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- 1- Anethod for the determ nation of the oxidative
stability of a lubricating fluid 5Description The
present invention relates to a nethod for the

determ nation of the oxidative stability of a
lubricating fluid. 10 There are several ASTM engi ne
Sequence tests which nust be run to achi eve passing
results in order to certify candi date engi ne | ubricant
formul ati ons to neet API (Amerlcan Pet r ol eum
Institute) and |ILSAC (International Lubricant

St andar di zati on and Approval Conm ttee) standards.
These tests are very expensive and tinme consum ng.
Therefore, it is desirable to add | aboratory bench to
the lubricant certification process 15where possible
in order to control the cost escalation and conplexity
oA meahod Alrahodsteiainatiapoftht oxidhdvesstabibtyaf artpbrdsitiog fluid
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 engygangkh specification. 20 For
exanple, G enn A Mazzamaro, "Using Laboratory Test s
to Predict Oxidation in Today's Engines", Lubricating
T bresclPhovertidn rdios 810 0 foP 0 addmiflR o e DxRafR3Gbiy
oxtdation test conprising a pre-aging step. Oxygen ga
of slubsenting fiuidt he oxi dation test of the |ubricant.

Furt hernore, Mazzamaro reviews various known bench

oxi dation tests and 25t hen focuses on the "VIT

Thetk 8£Q8Vdral ASTM e@5@ Se@bdnke etk WHRNGRAGE berua tol&Bikve passing re-
publication as a screening test for Sequence |IIlE The

SLe‘,@qu@ﬁ#ereto cefify qaadidatggugiprdyiopdarmpatipng |ery ARLEABEISAN

' Pft?cﬁénﬂﬁ; E&n‘&ﬁ:) EMILM@ glﬁf:e}’ﬁﬁgnﬁ%%ﬂﬁ%@ S{alnhfrd{z%{?&i]-anda
ater by t

e even nore se- vere Sequence |
ptdvwleV@nmittehpstaglants. Hoeso tedtsrage \teoy QHpaSSequéhme ccbrlsm@nar
T;h_%%fiolﬁeg E.t %c}eé%abié;go&gﬁpaﬁgp 203’97 gBrgi;l to Gf‘%elvlhé nPcernfdc 1on eg(gePs
whe @osdld iR rdaths cemtdlng: §dstl esdalaﬁbntayla lccxﬁblemyl daéw @fAtegory

test as reviewed by Mazzamaro is nentioned in S H
deyslopmentpevel - 5 opnent of a Bench Test to Predict

Oxi dati ve V'scosity Thi ckening in the Sequence 111G
Engi ne Test", SAE Tecl m cal Paper Series 2004-01-2985.
Tizxy g:@nrxgasles of afsiepts todevelop mssiivgfil teys sush es @iﬁsetqliéd below.

Iubrlc The Rob n e
By BT B s Tree e FRTE e S5 Oy TR gl AR

Roby test with the Sequence |I11G Engine Test is poor.

10 The use of nltro en_oxid as tg det .ne. the .
Fenererapipafelon ApMpreipii “Vis bRy ﬁi&%wgpfﬁ%%ﬂ@l&wn in
Tg%%m@%gs’s”bxyub% s vBeUoes. o Mbos, PeBar aQstdeHchRlal 8-

| chani'sm of the MS, formation by MDIC in the
dagion deshewnisinZ pDTER2gleg fters Oxpgencses iarsed/for thegrisatan toviof the

lu\é%&éf F’{n%f?e%?x%) ?ég'%am]aﬁosrgzlex%gg rfo c%g’xrﬁeln %}#%arl}:lo% rlt\]é%{stﬁh@

the Cfeases st VI (vidcbgity ine@ehde tektd rbfdsryncb@ BTa'994 Bobiivdderyas a

and ubri cation ci e nd i catian )
smﬁes&%rgﬁquet@dﬂﬁo?és s uE tﬁé&@%ﬁ’%@e@mﬁ%f‘%ﬂ has
bé‘e'ﬁ\f‘%\fa%éd by 18 nftRC WTBRISS b e IR 3&00@ alPEPBY raded\@@rte s
relate to the oxidative degradati on of MODTC and
vart Sequanes ESE00H). Howeyver, dhe agmm aceqrding émtha fequenessiiue
econony inprovenent. Wiile the experinentation
utilizes nitrogen oxide as a 'blow by 20 gas', the
wor k does not relate to prediction of used oi
rheol ogy either at higher or cold tenperatures nor to
Sequence 1110 engine testing. In fact, it relates to a
conpletely different topic, nanely fuel econony rather
than engi ne oil robustness as predicted by used oi
rheology. In practical terns this translates to |ong
| ubricant |ife which corresponds to |ong drain
intervals. 25
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Taking into consideration the prior art, it is an
object of this invention to provide a sinple and

i nexpensi ve nmethod for the determ nation of the

oxi dative stability of a lubricating fluid
Furthernore, it is an object of the present invention
to provide a nethod for the, - 3 - determ nation of
the oxidative stability of & lubricating fluid so as
to predict the theological results of a Sequence MG
engine test. These as well as other not explicitly
menti oned obj ectives, which can easily be derived or
5devel oped fromthe introductory part, are achi eved by
HIiFé ipsetiacntipend in He Mezansr degunsnt. Sruthanporsxisdaaniigesd above,

B A Mo B PRI S 07 “The method in

accordance MAth the invention are described in the

e dent .clainms. 10Th thod for the det LnatiqQn

A PEHsten GEiegureuteut by Nt § aispriet Py R Dover
opfeii ofl@ BeAdh THIERS PSR DxidARVOVRERM Thidkdnh iR iR HeGlon&NIIG
of the theological results of a Sequence 111G Engi ne

Epgige TesthSAketasbricad Papan St 1 2A%e Mxyenn 599 supaller Ge
PR o ek EHRRR IR OBy A6 R foef B HAER £ 85 of rigoen
okidereF uathexxmioe theaforrelatiar ofdbl/Rolivatge svithale $rguerch @@ Eggine Test
.through the nmethod in accordance with the invention.
SBMfig t hese are: The nethod can be performed in a
relatively short tinme. 20The nmethod to determ ne the
oxi dative stability of a lubricating fluid needs only
The yeeraf niftagen oxdporasto determintsrthe entidasige ptrkility of lubmrppat ¢rzaneod
e ‘B?jmﬁaﬁé%&{&het' P BB BoubRE 81 £0bénism of
than the Sequence [11G engine agi ng proceduré.
tl@d‘ﬂs&cfuenﬂtlby by MedTifkin hleecbresencelyd ZpBAP odfeetbfionidgévei degrada-

R R -

tiv&idgrRlafionngh thd techabigl @I fiictish rddictdh bl @I TO) Beaddaiy and
|ntrodu0|ng catal ytic amounts of a catalést to the

Migeddlybgipatton) $eienqednd agplicsiions, &Y Dowson sl Skilifpay); Eisquicr Sci-

eﬁc%%@f)aﬁ%@ve?fthé AR ulneRE bEBEBAMDs Bouédt AdcMTRh RliAk & RE oxi-
his tenperature; 5delivering a gas conprising oxygen

d@ttve clogredaginn of MoWTEame uitinatalgss df ection mOdtﬁsl@tFOHtahé thus tes e
eé;olno %nlgrg?e%enp Wi “?Ill ' xﬁrﬁrﬂglta iofl %ﬁlﬁz%ggprﬂé Oé( gg% %\ rb?o v'by,

a cons OW r a roug
g el ork doés nmrelaa@tml gtedigloamduMIoﬂtrmomgy gitker apteghel oecbld
vacuum on t h§ reac f 8
temperatures nor to Sequence 111 engme testmg 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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ioallow ng the mxture to react for a specified tineg,;
measuring the viscosity of the oxidized |ubricating
fluid. The reaction cell used to detem | ne the
oxidative stability of the lubricating fluid is known
in the art. These cells can be nade of any materi al
bei ng stabl e under the test, .Is conditions. Useful
materials are e.g. glass, special plastics, netals, or
stainless steel. Additionally, the oxidation cell is
equi pped with a neans for agitating or stirring the
lubricating fluid. For determ nation of the oxidative

stability of a lubricating fluid, the cell is heated

detgrmpipation 9f dhsioxidativestabili a lubrisating flyidscr asrto predict the rheologi-
[ i dation tenperature can be

ca%%%%%e ?%Wé%%ﬂgggm?ﬁ%egesired oxi dative severity.

Preferably, the oxidation tenperature is in the range

Thed SFLERoRa I rRbety Befished Saitassianish ar o, S Gryedpr

demmu B the Rfo@tdiAbird) Arel RATBRII Uhemetho @ e e d&%ﬁﬁn@tm
be used. The heating can be started after the sanple

ohths ogidayeisbilis. ofz%br@éfalgi fhidnaceprding daipesshclaigt 1. Expedint
RO Ron QU L ORAOTLREANR THT ANy 2 WO EE o
perdehtadams. According to a preferred enbodlnent t he
reduced pressure is in the range of 0.05 to 0.07 MPa,
nore preferably in the range of 0.057 to 0.064 MPa and
TH®fikthpd &r @lieadbhrmbhaliéhnlofttios &1&@3&: Nﬂﬂhty bﬂa bdetfting Guid provrdes
oxi di ze the lubricating fluid yst can be used

AEUREXPeiaddmpER sSHE n the Aregistioh &féae WF‘PlPIgIFfH espliapfiaSsarenge
Iﬁd} @'ngmp ?efsto frfe Bl'@@roé Qfmrl: ﬁrekeﬁt inDLdiRd H‘p FR el RsitpR aﬁ@ %&ﬂéﬁﬁve
Preferably, the catal yst conprises a netal
Pm@pﬁseq’ detérmane, the resutspf efSequeact: [lvbbatineetpst- i ron fer r ocene
is the desired catalyst as it is a soluble liquid and
metal from engine wear. Preferably, the anmount of the
Aneteahme tina b yainbaraif ofher ddvaritiies carigechibvdd thougbthpmdihod in
nmore preferaply jn the range 10 to 20 ppm based on
aqeRElaRGsrih el Fﬂt“’BfA‘PH%‘% &fdl% to be oxidized. 15The
met hod of the present invention includes a step of
delivering a gas conprising oxy- gen at constant flow
Thametheheaphgpertorancd & 4 rebpligely shvet our se of t he reacti on.
Usual |y every gas conprising an effective anmount of
oxygen can be used. According to a preferred
Thatnettibdrendetapdink e qaidagendtability efu ubficatiag fhad nedspdly 8 ivay
at | east @6 lunme, nore preferably at |east 10%
“ﬁ@“WHWﬂ @%ﬁ&@ﬁ is used. Preferably, the oxygen
contai ning gas 20 conprises 15 to 30 % by vol une, nore
referably 20 to 22 % by vol une oxygen. Furthernore,

Thevactbad/epeprdingrie Hiemrasent garsnianm's sngonipiex thandhe Sesmence 1IG

[
83 phlSa T TebulBI0R: o uPirol el BORROLRn 400 A3 Aeq
me@rr e wigedt aghlnskiledypgsonebnt ai ni ng gas 25The oxygen
containing gas is delivered to the cell at a constant
flow rate. Constant flow rate neans that the anmount of
TSR B RALGH PlolidedABiethdd Tdd ereQiéicHathiRih Tl oxidatikdbility
essentially at a constant value over the course of the
ofradnlricating Iy wewprsingthabtepscianges havi ng no signi fi cant
influence to the test result should be included to the

nmeani ng of the expres- -6- sion "constant flow rate".
Preferably, the flowrate of the oxygen containing gas
is in the range of 120 to 240 mlIliliters per m nute,
nore preferably 150 to 200 milliliters per mnute and
nore preferably in the range of 180 to 190 mlliliters
per m nute throughout the reaction, based on a
reaction cell volune of about | liter. 5 According to

the met hod of the present invention, a gas conprising
nitrogen dioxide is delivered at a constant flow rate
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10 90 % by weight or nore nitrogen di oxi de. The person

skilled in the art knows that nitrogen dioxide is
usually in equilibriumwith a m xture of nitrogen

oxi de and oxygen. Therefore, also an appropriate

m xture can be added to the reaction cel

Furthernore, the nitrogen djoxide contalnlng gas can
conprise additional gases, |ike inert gases, e.g.

ni trogen (N2) and nobl e gases, e.g. argon, neon,

hel ium 15 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

inteadpeipg PP of thy l@ﬁeéms fhgid upderiest inre raptiAnegllheat i ng'

uqﬁﬁlﬂ&n%mglyﬁ C&ﬁ S of Q @rﬁalgs‘? ?&gﬁ@ Qeatcp ,aCt i on

t enperature and 1S maintained ar the desired

ht@mg elreatell t@the Bridhmmatbhperatuteef thei ldaicating floidlahd meatingss this

tthe 0 oxidation tenperature within 45 mnutes, nore

PPREFE¥ bl y within 30 minutes. In order to oxidize the

dt:mﬁn%caagersrwmbhsimgdoﬁygemtcsrsrann fow e throticl 't RNiodatthy/@urse
stability, a gas conprising nitrogen dioxide gas is
OfleiASHYH to the cell at a constant flow rate.

O e S P TR A L« R AR o Sy AR 89 o

ﬂ&géednnaily at a constant value for a specified tlne.

i f
of Ty B AR A8 e e ncl uded to t ne

ali®ang g notiutee rRxIoESebified RGBSt ant fl ow rate”
Preferably, the flow rate of the gas conpr|S|ng
DRAUFIBG BS VE’F?%V QEthe exidized Jlricagipguids 0. 14 to 0.2
mlliliters per hour, nore preferably in the range of
-7- 0.15 to 0.18 nilliliters per hour, based on a
Theeettionreelt ated ty ditermineahe enidative dtabilityerf theTireiceténg fluid is
klgoQ&érﬁg :,ﬂ% gtgg"ﬂesg c&%r 2 elr gx e oefa{l)ﬁrélgtgmlélc' &, edt&{)ltoe under fthe test
cﬂﬂhtldﬁﬁ Usefyl inherigasre ergnglassssrpe@alrpletsn@gmetatir 6t dikless StedlNAd-
the ra f 51 0 .ho nore preferably in the
d‘rlél??élé 157 oxign fsl?ﬁgawgp%rmfhmenf;? fgiaing of ¥ stiigge lubri
cdiaBggidof 11 to 513 hours. Preferably, the total amunt
of "nitrogen dioxide gas delivered to the reaction cel
is in the range of 0.0043 to 0.0063 nol per gram of

PR RS TR 5 PSS oSO

ddsired chactiob ténefran@lidrythe ubdcating ﬂhtdﬁ[f‘hmmtdamﬁn tembérﬁtg&rban be

i oxi de delivered to.the reaction_ce]l jn.the range
sefte R § S s alomishive . BBl S OpiiBidnjrap g
1S\M:-‘ihg Ii‘?]én,ge BPIM QeI Rrehyre |pﬂ:fér£lﬁy ﬁW@?toOjOOQC bt rgos(t/‘z)ﬁ%rab

and nore preferably in the range of gl

1@%°Syo M@hfxcq%@%w@rpr@fheect webadinegnb anoxigptign prpesatierny
aﬂcolut" °@tc drf lybﬁbsg(ﬁ Ak hQ%ItI %Qﬁhﬁeeﬁatrted %ﬁ Aﬁé: QS éﬂs Bgen%tro-
pre erre odi'ment o resent I nve Ion, the
dubedl imveethe ngciadn ¢eHe gas to the cell can be perforned
under a reduced pressure. Preferably, the reduced
pressure is 0.1 MPa or |ess, nore preferably 0.08 MPa
ABdordiRs®-a p?@t@@écﬁén%dfnﬁbnﬁoﬂh@f;@&hﬁﬂv&ﬁ@ﬁ GhéBAting S8 cell can
reduced pressure is in the range of 0.05 to 0.07 Mra,
benis¥ lermpdamderayicguded preraire The rdueedpresguroean kegpplicddeforpa
and nost preferably 0.061 to 0.063 MPa. The gas
conprising nitrogen dioxide and the oxygen contai ni ng
gas can be provided separately or as a m xture to the
reaction cell. Preferably, both gases are nmixed in
order to achieve a good distribution of the nitrogen
di oxi de containing gas. 25 The present nethod includes
a step of applying and mai ntaining a specified vacuum
on the reaction cell. Therefore, the oxidation
reaction is perfornmed under a reduced pressure.
Preferably, the reduced pressure |s 0. MPa or | ess,

~ o~ o~
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Ast oni shingly, the engine operation can be m m cked by
applying a reduced pressure. Such step is not
suggested by any other prior art. Surprisingly, a
detail ed anal ysis reveal ed that the Sequence M5
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 M5 procedure
only 50 to 60% of the lubricating fluid remains in the
engi ne. The present inven- 10tion al so renoves about
40 to 50% of the lubricating fluid charge just as the
Sequence |11 G does. No other bench oxidative
apdRuiuringihaiyating Eedurtdy.ithe refdeced pepsursan 0. 1{MBe prgpsamens

. her 0 r
R e e
iSaqhrencge dfl010G.to THE MB5 ulorspreferablyen ireasmeyetof 65 ad). 06 MPa
not foreseeahle fo erson skilled in the art. 15
a#ﬁgmﬁﬂgggﬁﬁyBﬁ§éﬁf@Péyﬁgge surprisingly found that the
| ess viscous, volatile conponents have an unfavorabl e

effect with regard to_ the dug}ication of the rheologg
Iy prdgs tocpxislize the ybaiceting floidy g splelystive bhgiche- Br tie sefalye can be

' o _ | et i
BT O LB Rl G bGP, Ml el ebdln ol P
chbbf teabhlyst cohprispecndtdlece. copper,ii®ni n 4 preferrat geb@ifimSM0 iron

to 50 .hqurs,. r referably 38 t 2 hours. .
P 8 e e G o 1§ e gt e el B oppag vear.
and/ or agitated during the delivering of the 25gases
to the reaction cell and/or the heating of the

Prefesabldhs sipount of e mstat endalysk pagcici i HICEHIZE ohn &P $hipm, more
1eatd C - - I ' :
A U e R e S F TS
dizedcosity of the oxidized lubricating fluid is
measured. Preferably, the Mni-Rotary Viscosity of the
lubricating fluid is neasured according to ASTM D 4684
Ta8 thethbé oRihB @reedit thventin @sdlideés abted Odetileringa datitnipiding BEy-
fluid is neasured according to ASTM D 445. These
SPhESPBATE HPW pite Brougd ths esdl quaihe goysted dreggagsign-disuallyrfyery
o doRprilil@ aPertdald SRodnast RGEH RRHE AlcdBAccofie B3Rl f¥red em-
the lubricating fluid is oOxidized by delivery of the
bedimerspé thediressat devenineh, @ gyrmpeising ali ledshy Ygasendurad, oreee pref-
| e ecifi erat ur nder.
oSl Rer B0 P4 Pt b DR BBRF L BB DM P e e
cahprisen EOtoB0 % be velnthe ahort peefa@xble20 iod2 %dacbiual o’ygtn. Fur-
vol ati|ization period is consjdered as the oxidized
theppeTe g PHge? F‘iﬁ’u%d‘.‘mwaéfcé? SapRyise a¢iquALEASES. tkFdRTbersEy ©-8-
nirQ &e?g Arfd3obREaRB L. o/ QloBh | deb’ Heli@h. PrifetRY, #h 26 Q8d b/usdd
cold e?r(rper at u%e an kigﬁemﬂt ic Vvis- colg;ayy i gher
a3 PrreE aoneun g2k as 40C of the lubricating fluid is
determ ned. The nethod of the present invention can be
performed in the analysis of all kinds of |ubricating
Thd arygden cohbwrsiey gdsud dbsivératioubeceing b benstanbflow aad. Longtant flow
particul ar but m ght also include 15other. functjiona
rof PRS0 SHQUR/O RXYACE EPTUHIIAR G5l UBrOXEeR B o bl egen-
tidllyk 8 Sonsthieefucf dvet @e calr§ J8hd rekARWNHWEVENSmAL EhaRRY hi¥Vifl
described, e.g., in Ulmnn's Encycl opedi a of
nq signifeant influcgheisi tbe feyt rewitishaudd be inpludad totherR@vning 96 the expres-
e.g. under the entry "lubricants and rel ated
products.” 20Preferred lubricant fluids are classified
by the American PetroleumlInstitute (APl), by the
Soci ety of Autonotive Engi neers (SAE) and by the
International Lubricant Standardization and Approval
Committee (ILSAC). Lubricant base stocks are
categori zed into five groups by the API. Mtor oils
are further 25 categorized by their APl service
class. The APl service classes have two genera
classifications: S for Service (typical passenger cars



4 O The latest standard according to |ILSAC, G--4 was
approved in 2004. The Sequence I11G involves running a
1996/ 1997 V-6 GM 3800 CC Series Il engine 3 at 125

hor sepower, 3600 rpm and 150C oil tenperature for 100
hours. The test is divided into five 5 20 hour

segnents each followed by sanpling. The Sequence

Il GA include tests concerning sludge and varni sh
deposition, oil consunption, and engi ne wear; and oi
thickening at 40 C (KV). Furthernore the Sequence

I1'l GA include the determ nation of oil thickening at
punpi ng tenperature of original 10 SAE Wgrade or at 5
senwegnsent flavRge”. Rrateraqly, éxﬁé%’wnfas@mﬁmowgﬁeﬁammmg gas is in the
Y8 SEPAL X AU SHERSE o8 mile, e i deriby 156 1 W mllcrs por min
uaacmd mbmgrefembﬁﬁiﬁ KheDars®4 180/ Wﬁﬂlﬂﬂlters'lﬂeemﬂﬂ% thfdughout the

Vi SCO of the en of test. samp] e nust neet the
G PEAEAR & e SPMGEAAFOT M or & he mext b gher
grade A pertinent reference is ASTM D4485-03a
"Standard Specification for Performance of Engi ne
Acgqying to thyppethod @f e peesent fuyepiéagy, a g8 cRBRTISING pidrpRFrddoxide is

NSRRI bSO BRI o) o aRRIe N8 DB 1 Finor

olvbgragiun exldalamwaﬁagystz 0] @Sgasr@omﬁnﬁr)g niffbgen Sexutevomptideh prefera-

escr.i in 5 St andard Tes
iy bt Y0 S earers ey Ak BBE Rt B 18 T efepebly
90 bebySREdRIE thokd AifrogeRRidxide! TR }Bdr@ﬂ skingd mehe arPkfra i@ ditro-
| ubricating fluids conprise at |east a m.neral oi

gendeede iy veiphy Herdpidibam valhdyaixtuge ofingrasen exfls ndogvgeaethere-

fd?é latso 2R M;;?]‘%ﬁa!te Igi)étﬁe @énebevﬁhéd %Qﬁ’é’\@adtl%n the Fﬁftﬁerﬁgfé the ni-
COMTEr Ci aval l able. They are in general obt ai hed

trbgmﬁlqu@der@heqmgcgas canudenpoid addylodadgmels,l ldke iiert gasrd/ g nitro-

tional Iy ad 7. tlonal purification and
gen@ég%ng‘. gﬂ’ é{%e 808y ‘Yt he hi gher-boiling

fractlons of crude oil or petroleun1fa|| under the

conce t of m neral general, the boiling point
Tha g cgPpiTies FiTresH éivoxafleus ﬁlf‘é“’?ﬂe% hia; 48 anbigen comtindes
th%u%B HeAbhYinhk 48R R AR ré’aQQ& cellat §1QQ&10P @h teﬁb@r@ﬁf@ﬁ)f #5beci-
g{ ow tenperature distillation of shale oil, coking
figf titheyr Reweiaing hditme] inpans thahthefcell hagngacked thelrepctiord¢roperaipre
t
ar}%l 1% ﬁ'ﬁa#ga%feg\gﬁhﬁ élﬁtseg ¥eglli %S ?«g? lirgfgrr Blfyé@ éﬁﬂd&l%? celPfeaches the
otidehionh catiperegurt hithih 453ninaise (iho@enprﬁfemryai/lt}m 30 fnrmmsAPl
Goup I, I'l, 5and/or 11l or mxtures of these.
Bi ol ogically sourced oils can also be produced from
Il AMer TR bRidiz8 iR 18dricRimHuidol dichmint e MRIPIBi @i OftiiRy, a gas
rapeseed (canola), sunflower, and soybean oil) or
CORFITIFEE NiFoRe ﬁoxlﬂ@)gases(@ﬂhwﬁred toethe esil ab e comsiant Bov gatgj(opstant

ﬂ(ﬁs 9295 %eﬁgltﬁ/a’t th%1 aﬂ’l%{ll% 0 gl;o n cﬁ@éﬁg %@%ﬂ]&%@%&? rfxli th@ 'ESQHQJEO% c%fl

is Ikypiremmaﬁiy |asa comtamme(fmmnﬁm tihhen gioh@v@r sngillrchanges hav-
nthe ic oils are, anpn r.sub
ing b gt Brb ORI © e SRt Cbogh 68 e RESL Bty of the ox
@S%to%r LoDt M %@’apl%f&a%‘lﬁ i floW AeY theeéaE‘ eérﬁpﬁshx{gamro gen
S|I|cone oils and aIk | ene gl ycol; and synthetic
dipxide 1 @nthb sse 0B b‘étﬂ éeqsy@l lecruy, more migEayably @ theyiangernd
nost part somewhat 15 nore expensive than the m nera
oils, but they have advantages with regard to
performance. For an explanation reference is nade to
the 5 APl cl asses of base oil types (API: Anerican
Petroleum lInstitute). The lubricating fluid nmay
conprise further additives well known in the art such
as viscos- 20 ity index inprovers, antioxidants,
anti-wear agents, corrosion inhibitors, detergents,
di spersants, EP additives, defoaners, friction
reduci ng agents, pour point depressants, dyes,
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A preferred apparatus to performthe present invention
conprises a reaction cell, e.g. a one liter reaction
cell, with an integral heating el enent for containing
a sanple of the lubricant; 4a neans for heating the
cell to the oxidation tenperature of the |ubricant;
means for mxing the lubricant; means for bubbling a
gas conpri sing oxygen at a constant flowrate in
subsurface feed through the cell; 5 neans for bubbling
nitrogen di oxi de gas at a constant flow rate in
subsurface feed through the cell for a specified ting;

nmeans for reducing pressure of the cell at a constant
0f]l5dwor1§tf@ﬂlélﬁ¢éﬁ b hous chaserbon hisaetiog Gl Yolgmelpisabiont] loliter. The gas
r i
otrr]é Iél rd?%%:&g ﬁ%&llgégﬁo}e{ Ll I%Br cd anIeSPrgifesaBﬁé@LL gﬁetcrfﬁed
tmafsnxtehvgmg ither gag eaimphsmgl ndteogen diokidp isie drsamgk ofié asi0 hawgs,
and ¢ oII| el |ne of the reaction.
MR e B0 GO AT A EPePddI?
1Wihbdksan |ntegral heating el enent may include a
stainless steel flat head with various threaded ports;
a packing gl and hous- 15ing for providing a sea
MG P B B B RO st BB L SIRRPIE ol AR i e
range ne@ 0043he 0963 rriobpdr fgemhe%tde lubri¢atieg Enidjahyre ptelﬁ@ably n the

heat j Iude a rature-controller
w3t it Qb BR7 BT 0 B8eg it e o R Gr R eact i on
tenperature; a J-thernocouple sensor; and a voltage
con-20troller for paintainin IOM/voItage to ce
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n
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toa8mrod. -13 - a gas drylng Jar for filtering
noi sture fromthe oxygen_containing and a high
%cﬁ%e% RARTECTEHEMRRIETE Bh'IE PEoEeTh BEiinohe delivering of he gas

tdhetar &Q |b¥ peltﬁﬁﬁle@ uhRk b RQuBdd 988, I‘%i@?&bgrethg ?e?lug@%eqssure
may i nclude a gl ass graduated tube 5to neasure
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raAgEai 3700 D@64 Mitacing hiosthrefatabi (@ 1tto OfOéB hPar educed
pressure at a constant flow rate and distillate
coll ection means may include a vacuum punp with
TBA ok lc6rh S CAPGSeh ¥bx [de aRE the %xggenlcgmﬁn&g 8d @ltbe blRWcat
reduced pressure with a close |l ow neter to
sopratelr s ap hanikips\ip thgtreachion edlePisioyabdn bedreeses Bierigixefbig; order
to ﬂll ﬂal ae%o%d%ﬁsﬁ%utl xf gldthg er%géﬁem&gdeCé)o'ﬁ aln%%%lge f OW rate
en con nser
correct size to I|n1t pressure drop and coIIect
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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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| sPreferably, nmeans for introducing a catal yst may

i ncl ude anal yti cal bal ance capabl e of weighing to the
nearest 0.0001 gram Measuring nitrogen dioxide liquid
means may preferably include a stainless steel bal

val ve to vent system when apparatus is disconnected; a
stainl ess steel needle valvg to 20control the flow of
liquid nitrogen dioxide; a graduated gl ass tube, nore.

preferably a 12 mlIliliter graduated glass tube; a
3-way plug valve to direct liquid nitrogen dioxide to
tube or nitrogen dioxide gas to cell; and a netering

punp to evacuate nitrogen di oxi de fron1graduated | ass
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c | 26 hlele
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0P6dve @863 sPaew and i nventive nmethod to predict the
changes in viscosity as determ ned after the Sequence
1116 Engi ne test. The Sequence 111G Engine test is
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been charged to the reaction cell, agitation has been
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flowrate of about 0.16 mlliliters per hour. The

S N SRS
gas@3t thesreaftioASTIMridéi dredramg@f e @R atinkIhidindhaddddagivecell

anq?l!?etzltpppga%oﬁ Qf\t/arc]:sufm lowing tables I, Il and Il1,



10

15

20

25

Tabl e |: Conpari son of MRV TP-1 viscosity and Kinematic
viscosity increase @40Cel sius fromthe Sequence I11G
and Laboratory Reactor Aged O ls ASTM O | 438
Sequence H G Engine Sanple % Viscosity Increase @
400 Cel sius MRV TP-1 Ys, Pa / Viscos- ity, cP 1 88.0
No/ 16,700 2 90.0 Nol1l8,Q09 3 91.0

In order to determine the oxidative stability of the lubricating fluid, the viscosity of the
oxidized lubricating fluid is measured. Preferably, the Mini-Rotary Viscosity of the lubri-
cating fluid is measured according to ASTM D 4684 and the kinematic viscosity at 40°C
of the lubricating fluid is measured according to ASTM D 445. These rheological prop-
erties can be measured before and after the oxidation has been performed. Preferably, the
lubricating fluid is oxidized by delivery of the nitrogen dioxide and oxygen containing
gases along with a catalyst at the specified temperature under vacuum in the reaction
cell. The lubricating fluid obtained at the end of the oxidation reaction and volatilization
period is considered as the oxidized lubricating fluid. Preferably, the change induced by
the oxidation and volatilization in MRV viscosity at cold temperature and kinematic vis-

cosity higher temperatures such as 40°C of the lubricating fluid is determined.

The method of the present invention can be performed in the analysis of all kinds of lubri-
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.
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The latest standard according to ILSAC, GF-4 was approved in 2004. The Sequence
ITIG involves running a 1996/1997 V-6 GM 3800 CC Series Il engine 3 at 125 horse-
power, 3600 rpm, and 150°C oil temperature for 100 hours. The test is divided into five
20 hour segments each followed by sampling.

The Sequence IIIGA include tests concerning sludge and varnish deposition, oil con-
sumption, and engine wear; and oil thickening at 40 °C (KV). Furthermore the Sequence
IIGA include the determination of oil thickening at pumping temperature of original
SAE W grade or at 5 °C warmer (MRYV). The allowed maximum kinematic viscosity in-
crease at 40°C is 150 %. The low temperature viscosity of the aged oil is determined ac-
cording to ASTM D 4684 (MRV TP-1). The MRV TP-1 viscosity of the end of test
sample must meet the requirements of the original grade or the next higher grade. A per-
tinent reference is ASTM D4485-03a “Standard Specification for Performance of Engine
Oils”.

The Sequence 111G 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



20

115.1 No / 30,400 ASTM G| 438 Laboratory Reactor
Sanple % Viscosity Increase @400 Cel sius MRV TP-1
Ys, Pa / Viscos- ity, cP 1 74.0 No/16,570 2 101.0
No/ 14, 100 3

of the mineral oil is higher than 200°C, preferably higher than 300°C, at 5000 Pa. Prepa-
ration by low temperature distillation of shale oil, coking of hard coal, distillation of lig-
nite under exclusion of air as well as hydrogenation of hard coal or lignite is likewise
possible. Preferably, the lubricating fluid is based on mineral oil from API Group I, II,

and/or III or mixtures of these.

Biologically sourced oils can also be produced from raw materials of plant origin (for ex-
ample jojoba, rapeseed (canola), sunflower, and soybean oil) or animal origin (for exam-
ple tallow or neatfoots oil). Accordingly, mineral oils exhibit different amounts of aro-

matic, cyclic, branched and linear hydrocarbons, in each case according to origin.

Synthetic oils are, among other substances, polyalphaolefins, organic 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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means for heating the cell to the oxidation temperature of the lubricant;

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 catalyst, e.g. iron ferrocene, to the lubricant;
means of measuring nitrogen dioxide liquid;

means of measuring and controlling elapsed time of the reaction.

According to a preferred embodiment, the reaction cell with an integral heating element
may include a stainless steel flat head with various threaded ports; a packing gland 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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46- Table I1:Conparison of MRV IT-1 viscosity and

Ki nematic viscosity increase @40Cel sius fromthe
Sequence 111G and Laboratory Reactor Aged O ls ASTM
Q1 435 Sequence |I11G Engine Sanple % Viscosity
Increase (r) 400 Celsius MRV TP-1 Ys, Pa / Viscos-
ity, cP 1 163.0 Yes / 84,8Q0 2 168.0 Yes/110,100 3
172.0 Yes/ 84,500 4

a gas drying jar for filtering moisture from the oxygen containing gas; and a high tem-

perature tube positioned to bottom of cell.

Preferably, the bubbling nitrogen dioxide gas means may include a glass graduated tube
to measure the flow rate of nitrogen dioxide and a stainless steel metering valve to main-

tain a constant flow of nitrogen dioxide to the oxygen gas bubbling tube.

According to a preferred embodiment of the reduced pressure at a constant flow rate and
distillate collection means may include a vacuum pump with sufficient capacity to achieve
a constant flow at reduced pressure 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; 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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176.0 Yes/ 91,900 5 222.0 Yes / 300,200 6 230.0 Yes /
294,000 7 279.0 Yes/ 210,700 8 305.0 Yes/ 400,000
ASTM O | 435 Laboratory Reactor Sanple % Viscosity

I ncrease @

14

The present invention provides a new and inventive method to predict the changes in vis-
cosity as determined after the Sequence I1IG Engine test. The Sequence I1IG Engine test

is well known in the art (see e.g. ILSAC GF-4).

The correlations of the results of a Sequence I1IG Engine test with the results of the pre-

sent method are astonishingly good.

The invention is illustrated in more detail below by example 1, without intending to limit

the invention to that example.
Example 1

A closed reaction cell for oxidative conditions has been prepared by setting the velocity
of flow to about 56.66 liter per minute at a given vacuum target of about 0.061 MPa
(face velocity 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).



40 Cel sius MRV TP-1 Ys, Pa / Viscos-
Yes / 99,300 2 226.0 Yes/ 83,500 3 256.0 Yes/ 182, 800
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ity, cP 1 185.0

-17 - Table I11: Conparison of

MRV TP-1 viscosity and Kinematic viscosity increase @
40Cel sius fromthe Sequence 111G and Laboratory

Reactor Aged GO ls

The test results of ASTM Reference Oils 438, 435 and 434 are mentioned in the follow-

ing tables I, II and III,

Table I:

Comparison of MRV TP-1 viscosity and Kinematic viscosity increase @

40°  Celsius from the Sequence 111G and Laboratory Reactor Aged Oils

ASTM Oil 438 Sequence HIG Engine

Sample % Viscosity Increase @ 40° | MRV TP-1 Ys, Pa/ Viscos-
Celsius ity, cP
1 88.0 No/16,700
2 90.0 No/18,000
3 91.0 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 OQil 438 Laboratory Reactor
Sample % Viscosity Increase @ | MRV TP-1 Ys, 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 No0/26,400
5 127.0 No /30,000
6 133.0 No/29,800
7 152.0 No/27,300




ASTM G| 434 Sequence MG Engi ne
I ncrease @400 Cel sius MRV TP-1 Ys,

Sanpl e
Pa / Viscos- ity,

% Vi scosity

cP 1 63.0 No/29,000 2 87.0 No / 34,200 3 90.0

No/ 31, 900 4

Table HI:

16

Comparison of MRV TP-1 viscosity and Kinematic viscosity increase @

40°  Celsius from the Sequence IIIG and Laboratory Reactor Aged Oils

ASTM Oil 435 Sequence IIIG Engine

Sample % Viscosity Increase @ 40° [ MRV TP-1 Ys, Pa/ Viscos-
Celsius ity, cP
1 163.0 Yes /84,800
2 168.0 Yes/110,100
3 172.0 Yes/ 84,500
4 176.0 Yes/91,900
5 222.0 Yes /300,200
6 230.0 Yes /294,000
7 279.0 Yes/210,700
8 305.0 Yes/ 400,000
ASTM Oil 435 Laboratory Reactor
Sample % Viscosity Increase @ | MRV TP-1Ys, 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




99.0 No/45,600 5 127.0 No! 49,200 6 133.0
No/ 48,900 7 250.0 No / 86,400 ASTM O | 434
Laborat ory Reactor Sanple

Table III: Comparison of MRV TP-1 viscosity and Kinematic viscosity increase @
40°  Celsius from the Sequence IIIG and Laboratory Reactor Aged Oils

ASTM Oil 434 Sequence ITIIG Engine

Sample % Viscosity Increase @ 40° | MRV TP-1 Ys, Pa/ Viscos-
Celsius ity, cP
1 63.0 No0/29,000
2 87.0 No /34,200
3 90.0 No/31,900
4 99.0 No/45,600
5 127.0 No /49,200
6 133.0 No/48,900
7 250.0 No / 86,400
ASTM Oil 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




% Viscosity Increase @40 Cel sius MRV TP-1 Ys, Pa /
Viscos- fly, cP 1 57.0 Noi8-30,000 2 59.0 °
No/ 32,500 3 94.0 No/43,300 4 118.0 No/48, 000

Claims

A method for the determination of the oxidative stability of a lubricating fluid,
comprising the steps of:
measuring the viscosity of the lubricating fluid before the oxidation has been

performed

introducing a sample 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 oxidation temperature of the lubricating fluid and maintaining
this temperature;

delivering a gas comprising oxygen at constant flow rate through the cell over the

course of the reaction;

delivering a gas comprising nitrogen dioxide at a constant flow rate through the cell
for 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.

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

of 160°C to 180°C.

3.  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.

4.  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.

5.  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 throughout the

reaction.
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5 122.0 No / 57,600 - 18 -0 Cains 1.A nethod for
the determ nation of the oxidative stability of a

| ubricating fluid, conprising the steps of: neasuring
the viscosity of the lubricating fluid before the

oxi dation has been perforned introducing a sanple of
the lubricating fluid undersﬁsst in an reaction cell

i ntroduci ng catal ytic annun%s of a catalyst to the
reaction cell; heating the cell to the oxidation
tenperature of the lubricating 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
6‘.:il Ot %e%xto%i Qcc‘apdﬂ%tg% legét O (Eﬁﬁéaﬁ)r%&ﬁﬁg Qﬁﬁ%&&h h%efhgécfing
Specifre I me; pl'yi'ng and nmai ntai Aing a specifie
vac ufiie o¢ll isperfore@d tnden a celuted méskwei ng the m xture to
read for a specified tinme; neasuring the viscosity of
t he oxidized lubricating fluid. 2. The nethod
7aCC@h&linBliod Aocblddg 4t WRESRI IF thd}Re@¥ing alainRvicedip Bk ALl
is in the range of 160C to 180C. 3. The nethod

accedi thy gadispreepimed upder 2 rodvepdkprassiiie speci fied tine
for allowng the m xture to react is in the range of
30 to 50 hours. 4. The nethod according to at | east
8oneThd mtthed prceciagitnglath aioné whbreingharetiimed pressupgyefithe speci-

m | e Yeed St el S0 FT 0 05 e ours” 57 The

nmet hod according to a | east one of the preceding

clai ms wherein flow of the %as cont ai ni ng oxygen is in
9% he Themgigodrecagmerte atilgrst ore 9Tty Rreqeding glainky wheren the total
thr gliaheyt nifr@&nrdﬁﬁﬁfe'dgﬂvered to 4% reaction cell is in the range of 1t0 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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The met hod according to at | east one of the preceding
clains wherein the heating of the cell is perforned
under a reduced pressure. The method according to at

| east one of the preceding clains wherein the
delivering of the gas is perfornmed under a reduced
pressure. The nethod accordj,ng to claim5 or 6 wherein
the reduced pressure of the specified vacuumis in the
range of 0.061 to 0.063 MPa. The net hod according to
at | east one of the preceding clains wherein the total
anount of nitrogen dioxide delivered to the reaction
cell is in the range of 1 to 2 % by wei ght based on

1¢ he Thomathodsasardingds ai least oreaafithegpreqeding clgims wherein the dubggat-
t he, of the
or it s HERHELIRBAGE O £ellpl ofibe AAELIERRO
catalyst. The nethod according to at |east one of the
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| ubgdrtsingg fluid charge. The nethod according to at

| east one of the preceding clains wherein the

M nf reReficaropll wiith @p g1teayal feating slemgpripreoptaiing 4 gmglejof the lubri-
meagjji.ed according to ASTM D 4684. The net hod
according to at | east one of the preceding clains
whemeans fertheatingaheedldo die oxivetiki tmeperhiue ofitedolyicat; at 40C
of the Ifubrlcatthe[}%g %ﬁld i s nmeasured according to ASTM
D 4%8%0S oty thod according to at |east one
of b BsrDeBHling@ gad nihisp 0% Rie af Mevnbtafrfiotaraicigsibbuifade
is an_engine ol] lubricant or a transm ssion or a

hy dfeadthrueh thei cgll; 15. An apparatus to performthe
met g ?&%‘%Qir{égut}o%eﬁaloh@@ ?Js 28 @oﬁ%{amt v Fakefih WostricR rdd
5conprisin eact on cel an i ntegral heating
eIeﬁnm@hﬂmnwbﬁnaawnﬁhgansanple of the lubricant;

te n%lgar%?od F& u%*tzngtrf)gegs re f(r: tIEeC %erlllta(? atrcrcgrgshan%( cgvgtrartﬁoand coll?cﬁng the

| ubfebianyt distille®pans for bubbl i ng a gas conprising
oxygen at a constant flowrate in subsH rface feed

t hr BERFA Ot HEOGEINE, caityER&amPEYS HamdiaRGonhs FBYERS di oxi de

gasmadns %f&@ﬁﬁltlﬂltr(‘;éeﬁ\ﬁ’io&ﬁg ﬁqﬂnﬁ subsurface feed through
the cell for a specifie nmeans for

r edmedna gf peasydng @d@ﬁnttthélg@éﬂrplseddtm%tOfdw@ﬂfﬁm flow rate
and collecting the 15resulting distillate; nmeans of

i ntroduci ng catal ytic amounts of a catalyst to the
16.ubThecmpiraturestnsdigf torkas US Whereini the @ge@ion deldwithlen integral d;
neg%% of neasurig%.and controlling el apsed tine of the
r ealdet udes:

ipgelement mc
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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z0l6. The apparatus according to claim 15 wherein the
reaction cell with an integral heating el enent
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 Iaborat;gpL hood framework; 25a
clanp to connect the cell to the head. 17. The
apparatus according to claim15 or 16 wherein the
heati ng nmeans includes: a tenperature-controller with
an on/off algorithmfor maintaining reaction
tenperature; 5a J-thernocouple sensor; a voltage
controller for maintaining | ow voltage to cell heating
l e a ' : )
13 °TRE el et QR A REORLYS 8 Oh B ting feafte HEAR inchidE:
i nchtgeratdBanntedllectvith en owddrlgedhalfbemahtaimigntation teg-
constant revolutions per mnute;, a stainless steel 45
pi t YDl ade stirrer. 19. The apparatus according to

at heasdmeRpRisedde claims 15 to 18 wherein the
bubbl i ng oxygen contai ni ng gas neans includes: 15an

oxy &nltaga sorftpdier for maintiee oW vieHagstarl hegtingotenpeaht

flow, a flow neter for nmeasuring the flow rate of the
oxygen containing gas; a gas drying jar for filtering
18Di Fheiappafarus prdondingtoyal Enstooa b btha clagnsglédsp 1@ whieg the mixing
temper ature tube positioned to bottomof cell. 20 20.
The ﬁBéT%H % according to at |east one of the clains
15 t0eld@ridvRBioe tdpablb 6f ReRidintconkthit Q@R MitidhOper EmBAS
means i ncludes: a glass graduated tube to neasure the
f | ofvsteitess el AP nitelpdblagie slirde; a stainl ess steel
metering valve to maintain a constant flow of nitrogen
di oxide to the oxygen containing gas bubbling tube.
195 Thd apparatifhecoadipatoat lesstaoe of e plgintsol S¢b 1B edsteinghebubbling
the clains 15 to 20 wherein the reduced pressure at a
con¥PER CPFEUPS BEEERATHYLTi | 1 ate col I ection means

| NChiebggen gas waspiyIEBpRBIETDE Mbihtaingigiconstdnelbwecapacity to
achi eve a constant flow at reduced pres- ssure with a
cl od 8o estar forgnaapgipe e Bew ta ofdbsiveen HalaREeFat e of

t he, QXY @Ry 2P Pk &bt} 8&@8re from the oxygen containing gas;

a high temperature tube positioned to bottom of cell.

20. 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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a stainless steel needle valve to control the flow
rate of the oxygen containing gas; a condenser of
correct size to limt pressure drop and coll ect
distillate and neans of recovering the distillate. 10
22. The apparatus according to at | east one of the
clains 20 to 21 wherein neags of introducing a

catal yst includes: analytical bal ance capabl e of

wei ghing to the nearest 0.0001 gram 1523. The
apparatus according to at |east one of the clains 15
to 22 wherein neasuring nitrogen dioxide Iiquid neans
include: a stainless steel ball valve to vent system
when apparatus is di sconnected; a stainless stee

2 gle efiileeaé)?ﬁgrlaa%ﬁg a&c%rcﬁr?% E?réa? Ileg% gﬁ%{n* HYC19] sI 1i5 QY Fﬁi wﬂéljéﬁlqgeelgduced

oxi d l'ass way plug valve to direct
| i gpriesbureiat b ogstandfilox ratkearidalitillive coliectiont mexge mehidesxi de

gas to cell; a.peterin u t o,evacuat itroge

Gt ok V4R PP G Eiciea gAY 19 fgiehe o consipp! oy, gHHEdloed pres-
appafaiviis a des@rdizng to at | east one of the clains 15
to 23 wherein nmeasuring 25and controlling el apsed tine

of 2 Rew mekeq peasHisdhsilonEiuefdhe @VeEKegptaBg S88ount down

ti

NEsiafeld el &ledle valve to control the flow rate of the oxygen containing gas;
a condenser of cotrect size to limit pressure.drop and collect distillate and means of

recovering the distillate.

22. 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.

23. The apparatus according to at least one of the claims 15 to 22 wherein measuring

24,

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 adcording 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.



