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A nmethod for the determ nation of the oxidative
stability of a lubricating fluid Description The
w@e@semssi nvention relates to a nmethod for thePCI/EP2007/056674
determi nation of the oxidative stability of a
lubricating fluid. There are several ASTM engi ne
Sequence tests which nust be run to achi eve passing r
e sults in order to certify candi date engine | ubricant
formul ations to neet APl (Anerican Petrol eum
Institute) and I LSAC (International Lubricant
St andar di zati on and Ap proval Commttee) standards.
These tests are very expensive and tinme consun ng.
Therefore, it is desirable to add | aboratory bench to
the lubricant certification process where possible in

RetFthap dycy dityanaiane! o BRaRl T 3Pufy o B0uhitucil fuia

attenpts to devel op neani ngful tests such as those
cited bel ow. But, none of the follow ng exanpl es have
been utilized in any enddeseriptidbn specificati on. For
exanple, Genn A Mazzamaro, "Using Laboratory Tests
to Predict Oxidation in Today's Engines", Lubricating

Thpbllesenymvent}(%l rel¥fes 18 ARG foR i detekmifl@ish lof BSx@ative stability

special oxi dation test conprising a pre-aging step.
of Oupgentingdbud. s used for the oxidation test of the

| ubri cant. Furthernore, Mazzanaro revi ews vari ous

known bench oxidation tests and then focuses on the

VLT : . : ¢ . . .
LT A EROPL ARLSRER AR RRERER ot
sulfSeguriee & ddrtitytcasdidmasngiay kibaped formul3B8s andechiasPIlidererican

repl aced by the nore severe Seguence IIIF (2001) and
Petrolewp I]bs}mtlttﬁ)eanélv%@%ﬁ]@teg@anonal Lubricant Standardization and Ap-

proval Committee) standards. These tests are very expensive and time consuming.
Therefore, it is desirable to add laboratory bench to the lubricant certification process
where possible in order to control the cost escalation and complexity of new category

development.

There are examples of attempts to develop meaningful tests such as those cited below.

But, none of the following examples have been utilized in any engine oil specification.

For example, Glenn A. Mazzamaro, “Using Laboratory Tests to Predict Oxidation in
Today's Engines”, Lubricating Oil, Vol. 19, No. 6, 2004, p 6-11, describes a special oxi-
dation test comprising a pre-aging step. Oxygen gas is used for the oxidation test of the
lubricant. Furthermore, Mazzamaro reviews various known bench oxidation tests and
then focuses on the 'VIT' (viscosity increase test) referenced in a 1994 publication as a
screening test for Sequence IIIE. The Sequence IIIE test was developed in 1988 and has
been replaced by the more severe Sequence IIIF (2001) and later by the even more se-

vere Sequence IIG (2004). However, the aging according to the Sequence 111G or
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vere Sequence 111G (2004). However, the aging
according to the Sequence I11GorlllGA is not
woresusioessed i n the Mazzamaro docunent. Furt her nBCEEPAS7/056674
nmenti oned above, oxygen gas is used to oxidize the
lubricating fluid. A typicah oxi dation test as
revi ewed by Mazzamaro is nefitioned in S. H Roby,
"Devel opnment of a Bench Test to Predict Oxidative
Vi scosity Thickening in the Sequence |11G Engine
Test", SAE Techni cal Paper Series 2004-01-2985. Oxygen
gas is used for the oxidation test of the |ubricant.
MIGREs RolyerdRasdRNthe NRLSaMAH dBBHhERFriherhise, Afméitiohedvve,
oxi de. Furthernore, the correl ation of the Roby t est
oxygicn Igas KesSkigundies the hérepgienuidest i s poor. The use of
nitrogen oxide gas to determ ne the oxidative
stability of | ubricant conmpo nents is mentioned by
B RREBPHSNRreliMyvbd biPRBaldRFo RoMEhRhe®in SH. Roby, “Devel-
chani sm of the M)S2 fTormati on by MoDTC in the
Oprpﬂés)énc%ndi Ta B Predet Oaolativg VmcosjartThl@edmgnadm Saqomce G

et S0P PSPk ol ol Pt 8 e
oxﬁ?(%at@éﬁﬂqﬂg lubfidaql. ITRR H0%9 %%Eﬁ@éht%eé\ﬁ@-ﬁgntloﬁ%qgé 0¥ nitrogen
M xed Lubrication: SCience and Applications, D
ox@avﬁmmeﬁnoraj the ¢c&uélbiooms)f tht Reby est Buh therffequ@@e)IG Engine Test
. However, the docunments of DeBarros Bouchet and Martin
ISRO&f-ate to the oxi dative degradation of MDTC and
ultimate | oss of friction nodification and thus fue
econony inprovenent. Wile the experinentation
Thertisd ofmetsogentoxalgeyas axddeandse the 'okidativdoytatglits’'of ldHniemtmoinpo-
does not relate to prediction of used oi|l rh
nendy s pesntighedighepars %%caett(%bé?ea\?taarpé Boyglet @bals h@éﬂm of
I )
thecl\(/)llrgr%l %P‘g%tgb%w E?gnl t}gb O{)) getnt:e bf Z:Irl]ﬁJf?' fec{ & 0@(1dat1ve degrada
tio AWk, (20@3) 161 S0P hd J.00 M:IrﬁﬁﬁﬁﬁM&M@ﬁﬁf g a:n, eEffbgt ofis€ida-
tive degradation on the mechanism of friction reduction by MoDTC”, Boundary and
Mixed Lubrication: Science and Applications, D. Dowson et al. (Editors) Elsevier Sci-
ence 2002). However, the documents of DeBarros Bouchet and Martin relate to the oxi-
dative degradation of MoDTC and ultimate loss of friction modification and thus fuel
economy improvement. While the experimentation utilizes nitrogen oxide as a 'blow by
gas', the work does not relate to prediction of used oil rheology either at higher or cold
temperatures nor to Sequence IIIG engine testing. In fact, it relates to a completely dif-
ferent topic, namely fuel economy rather than engine oil robustness as predicted by used
oil rheology. In practical terms this translates to long lubricant life which corresponds to

long drain intervals.

Taking into consideration the prior art, it is an object of this invention to provide a sim-
ple and inexpensive method for the determination of the oxidative stability of a lubricat-

ing fluid. Furthermore, it is an object of the present invention to provide a method for the
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oil rheology. In practical terns this translates to
long lubricant |ife which corresponds to | ong drain
WO niosn¥EBs. Taki ng i nto consideration the pri oOPCHEP2007/056674
is an object of this invention to provide a simple
and i nexpensive nethod for_the determ nation of the
oxi dative stability of a lubricat ing fluid.
Furthernmore, it is an object of the present invention
to provide a nethod for thedeterm nation of the
oxi dative stability of a lubricating fluid so as to
predi ct the rheol ogical results of a Sequence I11G
deteftgihft®ntF3he oxihRRE sABilNEHT 2 RSri@itAE Flulicdo &% bte@idt ke rheologi-
menti oned obj ectives, which can easily be derived or
CMG@WES@béaﬂﬂwOﬁiﬂﬁéemmm¢@ﬁu0tory part, are achi eved by
the nethod for the determ nation of the oxidative
stability of a lubricating fluid according to present

Th&keak Well-as BuRedbex Ehé’[ﬂﬁl hichGtch OBfec@est WRicABANEMIlY Be derived or

accordance with the invention are described in the de
devséapdé fitont thaiimsoduTloey past, hmjaclhoervetﬂ I:m tl@sn@hﬂd fraitheodetegination
ative s |I1t fluid

h d
of i Gy R ek poersine i oeseinine Rt bt o rmstfien
mo@fﬁc&tlﬂﬁls raR! Iﬁ&hg@in 48stdht® with e %%Hﬁ%@re ldbd GEHEDH ME de-

test. The nmethod of the present invention provides a
pemslentpdl@mand | nexpensi ve process to determne the
results of a Sequence I11G Engine test. At the sane
time a nunber of other advantages can be achi eved

Thé Rlefidd rf%f {e dg@hﬁfﬂgthdﬂqofatﬁﬁ Q%QQ%%‘[&MIHQ ¥ D ﬁlbh@é{ﬁ'%tﬂwuﬁ)({]prowdes

Among t hese are: can be perforned |
an medxpéctwdsinyprsmmlt ini utte pretiiegionet Hedhtdogledl ecsuitnof 4 Requence
oxi dati ve st abi of a lubricating fluid needs only

11 (€] %W teshadhe %%%@f the pre@gpll%\gp‘p%pmmﬂega simple and inexpensive

process to determine the results of a Sequence 111G Engine test.

At the same time a number of other advantages can be achieved through the method in

accordance with the invention. Among these are:
The method can be performed in a relatively short time.

The method to determine the oxidative stability of a lubricating fluid needs only a very

small amount of lubricating fluid.

The method according to the present invention is less complex than the Sequence IIIG
engine aging procedure. Consequently, the method can be performed in semi- automated

manner and without highly skilled personnel.

The present invention provides a method for the determination of the oxidative stability

of a lubricating fluid, comprising the steps of:
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The nethod according to the present invention is |ess

conpl ex than the Sequence |11 G engi ne agi ng procedure.
w@Eoonsewpsent |y, the nethod can be perfornmed i n BEDEP2007/056674

aut omat ed manner and wi t hout highly skilled personnel.

The present invention proviges a method for the

determ nation of the oxidative stability of a

| ubricating fluid, conprising the steps of:introducing

a sanple of the lubricating fluid under test in an

reaction cell; introducing catalytic amounts of a

catalyst to the reaction cell; heating the cell to the

int@Yh lAd 1a0AnpRGIehfubh@tfd fltibenieredt edid RectidnWed; and
~ maintaining this tenperature; delivering a gas
introdwping sitplytiospgens af a evalgstaathefcastiongel t hr ough t he

ell. over the course of the reaction;. delivering a gas.
heaiindhe eFhig U @V ioR mestde i baure R e aie tis
tenffofRugh the cell for a specified time; applying and

mai ntal ning a specified vacuumon the reaction cell
delpietiogvi gas comeprisingtoxygent @ coesatt foor rate hpeigh fihieetllt dvieethe course
fneasur.in_g the viscosity of the oxidized | ubricating
of fIF §§3§!%he reaction cell used to determine the

delR¥4iRL b¥EonRRidgl didoh difgdd Mbr dongbht b bt GhrduzhKROVN for a
in the art. These cells can be made of any materi al
speb#iedginet abl e under the test conditions. Useful

terials are e.dg. ss, special plastics, netals, or
apnlying pib@ainGyieg & gps&%ﬂmaewgf Py therrpaetigy el on col i
11 b REHi W fic@%iiating or stirring the
o BRfi L b pdTE Pl oGl
measuring the viscosity of the oxidized lubricating fluid.

The reaction cell used to determine the oxidative stability of the lubricating fluid is
known in the art. These cells can be made of any material being stable under the test
conditions. Useful materials are e.g. glass, special plastics, metals, or stainless steel. Ad-
ditionally, the oxidation cell is equipped with a means for agitating or stirring the lubri-

cating fluid.

For determination of the oxidative stability of a lubricating fluid, the cell is heated to the
desired reaction temperature for the lubricating fluid. The oxidation temperature can be
selected to achieve the desired oxidative severity. Preferably, the oxidation temperature
is in the range of 140°C to 220°C, more preferably 150 °C to 200°C and most preferably
160°C to 180°C. According to a preferred embodiment, an oxidation temperature of
about 170°C can be used. The heating can be started after the sample has been intro-

duced into the reaction cell.

According to a preferred embodiment of the present invention, the heating of the cell can

be performed under a reduced pressure. The reduced pressure can be applied before
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For determ nation of the oxidative stability of a
lubricating fluid, the cell is heated to the desired

WO e@shiss4 t enperature for the lubricating fl ui BCT/EP®07/056674
oxi dation tenperature can be selected to achieve the
desired oxidative severity;SRreferany, t he oxi dation
tenperature is in the range”of 1400C to 2200C, nore
preferably 150 OC to 2000C and nost preferably 1600C
to 1800C. According to a preferred enbodi nent, an
oxi dation tenperature of about 1700C can be used. The
heating can be started after the sanple has been

and/6\t du@ildGRIhdalih® HrbRrabBaeiel roflucee Ipkessi &00.0IMIBA 610le, more
preferred enbodi nent of the present invention, t he

prefrsehly AG8ANIPa pelesse Wccerdmglie apeeltwedembediaient, therrediise@ gressure

s B R oo e B e B BF aPRE P 6 857t0 0.004 wpa

andﬁ@é{%ﬁ&eﬁbl%ﬂﬁwletol(ﬁo& MphPa or less, nore preferably
MPa of |ess. According to a preferred enbodi nent ,

the reduced pressure is in the range of 0.05 to 0.07

MPa, nor. referably in the range.of 0,057 to 0.064
In e Wrr bt B arlishy 6 aieh SR GRoes! e (hR el Pgan be
mitdd vQﬂi t‘ﬂle %nt:ﬁﬁg IRt iGsafdp id mtﬁ‘)dﬁ@écﬁhﬂ% reﬁ&ﬂ)nt&ll Pref-

used. E. . g., the catalyst can be m xed
erabb’bthreccaﬂalysgcdnhpnsds befetil.e.¢4. tepzanpdre Ins prﬁfterreaﬂ ambddment iron

the re ct on cell. Pref er at al yst conpri ses

ferrgoppe s fhe desiged @LphyLRs 1Y 10 l?hl%hawg Aad Bl R oBSHI S
iron ferrocene is the desired catalyst as it is a
soluble liquid and netal from engi ne wear. Preferably,

Pretfd‘tﬁzbl@,rthel Hlﬂnomit df e nﬁethhéataiﬁdt ahrysd indheirdnge bS5 td‘l@S ppmgmore

of 5t re preferably in the r e
prefssHRly Bla%le &g | rrbﬁ% 2P gpay baverl gt iotal W@l%laﬁfﬂ%é srlepl@éo Jasz pxi-

dmg%zed The nethod of the present invention includes a
Step of delivering a gas conprising oxy

The method of the present invention includes a step of delivering a gas comprising oxy-
gen at constant flow rate through the cell over the course of the reaction. Usually every
gas comprising an effective amount of oxygen can be used. According to a preferred em-
bodiment of the present invention, a gas comprising at least 5 % by volume, more pref-
erably at least 10 % by volume of oxygen is used. Preferably, the oxygen containing gas
comprises 15 to 30 % by volume, more preferably 20 to 22 % by volume oxygen. Fur-
thermore, the oxygen containing gas can comprise additional gases, like inert gases, e.g.
nitrogen (N) and noble gases, e.g. argon, neon, helium. Preferably, dry air can be used

as an oxygen containing gas.

The oxygen containing gas is delivered to the cell at a constant flow rate. Constant flow
rate means that the amount of oxygen containing gas in the oxidation cell is kept essen-
tially at a constant value over the course of the reaction. However, small changes having

no significant influence to the test result should be included to the meaning of the expres-



10

15

20

25

gen at constant flow rate through the cell over the

course of the reaction. Usually every gas conpri sing
w@nooshizmses i ve anmount of oxygen can be used. ACBOT/EPI0G7/056674

to a preferred em bodi nent of the present invention, a

gas conprising at least 5 %by volunme, nore pref

erably at least 10 % by vol e of oxygen is used.

Preferably, the oxygen containing gas conprises 15 to

30 % by volunme, nore preferably 20 to 22 % by vol une

oxygen. Fur thernore, the oxygen containing gas can

conprise additional gases, like inert gases, e.g.

siofFédre@anfl¢WalteaPiefiablye thg arRsrato the 8% @RA coM@Mihg gas is in the
helium Preferably, dry air can be used as an oxygen

range At &3 thiordsft Ogaidlilitery peronipgen motsnpralcrabhy | gt 308 mdilitere pergnin-

to,the cell .at.a,consta | o at.e. Constant fl ow
e e B ke PR T80 bF TS U EReT ot A g iibopne
reabiiéh, Bxdcd Jhia0Ba@Rhlcell SolsBRlor@sSAN IMédl |y at a constant

val ue over the course of the reaction. However, snall

changes having no significant influence to the test

resul t shoul e.included to.the neaning .of the . . .
Acigiada o BefSh b presra.n<aian. » s GpEPaETy ndRen fiogide i
delg_vg%e% #h cbigaraeR G RRuBH MeN@11985a {pcifiRd LR b %P&ﬁd@ag yigor-

to 240 mlliliters per mnute, nore preferably
ous gas@@0 omidation catelyst. ke gav conpirisingmaragen diqurdef @ngiokss profera-
the ran of 1180 to 190 milliliters per mnute
blyyoh RaitigHb BY il reere ﬁ%?ﬁﬁ%ége@ by vt eneror o dompye preferably
90 YPbHEiLl odAGttniddodoh (i xia &G 80 e 0 ifled MANTEL RASL Ofhat nitro-
the present 1 nvention, a gas conprising nitrogen
gerddioxidel & ussaldehicyeitieduatwith congirant nittogen oxtieatde:giggh There-

the cell for a specified tinme to provide a vigor ous, .
forgy pdsosuPERAPHALS B e £ Ystdded i ths geactigngelf- diuggermore, the ni-

B L
gerlONL$ aifit eS¢ aley, <A abedaynswei BliunOr nore nitrogen

di oxi de. The person skilled in the art knows that
nitro

The gas comprising nitrogen dioxide is delivered after heat up and then continues
through the remaining heating of the reaction cell at the reaction temperature for a speci-
fied time. ‘Remaining heating’ means that the cell has reached the reaction temperature
and is maintained at the desired temperature. Preferably, the oxidation cell reaches the

oxidation temperature within 45 minutes, more preferably within 30 minutes.

In order to oxidize the lubricating fluid to determine the fluid’s oxidative stability, a gas
comprising nitrogen dioxide gas is delivered to the cell at a constant flow rate. Constant
flow rate means that the amount of nitrogen dioxide containing gas in the oxidation cell
is kept essentially at a constant value for a specified time. However, small changes hav-
ing no significant influence to the test result should be included to the meaning of the ex-
pression “constant flow rate”. Preferably, the flow rate of the gas comprising nitrogen

dioxide is in the range of 0.14 to 0.2 milliliters per hour, more preferably in the range of
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gen dioxide is usually in equilibriumwith a mxture

of nitrogen oxide and oxygen. There fore, also an
wa@pmsogssat e m xture can be added to the react PONERBOT/056674

Furthernore, the n i trogen dioxide containing gas can

conpri se additi onal gases,_éike I nert gases, e.g.

nitro gen (N2) and nobl e gases, e.g. argon, neon,

hel ium The gas conprising nitrogen dioxide is

delivered after heat up and then continues through the

remai ni ng heating of the reaction cell at the reaction

tenperature for a speci fied time. 'Remaining heating
0.158& 09 strhidflitdri Beraut, Bag&l srearesbrt &l voRREd dQbout 1 liter. The gas

tenperature and is maintained at the desired
Comermlatrgg@ digxidg érdabvc;red foti@ sm@lfa@ttlrm] Peelbtablyethelsperified

dati t { { t
timi T BF b e rieh i B e P28 3paurs
motdhReicely Hohé lratﬂg@i of 8 t&1e% BEUTS RED MR bbb Binaké Skt ¥e11 to
stability, a gas conprising nitrogen dioxXide gas is

13 Hewrsvered to the cell at a constant flow rate.
Constant flow rate neans that the anmount of nitrogen
di oxi de containing gas in the oxidation cell is kept

Pre?e?§lﬁ9tth@ kdnt a"fﬁouﬁt SONEEAMN didalUSas Rlivéred REGL fiRbof belEis in the
However, small changes hav ing no significant

ranga bl O 6Bt ® Oﬂ)@embbmr grazs uf the dtwichighgduiil nodregpecietablytin ¢he

ssion "constant flaow rate".
rangy gf @P@%@ to{br{w?f‘aw Paf FaBro %%aﬂes?ﬂﬁﬂr- si ng
nitrogen dioxide is in the range of 0.14 to 0.2
milliliters per hour, nore preferably in the range
Pre®drblaht @tdl.ab®um i difrogeardoids ddlivared tb dradacoion &cll is in the

reaction cell volune of about 1 liter. The ? S )
rans% RpPildP Ag hy trcsgfbrmercakg@blys)- 4 § \/@mye@ ngpre preferably in

theiglfg,cel d 1‘%9 2“%% ot é}ﬁf SlaARbY préfﬁ%b?ﬂﬁ G ﬂaﬁgeo& %] 95 % b

conprising nitrogen xide 1s

weighﬁ‘ba’sadil ge th:ﬁ‘ tofal mo&a JTOUbEiSatingOlR] 40 rﬂeef eabl theitestt h e
range of 8 to 15 hours and nore preferably in the

range of 11 to 13 hours.

According to a preferred embodiment of the present invention, the delivering of the gas
to the cell can be performed under a reduced pressure. Preferably, the reduced pressure
is 0.1 MPa or less, more preferably 0.08 MPa or less. According to a preferred embodi-
ment, the reduced pressure is in the range of 0.05 to 0.07 MPa, more preferably in the

range of 0.057 to 0.064 MPa and most preferably 0.061 to 0.063 MPa.

The gas comprising nitrogen dioxide and the oxygen containing gas can be provided
separately or as a mixture to the reaction cell. Preferably, both gases are mixed in order

to achieve a good distribution of the nitrogen dioxide containing gas.

The present method includes a step of applying and maintaining a specified vacuum on
the reaction cell. Therefore, the oxidation reaction is performed under a reduced pres-

sure. Preferably, the reduced pressure is 0.1 MPa or less, more preferably 0.08 MPa or
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Preferably, the total anmount of nitrogen di oxi de gas

delivered to the reaction cell is in the range of
wWO208483580 0. 0063 nol per gram of the | ubricatP@DEP2007/056674

fluid, nore preferably in the range of 0.004697 to

0. 00564 nol per gram of the,lubricating fluid.

Preferably, the total amount” of nitrogen dioxide

delivered to the reaction cell is in the range of 0.1

to 5 % by weight, nore preferably 0.5 to 3 % by

wei ght, nore preferably in the range of 1 to 2 % by

wei ght, and nore preferably in the range of 1.4 to 1.5

les9oAX¥ ot Bta RaRaEd BbbdifichQ iR re@ided PresQfre idiRthCAhbOGF 0.05
fluid at the start of the test. According to a

to hPeMla; awprepiseatitie m thefanghef 9106 énb.0pH Mt dndrmost peeferably

liveri of the gas to the cell can be perforned
Oogﬁgéﬁﬁgéﬁﬁﬁhced pressure. Preferably, the reduced

pressure is 0.1 MPa or less, nore preferably 0.08 MPa
or less. According to a preferred enbodi nent, the
Astoadhiogly, e esgine epératidnreat fhe nrivmegked bf applPmg tageducdd piBsyre.

bly . in th f_.0.057 t . 0. MPa .and
Suffouth Bt siedanie by ot Biges. ey B s g
yedlid 908D S8 bR IARCAIRE HHBEDSRANIRIE NG, Gafe FRRcAfe

provi ded separately or "as a mxture to the reaction
fluidehdt.is Ehraedeelrtalho/gnghet hhagas es tharead wf Ked O0rhoor Sequehce 111G pro-

chi eve a good distributiaon of the nitrogen dioxide.
Ce@w@y 30 O %ﬁﬂ%@?rﬁ%@g %fndnremﬁ@a in) the chefas @eﬂﬁﬁnt&mn—
tioR R4 ¥rfl 206h.TAY A 30921 Pt ALBREGhE B AARKYI A0 HcNRquence
reaction cell. herefore, the oxrdation action |

M@ eotoNweahertdach axidatdeweddifoeiag procedurPirethe hatricynt tedimg arca

reduced pressure is 0.1 MPa or | ess, nore preferably
usey a0geuysa ajt Pe.UCT beseh PEIdARY Y Rosrdyretaddupbca s AP R L the
L e A I R

forMReparsuah sickiRd ipefer ably 0.061 to 0.063 MPa.

The present inventors have surprisingly found that the less viscous, volatile components
have an unfavorable effect with regard to the duplication of the rheology of used oil from

the Sequence I1IG engine procedure.

The oxidation of the lubricating fluid in the reaction cell is performed for a specified
time. Preferably, the specified time is in the range of 30 to 50 hours, more preferably 38
to 42 hours.

Preferably, the lubricating fluid can be stirred and/or agitated during the delivering of the
gases to the reaction cell and/or the heating of the lubricating fluid in the oxidation cell

and the application of vacuum.
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Ast oni shingly, the engine operation can be m m cked by
applying a reduced pressure. Such step is not

wGenggesised by any other prior art. SurprisinglpCT/BP2007/056674
detail ed analysis r e vealed that the Sequence 111G
actually volatilizes about_40 to 50 % of the
lubricating fluid that is charged to the engi ne. That
is, at the end of the 100 hour Sequence 111G pro
cedure only 50 to 60% of the lubricating fluid remains
in the engine. The present invention also renoves
about 40 to 50% of the lubricating fluid charge just

In @8t fdelcReARNEE okilhtfvedamsity Dothethiteicad@nGiid Otk UREIWS of the
condi tioning procedure in the lubricant testing area

oxidized h@rllv%tmgdhmbﬁdnmured Hueferbhe hedWing&otarg Visscositielrthe lubri-
d o
co bR B R MO P SHPL SRR T o

of thelutRh@HERAREmERUrddNBc RIS W ASKIM Deshs! "Fh&sﬁ%@‘h&ﬂ&glca{[ Reop-

present inventors have surprisingly found that the
erticesan be measusd betirannd aftar dipondatios haasbesngerforhed, Brefbrably, the

ef f ect re t he lication.of the rheol o
b Gl b O oe et e Bt R iR e SR stdagrE Tine
gas&‘ Qloﬁg( We@tal dﬁﬂﬂ}%{ att tH@ spedfcig ff)é}gtufel Hider {fz@uﬁllﬂein RaGLIRA
I's perforned for a speci tinme. Preferably,
celt IThe speicatiniggthid ohteined af the theof hngeidafiorBRattmnxhdholatibization

noy .e ef er bI 38 .t0,42 hours ref er
perfqdgp Pg%?‘{%i?a aigighd Béﬂg%qn.grfk%f AHdP8 Yaéﬁﬁé%r@& induced by
the%{ aﬂgn glﬁkg %HiZ\éﬁ&eﬂa%?\r/{gfvo‘%l%ﬁﬁ?F@%H %a ﬁtﬂfr i 5l<ﬂgmat1c vis-
cosﬁthéugh)er thatpeeureebdchand0thef thp ﬂllhrmaﬁngoﬂmd)ﬁs degegtnived] N

order to determ ne the oxidative stability of the

lubricating fluid, the viscosity of the oxidized

Thw{ﬂog%? 't%a) %Jegic %gélt oS ggﬁ%ﬁeﬂfiﬁ bR%Nysit Bfall kinds of Tubri-

cating fluids. These fluids include engine lubricants in particular but might also include
other functional fluids such as transmission fluids or even hydraulic fluids. These fluids
are well known in the art and are described, e.g., in Ullmann's Encyclopedia of Industrial
Chemistry, 5th Edition on CD-ROM, 1997, e.g. under the entry "lubricants and related

products.”

Preferred lubricant fluids are classified by the American Petroleum Institute (API), by the
Society of Automotive Engineers (SAE) and by the International Lubricant Standardiza-
tion and Approval Committee (ILSAC).

Lubricant base stocks are categorized into five groups by the API. Motor oils are further
categorized by their API service class. The API service classes have two general classifi-
cations: S for Service (typical passenger cars and light trucks using gasoline engines) and
C for commercial applications (typical diesel equipment). The latest API service standard

designation is SM for gasoline engines.



10

15

20

25

cating fluid is neasured according to ASTM D 4684 and
the kinematic viscosity at 400C of the lubricating
wo baosa43ss4 neasured according to ASTM D 445. TheBGEEP2007/056674

rheol ogi cal properties can be neasured before and
after the oxidation has beep, performed. Preferably,
the lubricating fluid is oxidized by delivery of the
ni trogen di oxi de and oxygen cont ai ni ng gases al ong
with a catal yst at the specified tenperature under
vacuumin the reaction cell. The lubricating fluid
obtai ned at the end of the oxidation reaction and

vol atilization period is considered as the oxidized

| ubricating fluid. Preferably, the change i nduced by

The htcsbstpartard agvordinl ollaid, iGat ivas appronging 098 oBha §eqaence

mEIEN e SRR PRE SRaliaiy TR hewe
poW&t 8600 HRd and NS0 eSiNRehREath R FoPTRSIRESs. TRY €t {sAUNvieRNinREfive
performéd in the analysis of all kinds of |ubri cating

20 howrisdgmenThessd (pllayadisbyi saviplidg engi ne | ubricants in
particul ar but m ght also include other functiona
fluids such as transm ssion fluids or even hydraulic

Th% Kedfce Igfﬁﬁ endiddditels @fnBeRll sIROWRd VA %eﬁt%sﬁtio%[‘gil bt

escribed, e.g., in Ulnmnn"s Encycl opedia o
sunhpichns dnd @lginChesar:sindyoil thickerkioh 4ti40rf CoiK \ODF ROMrmd8Othe Sequence
.g. under the entry "lupricants and.related .
IGA diigicthe dﬁ?@m@?ﬁlwﬁ%ﬁwkwg i RN & fcEPETA4LEE of praginal
I G) , . . . . . _
SARABRIATER SE0 Bt YT HIEMI MG sty iscosts i

crehsetae HOAT isolbdl % LTy losaninpStame aischiszg of theragaddil Apdaetamaled ac-

Conm ttee é;LSAC . Lubricant base stocks are
cordgedg A TP #oitdMRY el Tyl b s MEViHe ! xprosityind dhe qydjof test
e ' DeiorAR L CRi
s 0 RS R AR P BB A e
tinent reference is ASTM D4485-03a “Standard Specification for Performance of Engine

Oils”.

The Sequence H1G test is about 50% more difficult than the previous IIIF test, used in
GF-3 and API SL oils (see e.g. D. McFall, Lubes and Greases Magazine, January 2005,
p. 2.3). The Sequence IIIF test is described in ASTM D 6984-5a, "Standard Test method

for valuation of Automotive Engine Oils in the Sequence IIIF, Spark-Ignition Engine".

Preferred lubricating fluids comprise at least a mineral oil and/or a synthetic oil and/or a

biologically sourced oil.

Mineral oils are well known in the art and commercially available. They are in general
obtained from petroleum or crude oil by distillation and/or refining and optionally addi-
tional purification and processing methods, especially the higher-boiling fractions of

crude oil or petroleum fall under the concept of mineral oil. In general, the boiling point
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cations: S for Service (typical passenger cars and

i ght trucks using gasoline engines) and C for
weormsmsssal applications (typical diesel equi ppenEP2007/056674

The | atest APl service standard designation is SMfor

gasol i ne engines.4 0 The Iaf est standard according to

| LSAC, GF-4 was approved in 5004 The Sequence 111G

i nvol ves running a 1996/ 1997 V-6 GM 3800 CC Series |

engi ne 3 at 125 horse power, 3600 rpm and 1500C oi

tenperature for 100 hours. The test is divided into

five 20 hour segnents each foll owed by sanpling. The

of B8 AUB&EKoil isihighet tah 206, PRITE 619 MeEHeNiHAE 360 @e5@0cPa. Prepa-
varni sh deposition, oil con sunption, and engine wear,

ratighdy dow tqmlﬁeéaéemudmjlllatlomo;f Dale(eRgokimuPE e mﬁdmﬁ@twn of lg-

L1 |
it T el LT A S e 8 B isPR P lfesxgigyise
poSibRd erQErablly, e %rﬁé@t‘iﬂﬁeﬂulﬂ MBAed diBrirkid] QNEELHBPI 6 I, 11,

ki nematic viscosity in crease at 400C is 150 % The
and/ow1t empetatueighesescosity of the aged oil is

deternmined ac cording to ASTM D 4684 (MRV TP-1). The

MRV TP-1 viscosity of the end of test sanple nust neet

Bl&l(;ﬁcaﬁl?qw&@d@ﬂkt GnQsole&r@fuc8d 18 19haffe@]s b aﬁ{%’f* in (3for ex-

hi'ghef grade. A per tinent reference is AST
ampEm@nUaWQRSnﬁdpﬁmtalmmﬂoWemaﬁbmﬁbcmnmb@ramnEMQnge(ﬁmexmn—

e Se ence 111G test s ab
pled%lhw 8h’i“iatff’ﬂ’ég’ 1. Hiecprdingly paingip Fl%lt&éfg el?%ﬂ@ﬂﬂ@ ok Atp-

'c gke, Bfa'ng hddSRE 11?1 g@roc%gﬁ’é gn e#ﬁ‘%&% APk, ec JfBin.

zi ne anuary equenc I F~t est
is descrlbed in ASTM D 6984 5a, " Standard Test nmet hod

for valuation of Autonotive Engine Qls in the
Syrgg(atu:éﬁ@équ, pmeng gglgf Ruhsﬁlﬁ?ffsl’ Bq)]ly%ﬁl@q S, orgamc esters like carbox-

ylic esters and phosphate esters; organic ethers like silicone oils and polyalkylene glycol;
and synthetic hydrocarbons, especially polyolefins. They are for the most part somewhat
more expensive than the mineral oils, but they have advantages with regard to perform-
ance. For an explanation reference is made to the 5 API classes of base oil types (API:

American Petroleum Institute).

The lubricating fluid may comprise further additives well known in the art such as viscos-
ity index improvers, antioxidants, anti-wear agents, corrosion inhibitors, detergents, dis-
persants, EP additives, defoamers, friction reducing agents, pour point depressants, dyes,
odorants and/or demulsifiers. These additives are used in conventional amounts. Usually
the lubricating fluids contain 0 to 50 % by weight, preferably 0.1 to 20 % by weight and
more preferably 0.2 to 10 % by weight additives.

A preferred apparatus to perform the present invention comprises a reaction cell, e.g. a
one liter reaction cell, with an integral heating element for containing a sample of the lu-

bricant;
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Preferred lubricating fluids conprise at least a
mneral oil and/or a synthetic oil and/or a
whrasogissal |y sourced oil. Mneral oils are webdT/EPDION056674
in the art and commercially available. They are in
general obtained from petrojJeum or crude oil by
distillation and/or refiniﬁgfand optionally add
tional purification and processing nethods, especially
t he higher-boiling fractions of crude oil or petrol eum
fall under the concept of mneral oil. In general, the
boi ling pointof the mneral oil is higher than 200 0C,
mepisebeheiny thy @heas thaidagioh @mpaituRMIAhPribrifimgpa ration
by | ow tenperature distillation of shale oil, coking
megis fhnmekiegHic luldicent | | ati on of lig nite under excl usion
of ai wel | as hydrogenation of hard coal o
meflps Rt Pebfad F s iPua sy Bt gy ap iy e pstbsurface foed
thrbwprth€adi;ng fluid is based on mineral oil from APl
Goup I, Il, and/or Ill or m xtures of these.
meBisoloo bitdhdiin yitegen dedidsi das acaernatagoflde rgge odwmbe face dred
ra terials of.plant origin (for ex anple jojoba,
ﬂ“?%%%ﬁ%%%f%ﬁﬁﬁgﬁg¥%tgﬁﬁfIomer, and soybean oil) or
me&hY fma{e_dﬁéihg bfbs;&fr@ br @XM Bl £cdr@lahPih Q2B ead E&fétc%g)ih'e)resulting
Accordingly, mneral oils exhibit different anounts of
disalladerat i c, cyclic, branched and |inear hydrocarbons, in

each..case according to origin., Synthetic oils are .
mea%pfgn%q wgsca*agfﬂaﬁe@wwé %%Hygh &S] Le1 fRErocqicg tnihg ubricant;
me%fstcﬁ*n?eakﬁrhﬁ rﬁ@é%&ﬁ)‘cﬁ&i&ﬁ BREEr S and phosphate esters;

organic ethers Tike silicone oils and pol yal kyl ene
meghsyfohcaswing adrebhesliicg biyphed ciardudnke reaspaci al |y

pol yol efins. They are for the nost part sonewhat nore

expensive than the mneral oils, but they have

' t : :
PGSR RS Ay LB PSRl
mabp astudeial stdiyp8StdcAPAL: he AR/ th GariolRahreall @Ubrish s badkittgegland hous-
ing for providing a seal around the agitator shaft; rods to support the head and cell to a

laboratory hood framework and a clamp to connect the cell to the head.

Preferably, the heating means may include a temperature-controller with an on/off algo-
rithm for maintaining reaction temperature; a J-thermocouple sensor; and a voltage con-

troller for maintaining low voltage to cell heating element.

According to a further preferred embodiment, the mixing means may include an electric
motor capable of maintaining constant revolutions per minute; and a stainless steel 45°
pitched blade stirrer, preferably having approximate diameter 65mm, height 30mm,

thickness 1.5mm and preferably attached to a 8mm rod.

The bubbling oxygen gas means may preferably include a gas supply capable of maintain-

ing constant flow; a flow meter for measuring the flow rate of the oxygen containing gas;
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The lubricating fluid may conprise further additives
well known in the art such as viscosity index

WO pso¥¥Ees, anti oxi dants, anti-wear agents, COPCDEPDNT/056674
i nhi bitors, detergents, dispersants, EP additives,
def oanmers, friction reduci ng, agents, pour point
depressants, dyes, odorants and/or denulsifiers. These
additives are used in conventional anounts. Usually
the lubricating fluids contain O to 50 % by wei ght,
preferably 0.1 to 20 % by wei ght and nore preferably
0.2 to 10 % by weight additives. A preferred apparatus

a gﬁ.@dl?ﬁlrgfjﬁrfaf fik@ingrasicnte frot e 6>8/ek 6RAIhiHE $ad ah@a Gl ghoBm-
a one liter reaction cell, with an integral

g.

perhaag fubg pesitipmadtiopettomaicailni ng a sanple of the lu
bri cant; means for heating the cell to the oxidation
terrperature of the lubricant; neans for mxing the

Prof&t81), GRO bubblB RS ook dfésaialalgla@ﬁle@nsqa@ ROINBE b §1a80@AYA&Nube
at a constant flow rate in subsurface feed through the

to wedsure thre dnw rhigrof mumgen dg)xndetandgataudﬁsmtadbmg@gngtvalae to main-
.const? ro rate facefeejq“ﬁqlrou the cell
targ pong @LQBYW é‘&“’cgleﬂ@wx ef%yg%a%? B Hlﬁtg Sure of

the cell at a constant flow rate and col |l ecting the
resulting distillate; neans of introducing catalytic

Acandungtis a pfefﬂmc’ednylmd,imentg)f therreduded rpmssmn @f a tonstdng ﬂow rate and
|.ubric nmeans of suring nitrogen dji.oxide lig

distiiiate, gol t%@gw'm@ %ﬁeﬁ%m%% NUAE &ty B Hefent; Cﬁ%aCb‘V t? ﬁﬁéﬂeve
a chi@ak !ﬂ%@f at’r Qﬁﬁ%&l?ﬁgsu"ré)wﬁh QrcﬁIsF({ E&p a?l%WF R meatsﬁtee the flow

reaction c an I ntegra eati ng el enment
rate of the oxygen containing gas; a stainless steel needle valve to control the flow rate of

the oxygen containing gas; and a condenser of correct size to limit pressure drop and col-

lect distillate and means of recovering the distillate.

Preferably, means for introducing a catalyst may include analytical balance capable of

weighing to the nearest 0.0001 gram.

Measuring nitrogen dioxide liquid means may preferably include a stainless steel ball
valve to vent system when apparatus is disconnected; a stainless steel needle valve to
control the flow of liquid nitrogen dioxide; a graduated glass tube, more preferably a 12
milliliter graduated glass tube; a 3-way plug valve to direct liquid nitrogen dioxide to
tube or nitrogen dioxide gas to cell; and a metering pump to evacuate nitrogen dioxide

from graduated glass tube.

The measuring and controlling elapsed time of the reaction means may preferably include

a sixty hour count down time controller.
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may include a stainless steel flat head with various
t hreaded ports; a packing gland housing for providing
w@2@eal3sss ound the agitator shaft; rods to SuppOT/EP100B056674
head and cell to a |l aboratory hood framework and a
clanp to connect the cell to the head. Preferably, the
heating nmeans may i ncl ude é‘%enperature-controller
with an on/off algo rithmfor naintaining reaction
tenperature; a J-thernocoupl e sensor; and a voltage
controller for maintaining | ow voltage to cell heating
el ement. According to a further preferred enbodi nent,
Thé pRsdtit XivRetiTER0Sid6RY névd ehd B eV c@h @B d foCprfMEQhe ElRPRLY A vis-
of mai ntaining constant revolutions per mnute; and a
cossiyy aF dbtegrined @fgﬂr tasSerjucatrddl (bEagiac &si. rihe Seqynne¢ HiG Fingine test

s R USRS R PPy ot tached Lo a Brm rod.

The bubbl i ng oxygen gas neans may preferably include a
gas supply capable of maintain ing constant flow a
Th¢ tavelateme of fherresmiia o r iSnguanbe IHG dingmattest pfithtthercswysgeithe pre-

ont.ai.nin as;a.gas drying jar for filtering noisture
Smﬁ?ﬁﬂ%?ﬁﬁagwﬁﬁéﬂmggﬁ? ‘ning gas; and a high tem
perature tube positioned to bottom of cell
Preferably, the bubbling nitrogen dioxi de gas neans
Thevayeitivnl isdest@ated mssogriadil ek bubantpte heeithoue intdndirfel towmit
rate of njitrogen di oxide and a stainless stee
thejRycatipp P W&l $EPE nain tain a constant flow of
nitrogen dioxide to the oxygen gas bubbling tube.
According to a preferred enbodi mrent of the reduced
Exgmgsdure at a constant flow rate and distillate
col l ection neans may include a vacuum punp wth
sufficient capacity to achieve a constant flow at

A AERUTSEOPLSIRRLE D QB AR 98| B T B
of 8éwaithiRas 56166 diterpeealiity &l A& vy Latirtalget SRabblion06 akPa
(faé)efvelocity created by a vacuum pressure of 0.061 MPa), once set; the cell has been
reopened. The valve configuration to collect the liquid nitrogen dioxide from the lecture
bottle to the graduated glass tube has been set. The valve configuration has been reset
back to reactor for nitrogen dioxide gas delivery. In a glass beaker 200.0 grams of the
formulated oil as mentioned in the following tables with 15 ppm iron catalyst (Iron ferro-
cene) based on oil weight has been weighted and mixed in beaker. The mix of oil and
catalyst has been charged to the reaction cell, agitation has been started and the reaction
cell has been closed. The cell has been brought to reduced pressure (already set), the air
flow has been adjusted to about 185 milliliters per minute and timer has been set to the
specified reaction time of about 40 hours. The temperature controller has been set to
heat the reaction to 170° Celsius and the nitrogen dioxide feed has been adjusted to de-

liver gas over 12 hours at a flow rate of about 0.16 milliliters per hour. The total weight

of nitrogen dioxide delivered to the cell was 2.886 grams (1.443 % by weight).



t he oxygen contai ning gas; and a condenser of correct

size tolimt pressure drop and co | lect distillate
wapahsoesss of recovering the distillate. PrefepebER2007/056674

means for introducing a catal yst may include

anal yti cal bal ance capabl e gof weighing to the nearest

0. 0001 gram Measuring nitrogen dioxide |iquid neans

may preferably include a stainless steel ball valve to

vent system when apparatus is disconnected; a

stainl ess steel needle valve to control the flow of

liquid nitrogen dioxide; a graduated glass tube, nore
Th@fe@tf REAR| of AT Rufdrbhde iRI438! aRaideB4gh@f@niidted in fhe follow-

| ug valve to direct Iqu|d nitrogen dioxide to

H@ﬂdﬁ@fbg I amdtllogen di oxi de gas to cell; and a metering

punp to evacuate nitrogen dioxide fron1graduated gl ass

tube. The neasuring and controlling el apsed tine of
TablB@ I eactbRPariRaRs MRY TH- efBEGR Yind Rediekeic 3is8bsilinddOME @

count down tine controller.The present invention

pr 0¢0°desCelsinewoanitic |Sn6y®m:¢ IHaG wed helbratorypReagiartAgeddils

Aft+ Ay +he

‘é'éEUZEZe' i'| f G hSTNEONA3E SeauacaliGdEs | 1 G Engi ne

Test KTOW o} g% (] Norp- S
The cor r at i ons )f} Slrl]gecgﬁ surcgégﬁg@‘ﬁ)o >e1\</qﬂl}ence I(YSI’ gh/Vlscos
Engi ne test with {he resulCekiwf the pre sent st bpd
are astonishi nnl \ nnnd The inventionlis jillustrated
in moreldetail below by ex&le 1, mﬁthout ih@éﬁﬂ?@@
ta |l i+ +ha oy ht 1 ~An + ~ + h~t Exrarnnl ~ 1
g LI CIre 1 IIVC Itl \U AN U C/\(AIIHI . AUl
cl osed feaction cell for o%) gat ive condl tion 'gozla{gso@éen
prepal 651' by settifig—the VCbl_)bl ty No/19.000

4 94.8 No/19,300

5 99.4 No /20,500

6 104.7 No/ 20,500

7 109.5 No/23,700

8 115.1 No /30,400

ASTM Qil 438 Laboratory Reactor

Sample % Viscosity Increase @ | MRV TP-1Ys, Pa/ Viscos-
40° Celsius ity, cP
1 74.0 No/16,570
2 101.0 No/14,100
3 109.0 No/21,120
4 113.0 No/26,400
5 127.0 No /30,000
6 133.0 No0/29,800
7 152.0 No/27,300




of flowto about 56.66 liter per mnute at a given
vacuum target of about 0.061 MPa (face velocity

wee@anedsby a vacuum pressure of 0.061 MPa), OPCEEBBIT/056674

the cell has been reopened. The valve configuration to
collect the liquid nitrogen, dioxide fromthe |ecture
bottle to the graduated gl a %s tube has been set. The
val ve configuration has been reset back to reactor for
ni trogen di oxi de gas delivery. In a glass beaker 200.0
grans of the fornulated oil as nmentioned in the
followng tables with 15 ppmiron catalyst (Iron
ferrocene) based on oil weight has been weighted and

m xed in beaker. The m x of oil and catal yst has been

Talp &l ged EomparesonedMRYAPe bViscosiyiand Kingmatia yispesely increase @

been c

el 10 Bt PR AR Rb e Bl cnf R araERn R ORET Ak s

set), the arr TAQM@%4@5%@q@&ic9§ﬁ@%ﬂg?n@bout 185
milliliters per mnute and tiner een set to the

speci $Samepler eact i on % Vilseosify labxase @}ﬂholMRV TPa Ys, Pa/ Viscos-
tenperature controller has been set t¢ heat the
reaction to 170 Cglsius ak@isie ni trogen di oxile P eed

has—beepr adjusted|to de 11 gas oveln 12— h t
flow rate of aboul 0.16 m' Vélgi liters per %S?hg’goa

total weight of njtrogen digg) de delivyered testihe, @el |
was 2 886 granms (] 443 % by weight) The test results

of ASTM Reference|Q |'s 438(72435 and 434 are Yesdt#SARd

|n fhnfnlln\l\llnm fahlncl H anrllll Tab!nl

Corrparl‘éon of I\/RV TP-1 vi s]&éQ ty and Ki nerrat\y‘?:gl/m. 900

Vi STOSI y TTICI easy 40 bel fromrte oequ
and Lab%ratory React or Agec%ia | sTabl el I: C?%%g’?qdéide

of MRV gP-1 viscosity and Romenmati c ViScosi tygs) Des@ase
40 Celsius fromthe Sequence 111G andllaboratory

React or7Aged Ols I'abl e I I279©onpari son of I\/ﬁvsl‘P-FPOWOO

Mool H H aac 40 Cal

nda 1 P
fromt h%ySequence ‘I I1G andﬁ)lé;)oorgt ory React 3?38//?6@000‘0

atsCTaims L. {“A@PMQ?an?&fL%H@ra g?gi’;'ltl on of the

oxi dative stabilit ricat luid, com
Sample % Viscosity Increase @ MRYV TP-1 Ys, Pa/ Viscos-
40° Celsius ity, cP
1 185.0 Yes /99,300
2 226.0 Yes/83,500
3 256.0 Yes/182,800
4 310.0 Yes /85,400




prising the steps of: introducing a sanple of the
lubricating fluid under test in an reaction cell;

WO niosoaised ng catal yti c anounts of a catal yst tBCT/EB2007/056674
reaction cell; heating the cell to the oxidation
tenperature of the lubricatjng fluid and maintaining
this tenperature; delivering a gas conprising oxygen
at constant flow rate through the cell over the course
of the reaction; delivering a gas conprising nitrogen
di oxi de at a constant flow rate through the cell for a
specified tinme; applying and nmai ntai ning a specified

Tabl@eum oQofPidofd¢ MRV TPel Viscadlity @l Rehdhiisic Rissdsity endréise @

react for a specified time, measuring the viscosity of

t hed®xi di-elsigs fraby the &equegcd 111 @nd Raborperynedstd Aged Oils

is in the range Vi 9l i34 Seauesp BICENS e, 1ot hod

accorﬁl{g el0 clal m/}t\@gcoﬁtﬁ’ltﬁ@fe%k@@m | MRY TPy PH?Viscos—

for a ng the mxture to react 1s iln the range o

30 to 50 hours. 4] The nmeCeBibisaccordi ng to at itypaBt
one of the preceding clains wherein the nitrogen

di oxidelflowis ip the ran§2lof 0.15 fo 0.18V0/29,000
Mt Tt T ers—per tpur—over 3 tot3—hogrs—551if

nmet hod according {o a | east 'one of the precé&?é§4200
claims wherein flpw of theggas contalning oxygsn 960! N

the range of 180 fo 190 mlliliters per mnute through
99.0 No/45,600
5 127.0 No /49,200
6 133.0 No/48,900
7 250.0 No /86,400

ASTM Qil 434 Laboratory Reactor

Sample % Viscosity Increase @ | MRV TP-1Ys, Pa/ Viscos-
40° Celsius ity, cP
1 57.0 No /30,000
2 59.0 No/32,500
3 94.0 No/43,300
4 118.0 No/48,000
5 122.0 No /57,600
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out the reaction.6. The nmethod according to at | east
one of the preceding clains wherein the heating of the

wa@ edos/oszssper f ormed under a reduced pressure. 7pCTBEB2007/056674

met hod according to at | east one of the preceding
claims wherein the deliver 19 of the gas is perforned
under a reduced pressure. 8. The nethod according to
claim5 or 6 wherein the reduced pressure of the spec
fied vacuumis in the range of 0.061 to 0.063 MPa. 9.
The met hod according to at | east one of the preceding
clains wherein the total anount of nitrogen dioxide

Clatgt i vered to the reaction cell is in the range of 1 to

2 % by wei ght based on the total anount of |ubricating
fluid at the start of the test. 10. The nethod

' t I t. f t edi L aj. :
oo BB hOP b Bl O s b BEBER BB S P con-
mephaeh decRpdong to at least one of the preceding
claims wherein iron ferro cene is added to the

:r eiﬂﬁpﬂmgnaw??np_@ddﬁlﬁlelmbrﬂ@ﬁ@ﬂlpé Hmn@@ré@ﬁ irgzm lteh@iog_ cell;
ubri cat.l n Ul char . . met ho _Cor Ing to
Lt Miradting fhuaste SRGa St I BT Raare o ne M ni-

ROL &Y g MieSeAsh ik SXiddilds tédﬁgarétﬁ?et ANk fubiaflnd BuillBAS Hafthining
according to ASTM D 4684. 13. The nethod according to

at thisstasipeanee;of t he precedi ng clai ns wherein the
[ ngrl.ease of the kjinematic viscosi
| uby

ty at 400C of th
VERRS G2 OUIPEISING e At sansiEd g}r‘/’&fl TR B’Hﬂgﬁﬂ C@ﬁ over the

448, 14 ofthe dEthed according to at |east one of the
precedi ng cfalrrs’v\herein the lubri cat ing fluid is an

endglivering b ghudnmmraitg rdtrogent dianidéerhissionstant law ke thaellghahe
fl (l:Jellldfor a specified time;

applying and maintaining a specified vacuum on the reaction cell;

allowing the mixture to react for a specified time;

measuring the viscosity of the oxidized lubricating fluid.

The method according to claim 1 wherein the oxidation temperature is in the range

of 160°C to 180°C.

The method according to claim 1 or 2 wherein the specified time for allowing the

mixture to react is in the range of 30 to 50 hours.

The method according to at least one of the preceding claims wherein the nitrogen

dioxide flow is in the range of 0.15 to 0.18 milliliters per hour over 11 to 13 hours.

The method according to a least one of the preceding claims wherein flow of the
gas containing oxygen is in the range of 180 to 190 milliliters per minute through-

out the reaction.



15. An apparatus to performthe nethod according to at

| east one of the clains 1 to 14 conprising a reaction
wa@edos/owdssh an i ntegral heating el ement for conpEi/BPIVQ7/656674

sanple of the lubr i cant; neans for heating the cel

to the oxidation tenperaturg of the |lubricant; nmeans

for mxing the |ubricant; ans for bubbling a gas

conpri sing oxygen at a constant flow rate in

subsurface feed through the cell; neans for bubbling

nitrogen di oxi de gas at a constant flowrate in

subsurface feed through the cell for a specified ting;

nmeans for reducing pressure of the cell at a constant

flow rate and collecting the resulting distillate; _
6. medhemgthof areasdingitmgt least angof the arpseing clefmuawhereialthesheating

to e lubricant:, means of asuring nitrogen dioxide
| ot B eEoRhe BRER ity SRR Pl 1 ng el apsed
time of the reaction. 16. The apparatus according to

claim15 wherein the reaction cell with an integral
7. hedh¢ mgthell @pe@mding hehtlehss oncoishapebabng dhimel wiidrein thwedadiver-

with various threaded ports; a,packing gland housing
F oM 4R 8 Pl RS Uade aB0ueRd PSSt or shaf t: rods
to support the head and cell to a | aboratory hood

f ramewor k;
8. The method according to claim 5 or 6 wherein the reduced pressure of the speci-

fied vacuum is in the range of 0.061 to 0.063 MPa.

9. The method according to at least one of the preceding claims wherein the total
amount of nitrogen dioxide delivered to the reaction cell is in the range of 1 to 2 %

by weight based on the total amount of lubricating fluid at the start of the test.

10. The method according to at least one of the preceding claims wherein iron ferro-

cene is used as catalyst.

11.  The method according to at least one of the preceding claims wherein iron ferro-
cene is added to the reaction mixture at 10 to 20 ppm based on the lubricating fluid

charge.

12.  The method according to at least one of the preceding claims wherein the Mini-

Rotary Viscosity of the lubricating fluid is measured according to ASTM D 4684.

13.  The method according to at least one of the preceding claims wherein the increase
of the kinematic viscosity at 40°C of the lubricating fluid is measured according to

ASTM D 445.
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a clanp to connect the cell to the head.17. The
apparatus according to claim15 or 16 wherein the

wheasionmggssreans i ncl udes: a tenperature-contr ol PET/ER20DN056674

14.

15.

16.

an on/off algorithmfor maintaining reaction tem
perature; a J-thernDcoupIe_ﬁfnsor; a vol tage
controller for maintaining Tow voltage to cell heating
el enent. 18. The apparatus according to at |east one
of the clains 15 to 17 wherein the m xi ng nmeans

i ncludes: an electric notor capable of naintaining
constant revolutions per mnute; a stainless steel 45

pi TRdeEHoH ad@rgih id &leasl 8ne JNBe pRPETIAE IS iInRCHRTEINNEE fubricat-
at |l east one of the clains 15 to 18 erein the

bubbifuisgs ex yegire @bhiberant aya arsnenerson mieduadis ugh
oxygen gas supply capabl e of maintaining constant
flow, a flow neter for nmeasuring the flow rate of the

OX X @PpA ML % PrRGnOBS mebhoaRcHiMgNE ai Rhstofs of ihkelc®imBa 1o 14
noi sture fromthe oxygen containing gas; a high

t eeqepraing e t ube positioned to bottomof cell. 20. The
apparatus accaording tog. at.| east e of the clai .
© oF TP larercdl i f Pl e TG St A IRt B @GS ubri
i ngl¢des: a glass graduated tube to measure the flow
rate of nitrogen dioxide; a stainless steel netering
vaheasstfor haiting dierced to drestxidutiof tampepdturei df tloglebrickingxi de
to the Oﬁ% en contaj ni ng gas bubbling tube.?2

means for mixing the lubricant;

means for bubbling a gas comprising oxygen at a constant flow rate in subsurface

feed through the cell;

means for bubbling nitrogen dioxide gas at a constant flow rate in subsurface feed

through the cell for a specified time;

means for reducing pressure of the cell at a constant flow rate and collecting the

resulting distillate;

means of introducing catalytic amounts of a catalyst to the lubricant;

means of measuring nitrogen dioxide liquid;

means of measuring and controlling elapsed time of the reaction.

The apparatus according to claim 15 wherein the reaction cell with an integral
heating element includes:

a stainless steel flat head with various threaded ports;

a packing gland housing for providing a seal around the agitator shaft;

rods to support the head and cell to a laboratory hood framework;

a clamp to connect the cell to the head.
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21. The apparatus according to at | east one of the
clains 15 to 20 wherein the reduced pressure at a

wa@onshaisi4 fl ow rate and distill ate col |l ecti on PERRB2007/056674

17.

18

19.

20.

i ncl udes: a vacuum punp with sufficient capacity to
achi eve a constant flow at_teduced pressure with a
closed cell; a flow neter t© neasure the flow rate of

t he oxygen contai ning gas; a stainless steel needle
valve to control the flow rate of the oxygen
cont ai ni ng gas; a condenser of correct size to limt
pressure drop and collect distillate and neans of
recovering the distillate. 22. The apparatus according
to at least one of the clains 20 to 2 1 wherein neans
of Thapramaied asgomlingatoallapst ! 5iaidiowedwsein ghedicptingmbarts ancwdees:

capabl e of wei ghji,ng t,0 th earest 0.000 ram 23
e PRttt gttty oo e By R Aieadidp on-
155492 Wherein nmeasuring nitrogen dioxide liquid
P £<5 ;
means include: a stainless steel ball valve to vent
sys f-¢mrmbheouphpgsasat us i s di sconnected; a stainless
st eel, needl e yalve t.o contr ol he flow.of .liquid
ni £ VoSS canboiicidor maigieng kowb@tage Iy. %ﬁ/)he?)tf%g&%?r@e to
direct liquid nitrogen dioxide to tube or nitrogen
di oxide gas to cell; a netering punp to evacuate

Ni Thogmmratismccddirfgrtonm pastdnatoé thegllams 16 ubé7 whéreinthe mixing

appar at.u %gpording to at | east one of the clains 15
ISPEYEPn measuri ng

an electric motor capable of maintaining constant revolutions per minute;

a stainless steel 45° pitched blade stirrer.

The apparatus according to at least one of the claims 15 to 18 wherein the bubbling
oxygen containing gas means includes:

an oxygen gas supply capable of maintaining constant flow;

a flow meter for measuring the flow rate of the oxygen containing gas;

a gas drying jar for filtering moisture from the oxygen containing gas;

a high temperature tube positioned to bottom of cell.

The apparatus according to at least one of the claims 15 to 19 wherein the bubbling
nitrogen dioxide gas means includes:

a glass graduated tube to measure the flow rate of nitrogen dioxide;

a stainless steel metering valve to maintain a constant flow of nitrogen dioxide to

the oxygen containing gas bubbling tube.
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and controlling elapsed tinme of the reaction neans
i nclude: a sixty hour count down tinme controller.

WO 2008/043584 PCT/EP2007/056674

21.

22.

23.

24.

22

The apparatus according to at least one of the claims 15 to 20 wherein the reduced
pressure at a constant flow rate and distillate collection means includes:

a vacuum pump with sufficient capacity to achieve a constant flow at reduced pres-
sure with a closed cell;

a flow meter to measure the flow rate of the oxygen containing gas;

a stainless steel needle valve to control the flow rate of the oxygen containing gas;
a condenser of correct size to limit pressure drop and collect distillate and means of

recovering the distillate.

The apparatus according to at least one of the claims 20 to 21 wherein means of
introducing a catalyst includes:

analytical balance capable of weighing to the nearest 0.0001 gram.

The apparatus according to at least one of the claims 15 to 22 wherein measuring
nitrogen dioxide liquid means include:

a stainless steel ball valve to vent system when apparatus is disconnected;

a stainless steel needle valve to control the flow of liquid nitrogen dioxide;

a glass tube;

a 3-way plug valve to direct liquid nitrogen dioxide to tube or nitrogen dioxide gas
to cell;

a metering pump to evacuate nitrogen dioxide from graduated glass tube.

The apparatus according to at least one of the claims 15 to 23 wherein measuring
and controlling elapsed time of the reaction means include:

a sixty hour count down time controller.



