
[00102] \yj | | tefb pres] wdices beates aerording fp & riamperatwre epntradle egogram
-program as di scussed herei nabove. In one enbodi nent,
discussedah¢retmpboat UFle teapgetiro of tHeaadtipageltwill teddghror than thé tankyerature
test cell according to a tenperature controlled

of the reRFRGH. aAM defieral) thd@mpeAREe rafgeFoOMatiAd Ge 9 paRaus ai%ﬁ@@SODC to
I n anot her enbodi nent, the tenperature range i s about

about 35@)5@Cﬂ1cbrébé}h'$0dgﬁgﬁ gﬂeg ?M%Z 68 ﬁgg%&f“t %m]i%rg%: fangmg from

enperature range i Cto-

[ odiiTent th rat of
sbout 27398 1F i 89% 3 TR E AN B St i amporaure
i éhe isnple i quid conmposition has been |ntroduced

ranging frofp RbpHie28Q B0 abept 3 (G nln erssprefearer cazhpdpmenty & frappegafure of
and then the sanple liquid is introduced therein. O

about 29%6Ueamdhe wsed.hi n the safety limts of operation of the
system the tenperatures can be varied over a w de

[001€3] r ang&ht¢ oxiglifig fdxamanbs acy g4d which $s @babib@f biidisieh thd4est liquid
[00101] In order to assist in oxidizing the liquid

compositfHTBAM T he Nxidiioal &JIMﬁfongayGQﬁ‘er FA c5naRCan @ffective
catal yst can be m xed with t IQUIg‘COHDOSItIOH

amount JEOEE: Ol A b 1R rH iiil@ g@{igfag Wl LA FRAYE SR, pure

Sui I'nc €s a
' met al | i ¢ ,oxi dati o conbi nati o
oxyeen, EPRTD PHAS. SiiuieadioTsari e ghd a‘i’%i‘ii‘%ﬁ]ﬁ‘iw][eég‘l%%]f The
The test panel wi || be heated according to a

oxidizing gasranalsr wehdatadditional gaseyrsash aslingblgagess, e.g., argon, neon, and
her ei nabove. The tenperature of the test panel wll
helium. Beefhiablyesirtihascd iethceraperfat adenntage 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.

[00104] The oxidizing gas may be delivered to the test cell at a constant flow rate.
Typical flow rates of the bxidizing gas range from about 0.5 to about 2 hour, with about 1
I/hour being preferred

[00105] The oxidation of the higuid composition in the test cell 1s performed fqr 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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of the reservoir. In general, the tenperature range
for heating the test panel is about 250C to about
350C. I n one enbodinent, the test panel is heated to
a tenperature ranging from about 275C to about 330C.
In one enbodi nent, the test panel is heated to a

the oxidbhwmpef alieuliquidrangiange fronmahtauls 28akoutd4abowt. 3DClatter time
In one preferred enbodi ment, a tenperature of about

compare® IRford vRd e ekt duPRbA3br TfcaP bkiiaBbm and astefRMcPRsts, which
any gas which is capable of oxidizing the test liquid

can take @%‘1&9&% cffh%ﬂrs%ﬂ%‘éﬁxgﬁé%& oxi dat i on conditions.

neral I'y, any gas containing an effective anount of

oxyg can sed. Representative.ex les of a. .

001061 oY PIHETEe I HERE ek BT ol o g G R i fivering of the
oxi des, nitrogen dioxides, sulfur oxides and the |ike

gas to therdegt plleandion sheyrating pthediguid Rithgyteglaesllcan al so i ncl ude
addi ti onal gases, such as noble gases, e.g., argon,

[00107] neon Geaemlly heepubsranti#lhetmfabl goating of ibs lumeticaspdskten is applied
gas. An advantage of the system and nethod of the

to at leasph @8&1dN of vttt dAel. B haibstahtid B i oWy Sk ARahtS relatively
much smal ler and the test length is relative short,

contiguohE€StaY oH e i d @&ng(?sgtg?cﬁ? %}g)likéﬁ oH¥dporkiGR LA 4. tlg{i%gl":lel awhich is

oxi di zfng gas may b red to the test ce

. .copstant flow rate. Typical. flow fat f .t he. .

ordinarily 3 3rg ek g URHRE <0 s CH BB Sy gpating on
Wi t bout 1 1/hour bein referred [ 00105]. The L

the test Wﬂ%‘?‘f%ﬁ%?“sbh lpywg fiprgthe 3?.% depgl gher being éul%J%%?tto @@ gxidation
is perforned for a specified time. Al though the

cycle, todgvatd gandrally chesigsitdenlored appearhece| saedsdthe entiog surface that is
l[imted, the duration can range from several hours

exposed toths eyt réderabéy Sin this maeneenhe gemaeily, cdmi3tatit talbtednmpbedrance of
35 the oxidation of the liquid can range from about

the coatit® ohQh@RQ¥bard da8WeSrateiNGcb/fideo Ay Bf tHOMRAARS panel rating to
favorably with the test duration for typica

s B 8 1L BEBEAASE i 50 B S8 i 1
one. prefdFd EHERER. (e byl BrPREOT i SOURR EndiFofes g in an
intérmittqu ?ﬁa{nggr, %Ild tngte 111 ia%glilt?m{orl]]s tnlfa%nter? Slt?orceexlaln'ple, a 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 15 seconds of drajniné of the liquid from
the panel (i.c., 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.

[00108] For determination of oxidation stability of the liquid composition, the liquid

composition is analyzed by the means for determining oxidation stability. Various means for
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[00107] Cenerally, a substantially uniform coating of

the liquid conposition is applied to at |east a

portion of the test panel. By "substantially uniform

coating"” is neant a relatively contiguous coating of

the liquid conposition applied on the portion of the
determitiag bxidatiel stabilichartesknoomdindageintillfindlid Gsd¥netric determinations,

thickness, i.e., a uniformthickness. A substantially

infrared WBsdrB4d:-CRALL sﬁﬁ:c@&neﬁﬁ%&%ﬁi?g ggbeﬂgt@ PUANERRRAYRI Y number, and

allows for the test panel, a el ng subject to an

oo OX - -G neral | si stent . .

the fike. RO B i 1 e e PR oG B et g optical
mal ar osed to.the test reservair. In this manner, the :
signal ang RIS ip A SieQp HNSEGIdHedp S SaPRHEE Cotroliche

coating on the test panel can be rated according to
[00109] 5y dP ¢usecabadionany peidation stabiliy tof thdeliguidi eranpdsision in the

det ergency properties of the liquid conposition, as
reservoirdiiec s bulkher ditadehalvby Iperioding ] yomehsering dhe risodkityestt the liquid

the liquid conposition is applied to the test pane

composilitn dring MeebRdLERN berRNNGhe 3REsiROkad Be RAREL BYAMSans of an
manner. For exanple, a substantially uniform coating

o SIS P SRR 0 ol S AR Lo v
rate SR BY gl NI OB B8 2SO0 e

. ,"drain" period). In this manner, the formation of a
hereinabgyfy s { i viseasity canbe sreasuies &t PRy tite dube thmexidatign cycle such as,
uniformthin filmof the liquid conposition on the
for examplgs pngsaavety Tominues. achi eved t hereby sinul ating the
thin filmoxidation and detergency behavior of, for
[00110} exampi @nothéer bubbdiedht, NekiditlonCOIMRS {si @fertiin0BY thd@Buring the
to its bulk behavior. In this manner, both the

inﬁmed abotimee oPHIRPRE hideserRRtallP Qiuﬂﬂ? Knd E)gﬂ%{l%% ?g%?cf Fg’fﬁ@ degree of

l'iquid conposition can be” determ ne

I t ' ' _ OX| jon stability.of the.liquid _
oxidationt  BETPBL R By ALEAHE A% FBE pitrtRod ey byt peak a
1710 the neans for.determ ni.ng oxidation stability. ,

SO\ P fsE e A NI JransieEm ARERFHSPROFGMS 6T (g ﬂolﬁﬂiﬁ%\ﬁsl 48 ipfrared
are known and generally include visconetric
apparatug) e tAs pifatanotaliss plapd. ithe ebkoabrnee peaical, 1 Hhlisan” increases owing to
spectrometry, neasuring the total base or total acid
oxidatiomnefitbe tgst Hguid ak karbonkiecor@énihat fundtichhlagiolpd e padduced. The data
results of the test can be converted to an electrica

can then BS re@pided &l 5 dshigal and transmtted via a signa

transm ssion line to a conputer controller.
[00111} 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
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[00109] In one enbodi nent, oxidation stability of the
liquid conposition in the reservoir, i.e., the bulk,
is determ ned by periodically measuring the viscosity
of the liquid conposition during the oxidation
period. The viscosity can be neasured by neans of an

test cell onill ibsenf\d siafesinl whithais wneaeea tforalpgia raabarptiors wch, Barotilieate glass.
apparatus and nethod disclosed in U S. Patent

The dataRBR ket HeirOdbridilini Lkdtag. Nos. 2008/ 0127717 and _
2008/ 0127718 as di scussed herei nabove. The viscosity

[00112] can be ne ﬁiselflér?&il ?xﬁb@cﬂ%sﬁ‘é e Q:%e'nﬂ% 00608 é[ilcﬁl@&eis Ydtermining the
cycl e such as, or “exanple, once "every 5 mnutes.
sl Sk B SIRESTE oL LR SR Ly o

the liquid periodically during the oxidation period

the standapgepagelyagiag grethasik iafiat the gxidgtipm eyrleiBasonpiyded giknown in the art.
measuring the infrared absorbance of the carbonyl

In one erpakmant, tht1d0 penel-cin bis ratg] be viguallyacdaparing the geanstlycomsistent
infrared spectroneter (e.g. a Bruker IFS 48 infrared

colored @pPB@BAGUS)the Adatiiyl 6lathieabst thakd o Rl Barlard Adn@ BBt RARCGR a CEC
peak at 1710 cm | increases owng to oxidation of

M-02-A-78&old? Sdhalkt! il %s@ﬁ%ﬁﬂ%ﬁézﬁ%@ Bishg ohule thRRal alg)earance,

groups are produ ata can then be recorde

.n_a.dat abase. 0111]. 1n _anot her, enbodi fent
e a rlfle SuBRAVRRERS | PRORF Lo g uRs gkt color, as
.fiber optic prohe having a proxi mal, end and a di st al
known iphg %rﬁ%er RHEEPE thedgstnagpl INEREIgy? Yisiah comBarisog et tieknown
of the test cell. A light source for generating
rating standard as igonerelhe ragpdided pdeathey édsy pangshasi beeadclained arke dried.
optical fiber probe such that said excitation |ight
Alternatipeis s @ftert bicanigh Adde dryomd, i dedositd bt bprehmyvedirftbra the panels and
detection neans is operatively associated with the
weighedOptical fiber means for detecting an em ssion and/or
absorption signal generated fromthe test cell. The
37 test cell wll be Q! E rial which is suitable
for light adsorption, "€.g., borosilicate glass. The
[00113] o AP calBua I PHUILE SoHguTbPrGgoriance withthe
includes determning the detergency properties of )
present ipyraition agiddforn Rps syare epalged: fur ﬁﬁnftsh@cg etorgmgelo the following
according to any of

parameters:

[06114] Test duration: 24 hours

[00115] Panel temperature: 295°C

[00116} Reservoir temperature: 170°C

[00117] | rGas: air

[00118] Gas flow: 1 liter/hour

[060119] Sequential projection: Soak time 5 seconds
[00120] Drain time 15 seconds

[00121] Sample size: 10 ml
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the standard panel rating nethods after the oxidation
cycl e has concluded as known in the art. |n one
enbodi ment, the test panel can be rated by visually
conparing the generally consistent colored
appearance of the coating on the test panel to a

[00122] St andgfé thertdshGvas Ramiplesdiahe ast ?aﬂémas NbAR- Aeirf’edce@ﬂd%e visual
chart and assigning a nunerical value based on the

appeararﬁ@log R APPEAT Iﬁféﬁ%mgleangauto t[é@w e I‘M ec?oﬁ/ ?L YerEM-02-A-

I's the Ilghtest color and a va ue of

S AR R T .

ting standard is generally conducted after
Sajh“hpﬁ@“f@gkgkhhel has been cl eaned and dri ed.
: Alternatively, after cleaning and drying, deposits
can be renoved fron1thé¥ﬂ£h§ﬂs and wei ghed. EXAMPLES -
[00113] ctosed-test—eet—Ho Ai”“*'”ﬂ eondi tions
was prepared—n accordgdgg—dﬂgﬂzLﬁELs 5§L nt
i nvent i orl MeapuresiEnt bi | s| et & Arally2éd |t &0 |ti nes each
accor di ng MeasurpanenoP| owi %t [pdrianelér s: 4900114] Test
dur ati on:| Mdashmurenit 3[ 001 PF |Pdr(el| Denpefdt ure: 295C
[00116] Radeisv@inicnt enper aturien.8L70€7 [[08117] Gas: air

[00118] Gas flTow T Tritler/hour [QUTIY] Sequenti a
proj ectl ch% 580§y L2J§J§L fﬂo()f? aln tine

15 secon 012+~ Sanmpt : 00122
After th iyé%L%mg%mggﬂ iE?%:LPﬁ% tgé* pgﬂe! mas]

softly cleaned and the visual appearance of the

00123] pane t t C8kidati
0023) Bl MBS B8 MSh0 B0 RN Aol Rl R0

cycle. %ﬁ@ i c%gittfsﬁrtan%]& va megﬁrg@ rul§1en§gt theTQ&1nree%¥slcgs§ty measurement

est

apparatus and method as described in U.S. Patent Application Publication Nos.
2008/0127717 and 2008/0127718. The viscosity of ecach test oil was measured at 5 minute
intervals during the oxidation cycle of each test. A graph showing a 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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set forth belowin Table | TABLE 1 G111 GIl2 G113
Gl4 Masurenment 1 9.8 0.2 2.5 5.0 Measurenent 2
9.4 03 2.5 4.9 Measurenent 3 9.9 1.0 2.5 5.0
Measurement 4 9.7 0.8 2.7 5.1 Mean 9.70 0.57 2.55

5.00 Standard deviation 0.2 0.4 0.1 0.1 [001231 In
WHAT BddLAIMAD Bhe viscosity of each test oil was neasured
during the oxidation cycle. The viscosity variation
VB syERRs Hfr%&e@ﬁih?gl Hdfifd QthpdARionl BEQF4EM fgrent
apparatus and nethod as described in U S Patent
Apph i ' ubl i cat | (0127717 . and Ce
2005 5ol R ARl o pREE O G 1 g comerising
asured.at 5 mnute intervals duri ? t he oxidation
atest Pﬂ%’%&? OGPIRenEd & the oRyPorbAn ohBiteRy e Ay el pldiefyyeen about
time vs. viscosity plot for test oils 1 and 2 of
10 to abepgipedepress to SgdmizbniaFpiyie dess celf;q01 243sexnwin for biplding the liquid
above description contains nmany specifics, these
composi@e cirkli ¢8) 8 moednd fonapplymec onsbstaediigumiforint @latiog $f ahe liquid
the invention, but nerely as exenplifications of
composifrefremteéres@bRdd BERLS alfdei ROSf thd ReSKnsKi | 1 ed in the
art will envision many other enbodi ments within the
S L ety j t e
oI 0 R ARmsolh Mol thOs! BURTARPHHER P VR tpRbollg conuol
roram_systemfor screening a liquid conposition, the system
prog ‘conprising: (a) a test cell having a top portion and
aébotton1portionJ the test cell conprising (i) a
t &t 2 gasser Torcheniag) he segRtodagesrding tq aFepBid tempersture control
the test cell at an angle of between about 10 to
programiddut 45 degrees to the horizontal of the test cell

(ii) areservoir for holding the liquid
(d) a means for supplying an oxidizing gas to the test cell.

2. The system of Claim I, 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
compqsition comprises an axle having brushes thercon 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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conposition; and (iii) a neans for applying a
substantially uniformcoating of the liquid

conposition fromthe reservoir, to at |east a portion

of the test panel; (b) a neans for heating the test

panel according to a first tenperature contro
Spridgrsgsiem(«f)Clainieianswhatinitbatrengs fobBedti@g @he/@sérvoir comprises a
according to a second tenperature control program

temperat@RAcdrfiolidr WRANEn f QoS UAR LAY @ nRddhmbNGe IRMpERANBE ana a
test cell. 2. The systemof Claim1, wherein the

.Gl onposition is a lubricating oil conposition

ﬂxﬂnxmé#ﬁ%ﬁéﬁﬁg' conposition. 3. The systemof Cains 1 or

2, wherein the nmeans for applying the liquid

conposition conprises an axle having brushes thereon

and a nmotor operatively connected thereto. 4. The

6syShepysdm afdilaims 19, wheseiaithe mransrdemsipbbiing dat pxidizing gas

the test panel conprises a tenperature-controller
comprisesiat lvxahziog ked supalygapablb mf freintataingt @nsthmgidhend a flow meter for

tenperature, and a thernocouple sensor. 40 5. The

measuringthé H0wahic@f o Bxidizthg pber ei n the nmeans for heating
the reservoir conprises a tenperature-controller

with an on/off algorithmfor maintaining the
tenperature, and a thernocouple sensor. 6. The

system of C.gins 1- erein the ans for suppl yin
R G B 1o raBdha aR Bronmg i [Ephe s
. capabl e of maintaining constant flow, and a flow
compriseg@p @pppgius fnpdedermpngetadieplogival aroacrsr of te ligkidicomppgition, the
gas. 7. The systemof Clains 1-6, wherein the neans
apparatuf opmpugipg i eagilidme haxingi @ fingy egd sandco spoingd esd amith a substantially
apparatus for determ ning a rheol ogi cal property of
uniform diaeter quérth wredqesihédRngihNehe fAHIRME A 4pS sEORP FluRil ddehrBunication
capillary having a first end and a second end with a
with the B4R BHpb&kbY 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
selectable valve 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 liquid composition.

9. A method for screening a liquid composition, the method comprising:
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uni form di aneter over a predeterm ned | ength, the
first end disposed for fluid communication wth the
liquid conposition to be neasured, the second end
attached to a manifold having at |east one
sel ectabl e valve, the capillary together with the
manfaj ptadidingl attest call haemgta wpeporti@l awt abbrongoviton, the test cell
define a chanber of predeterm ned vol une, a regul ated
comprisiBf €D aUe RAIeRovibl Inhdtinked BRPb§Rrtidh dMHLERt EdIBat an angle of
sanple into the capillary and generate a differentia
[ tilze I .at:t ac .
between BRBEE 0 8 ol SPARAERE e AoRAcia e BE PO, TU B8 Hvoir for
. 0,.a.C uting device, .and a secaond essyre. source .
holding {18 e RFEof KBhaPSiHpSSina SR Jupas A nGas (s ik Composition
evacuating the sanple fromthe capillary and
from the gesspyoys tRghs 168 R zi ng gas to the reservoir. 8. The
systemof Clains 1-7, further conprising a neans for
e dbhinitteduding thexdiqiad ¢amposgicabintol thy rsérvohefitheqastaell;
conposition. 9. A nethod for screening a liquid
Conppidating the thiPan@tdestdHenp tifibttenperdturd @ntidlleY hbighbn;
a test cell having a top portion and a bottom
por, ; r S
ooy i 1R e o ko B oD tonlp b B o BBIR] program.
wherein (0 A0l B R B o R bRt PG Frervoies
for, holding the |ubricating oil conposition; and
(i i(p)ingo any gpdigie &S fytherest cplui d conpositi on
fromthe reservoir to the test panel; (b) introducing
t héDl argpliiieg e cwpsaitiallgrnmifmm qoating e dreviaquid ebmphstiore$om the
cell; (c) heating the test panel according to a first
reservoirtte apless b poeicofithotebgehnpl,aad am  (d) heating the
~reservoir according to a second tenperature
conty @bisafing HRAh:dMion WHeLIAY _f HRAiduiPlom@iflonl S heat ed
to a tenperature greater than the tenperature of the
reservoir; (e) introducing an oxidizing gas to the
test cell; (f) applying a substantially uniform

1G9 Plon B plR oo BRTRRE LGa RiGn £ FibHRhing il

.mreasuring the oxidation stability of the liquid
compositg A3 gfiel qoposition.

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

cell at a constant flow rate through the test cell.

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

ranging from about 160°C to about 180°C.

13. The method of Claims 9-12, wherein the liquid composition is applied
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10. The nmethod of Cdaim9, wherein the liquid
conposition is a lubricating oil conposition or a
fuel conposition. 11. The nethod of Clainms 9 or 10,
wherein the oxidizing gas is introduced to the test

. .cell at a constant flow rate through the test cell

intermitteptly fhibe figst howtl.of C ai ms 9-11, wherein the test pane
is heated to a tenperature ranging from about 280C
to about 320C and the reservoir is heated to a
tenperature ranging fromabout 160C to about 180C.

camoer o o s B Wi e SR TR 4 Bl pabitty

conposition is applie
n the,

fthe li T thod of. Clains 9-13 er ej .

of the QA8 Eompdstion AR e Slinaft BheSirt o B Gforiaiton.
i qui d conposition conprises neasuring the viscosity
of the liquid conposition. 15. The method of C ains

9-14, further conprising the step of determ ning the
13et g}%éﬁq‘fyocbpf t(Hainky fulidd ferthep omintpirismg 48 step of determining the

detergency of the liquid composition.
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