1 3 MAR 2006 WD 03/048763- PCT/ US02/ 35955 METHOD FOR DETERM NI NG RESI DUAL
FUEL AND | NSOLUBLES  CONTAM NATI ON | N USED MARI NE ENG NE LUBRI CANTISMAISIING
UV- VI SI BLE ygRB$IRISCOPY AND CHEMOMETRICS Fi el d of the | nven&_ orrh%OOQﬂ The
present invention relates to a nmethod for-deternining resid &l &F*%and
I nsol ubl es contam nation in used di esel engine |ubricants using UV-visible
spectroscopy and chenonetrics. Background of the Invention [0002] In recent

years, diesel eRfETRODROR DIETERMINERS RESIDUADRI FUENCAND ENSOLUBLESS i n

marine vessel s,cyy mmﬁw US@DM%RINE‘ Sﬁg ANFS USINGR! i ne
di esel . Marine d| esel \l!f speed,
medi um speed or hi gh- ‘%g q% 9‘?‘@ e| ng used

for major, deep draft vessels. Slow speed diesel engines are typically
direct coupled, direct reversing, engines operating in the range of 90 to
250 rpm and BeURbF the' MReffon €Si dual fuels. These engi nes are of crosshead
construction Wth a di aphragm and stuffing boxes separating the power
cylinders fromthe crankcase to prevent conbustion products fromentering
the crankcasejo@od) m Xhegprekd ihientios @ldteaaea aidthodVEst dureanieénly edsddund Fuel
typically operate in the range of 250 to 1100 rpm and nay operate on the
four-stroke oand momhlweomnneanmhgwsecbd@snlesnane lubaeantpiusing, LBésiighle and
nmany operate on residual as vveII They nay al so operate on distillate
fuel contai niR§c Frpqupgad}d#b‘:ﬂ,l Biff: On deep-sea vessel these engines nay
be used for propul sion, ancill ary applications or both. High-speed diesel
engi nes are ar abl tonptive trunk piston diesel engines and are
nornal |y errpl(ﬁgmgég‘—e%&m%ssel s only for special, ancillary
applications. These engi nes gener ally require high quality distillate fuel
oil for satla_fog ggry peratlon MAR 2006 X}O 11,3/ 048763 2 .PCT/ USG2/.35955
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stearn turbines in marine vessels, mainly as a result of the improved economics

of the marine diesel. Marine diesel engines may generally be classified as slow-
speed, medium-speed or high-speed engines, with the slow-speed variety being
used for major, deep draft vessels. Slow-speed diesel engines are typically direct
coupled, direct reversing, engines operating in the range of 90 to 250 rpm and
usually run on residual fuels. These engines are of crosshead construction with a
diaphragm and stuffing boxes separating the power cylinders from the crankcase
to prevent combustion products from entering the crankcase and mixing with the
crankcase oil. Medium-speed engines typically operate in the range of 250 to
1100 rpm and may operate on the four-stroke or two-stroke cycle. These
engines are trunk piston design, and many operate on residual fuel as well. They
may also operate on distillate fuel containing little or no residua. On deep-sea
vessel these engines may be used for propulsion, ancillary applications or both.
High-speed diesel engines are comparable to automotive trunk piston diesel
engines and are normally employed in deep draft vessels only for special,
ancillary applications. These engines generally require high quality distillate

fuel oil for satisfactory operation.



crankcase are |ubricated separately, with cylinder lubrication bein

provi ded on a once-through basis by neans of injection devices 1t31%8R Hppl y
cylinder oplodsstgybricators positioned around the cylinder plin&s, Jhe
crankcase oil provides lubrication for the bearings, gearing, Vvalveée gear
and other ancillary engine conponents and2irs typically an additive-type oil
sel ected for good oxidation and thermal stability, water denul sability,
corrosion protection and good antifoam performance. Al kaline additives may
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bl ow by conbugt ion proaéluct S@béﬁd9w th rlesi éﬁg? fuel corrpongeﬁ s. To ancertai n
extent, bl owttymiad statelityt, awhier deinmdeatsititg ¢@abagr potendntamd goed cmtifoays
takes place, especially with larger engine sizes. Crosshead di esel engines,

e

in fact, genPFEPIpangse Alkaling additixes mayRlee de presert toy gewtralizg apy SHOHLt he
intermnglin f the crapkcase,ail d the .cylinder,oil in,t ffin
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in engine ancillaries fail to performadequately, wth the result that the
cheni cal conpdsinjrgpidyal feed bupmg mediymospesdarupk pistosr enginesl iv | whigh the

formati on accel erated.,with possi bl e f.ouling of the engi ne and, fgi] ure. of
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[0004] Two specific problems frequently arise in marine diesel engines,
narﬁely,_ contamination of the lubricating oil with blow-by combustion products
and with residual fuel components. To a certain extent, blow-by is inevitable
since some leakage around the piston rings takes place, especially with larger
engine sizes. Crosshead diesel engines, in fact, generally have some blow-by
products in the system oil due to the intermingling of the crankcase oil and the
cylinder oil in the stuffing box. The commingled oil 1s generally retumed to the
crankcase despite the contamination. Lube oil contamination with blow-by
products is more direct in medium-speed trunk piston diesel engines, where the
system oi] and the cylinder oil are the same. Raw residual fuel dilution may
occur when seals in engine ancillaries fail to perform adequately, with the result
that the chemical composition of the lubricating oil may be altered and sludge

formation accelerated with possible fouling of the engine and fatlure of major



contam nates wthin acceptable I evels. [00051 The formation of sludge is
obviously undesirable, and it is very inportant to determ ne {8 éﬂﬂtﬁgﬂiﬁe in
order to puevEhsRamage to the engine. This s particularl E‘C?/%SW/:FN
expensive mari ne engi nes. Sludge may be fornmed by fuel contamnation of the
| ubricating oil because the lubricating oi¥-is highly paraffinic whereas
the fuel oils have significant aromatic character, which may be relatively

i mm sci bl e vvith the lubricating oil. Sludge resulting fromraw fuel
dilution is { r@tfuel &ﬂaﬁéh iAdiEd hab&dptatilk
call ed aspha neISMtSTWgH?‘Jﬂg&’t% %eﬁﬂéﬁg ner al pggrq%%&soﬁug epl n the

lubricating ahdin Mbstacabecapse abbut b dlluﬂcmraﬁm bectbmmetierRe@sdlbed thenegpe have
poor combustion characteristics in diesel engines. 10006] Over the past
decade, soreofsentamisption, frenuens moestenn%rﬂj theserigine mle»sp@qngn@éd AR TS
w th excessive depos Wth s |l ed "black sludge" or "black paint"”

i ncreasi ngl y *PB@TYLA sé’f”é‘i‘fﬂ‘&f%ptéﬁ& leXfShaft areas. Likewise, fuel-derived
deposits have been found on piston land, ring groove and under- crown areas.
I ncreased availability of residual fuel with declining quality, conbined

wi th higher [00@S]tioTtherfemdtion of shnifRr is VA& Ngndiefrableasande gt tm very

i ncreased fuel |eakage from punps and 1njectors into the |ube oil

Unbur ned f uellnportaammdﬁ:tcnnmfthemguseeuﬂ order Mprs;vmdabmgorte th@nnglmel ﬁ%uhese
mari ne di esel engin [00Q71 Purifiers. are known to assist greatly
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deposits collect other oil insolubles, siuch as soot, by providing a sticky

surf ace. Deﬁbs |rekart]1vdb91mmumlpihavnhmm1u’mgcfaﬁngmll nSh;g%eans\hlungpfmmsawf?lehe
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charactenstics in diesel engines.

[0006]  Over the past decade, some medium-speed marine diesel engines have
experienced prbblems with excessive deposits, with so-called “black sludge” or
“black paint” increasingly found in crankcase and camshaft areas. Likewise,
fuel-denived deposits have been found on piston land, ring groove and under-
crown areas. Increased availability of residual fuel with declining quality,
combined with higher injection pressures in modern marine engines, has led to
increased fuel leakage from pumps and injectors into the lube oil sump.
Unbumed fuel contamination of engine Jubnicants has become common in these

marine diesel engines.

[0007)  Purifiers are known to assist greatly in cleaning sludge components
from the lube o1l, but the sludge still must get to the purifier before removal is

possible.  Unfortunately, once asphaltenes come into contact with metal



contam nation. Oxidation and insol ubles generally increase as wel4lz %’;hg]gte
trends may al so be attributed to excessive bl ow by of conbustion 'products.

Ther ef or e, yaghgeki@an and quantification of residual fuel cop@mdaLiRL iNn
used marine diesel engine oils is very inportant, although it is difficult
to determine by conventional used oil anaMytical tests. Pinpointing the
cause of these undesir- able |ube oil properties is vital for proper
assessnment of the maintenance action required in a particular case. (0009]

Engi ne bui | de‘crogneﬂ]%li\é?xt&?*iﬁéy wWilTofBGV &I totfRdSand R%&AhI T RAd{tsH, deske! deposiedt

to mnimze lu contam nation. This, conbined with the reformula- tion
of trunk pi steileengihee ofli insolibREDsath o sbet, Byrprocinghishicky sutface.e Hegosiks
fuel, has resulted in cleaner engines in recent years. Still, high |ube oil
viscosity artheltovaspbaltenasamay ifosnds thodagler pars if the spgwe, sweh aethe crank-

articularly inlo | ybe oil cons tion engines. S engi.-ne buil ders
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i nhibit source assessnent, however. 100101 Results of a recent study to
determ ne the cause of viscosity increase in nodern nmedi um speed engi nes
i ndi cat e t hat[0p@8] duBepiosis andnsladpe dormatiory, hoRe kIR 220 0®t \Whe 1ardy 088”6 30f
PCT/ US02/ 35955 -5 npre conpl ex . than V\gdS earlier thought. Cg%ntra %/{ t,0 .
previ ous ass fPPEEINEN dadey sHRedipmispred matme digseh enEWEs on ypicafly, dube @il
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study al so brqught attention to the ipportance of _npasuring various types
of insol ubl esthereipsaqdetgetion andyganantfiqationnef sesidugl el goptpmmatan 1B useded
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discl oses a méthod to detect and quantify unburned-residual fuel in narine
engi ne oil s lahketibenoil properties is vital for proper assessment of the maintenance action

required in a particular case.

[0009]  Engine builders ‘have. been, for several years, redesigning fuel equip-
ment to minimize lube o1l contamination. This, combined with the reformula-
tion of trunk piston engine oils (TPEO’s) to be more compatible with residual
fuel, has resulted in cleaner engines in recent years. Still, high Iube o1l viscosity
and low TBN remain issues today in medium-speed engines, particularly in low
lube o1l consumption engines. Some engine builders believe that the buildup of
pentane (or heptane) insolubles, perhaps more than fuel contamination, i1s a
primary problem. The fact that these insolubles can include asphaltenes, a

residual fuel component, tends to inhibit source assessment, however.

[0010] Results of a recent study to determine the cause of viscosity increase

in modern medium-speed engmes indicate that residual fuel contamination is



el ectron spin resonance (ESR) spectroscopy. Key to the nethod i$3tMpg 7i08ct
that ESR can detect and quantify the vanadi umin unburned residual fuel,

which is |2 resent as vanadyl porphyrins. Since the \ﬁqﬁ [ 05z
bypr oduct f‘?%?n%%% ustion, vanadi um pentoxide, is not detecte %’gﬁmﬁsﬁ?, any

vanadiumin used engine oils detected by -EBR is from unburned residual
fuel. In conbination with conventional netals analysis, which neasures
total vanadium the ESR nethod can determ ne the absol ute amounts of

vanadi um fro OEIIF‘IQ u I f

partially burne %e ,e?s ?ﬁ%o%ﬁg%%ﬁﬁtt'agor\%% tgﬁscfeﬁc’%{sﬁgl\]/ﬁa}ﬁg |Surannd
content of thebférohtibny, Tael ¢dhthfnRg Reid at kasvmsbme aicikmh marusd trdik pidtem
can be cal cul ated. Fuel dilution accuracy is inproved when the vanadium
content of sedérseal engiven;tménedikedptpe essudlr ef unteirned dr partialyneurned asphaltenes
analysis is referred h_o as_." Resi dual l;gel Petection" (RFD),. The RFD,test has
found utilitydranme: ath denlinetantedhs; wbe Hhsnmm posatexme the sppp with other
field-testing W | oLmul-gt i 4} 51 \Y engi

bui | der s have s ¢omtabiET Prodie Bie B Peat! (RHERPERenE D Rhor BEE
prograns. Wi ligelt f Soipételjabubne, MARIIRORS 1443t OrRé &6 3h PGEDhiRAH-35858ron 6
been well received by industry, it is limted in the infornation it provides
and does not rermamsr enfurabd.coihasrisnadyi absod ibragttyattdrdii to Abesimportancreefl
exists for a rapid, reliable method for, exam ning  residual fuel  and

i nsol ubl es coMCARNARRt CRNIeRsEYRese off| Wselublgihin cusedngasines engienatly semplese

I nvention [00L3}. J:he .prese i nyentihaon rel to ne r termning
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i nsol ubles contam nation 1 n marine diesel lubricating oils and~includes the
steps of (a) aiemsive fior opent nakd oflaamatiaia over a frequency range

substantially equivalent to that of ultraviolet- visible light for reference
| ubricating oil sanples with known properties and concentrations of

e dual el e Ik SR 295055 B ARSI LA Sard R Rl
caL oo Lneasemeadl odeiy ey lactal SR " nisanElant 53 sk
sanpl es, theckctronlspuatresenaniet EESR yspkdmpsooans Kely wotheemethodal thedottthatal
methods: (c) ESR can detect and quantify the vanadium in unburned residual fuel, which is
largely present as vanadyl porphyrins. Since the vanadium byproduct from
combustion, vanadium pentoxide, 1s ﬁot detected by ESR, any vanadium in used
engine oils detected by ESR is from unburned residual fuel. In combination with
conventional metals analysis, which measures total vanadium, the ESR method
can determine the absolute amounts of vanadium from unburned and combusted
fuel. If raw fuel, rather than partially burned fuel, is the dominant contaminant
and if the vanadium content of the fuel bumed in the engine is known, percent
fuel dilution can be calculated. Fuel dilution accuracy is improved when the
vanadium content of several recent fuel samples are averaged. This method of
analysis is referred to as “Residual Fuel Detection” (RFD). The RFD test has
found utility in both technical service applications and in the field-testing of new
lubricant formulations. In addition, several engine builders have used it in their

own engine testing and component improvement programs. While this test has



obt ai ni ng spectra of sanples of marine diesel lubricating oil w t1h§ MAKHBWwN
concentration of residual fuel and insolubles over a frequency range
substanti a i,valent to that of ultraviolet-visible [i . ==d)
processingk%%"yggﬁgined spectral raw data of step (c) and gg%?@?ﬁgl%he
devel oped calibration nodel to the processed data in order to determine the
paraneters reflecting the level of residual fuel and insol ubles present in
the marine diesel lubricating oil, Once Steps (a) and (b) are devel oped,
Steps (c) andbéeh walleregtived bpphdusdRg it MRl ehe Inf3nARoRGDproV-es and
03/ 048763 PCT/ U502/ 35955 -7 [0014] Accordingly, it is a primary object to
provi de a net thoes iameasant fielgontaaimitiah diteetlycont ani nants in mari ne di esel
| ubricating oils. [0015] It is another prinmary object to provide a nethod
for exam ning insolubles contam nants in marine diesel lubricating oils.

[0016] It is lLgni fj cant, object, to. provide_a.gethod,.for exantning . .
contam nant s fhrsﬁhgri ép‘él%’eﬁ ﬁ‘?ﬁﬁlr F&is?ﬁ ﬁ%r 8i f@‘&ﬁ&&‘ %4‘358? oggli)qrde%dtammg
retiable WheRsERIPALA Gl iholBblts cdffBihaRR! MOfrint kel ubiRaBnglsOL hET
objects and features of the present 1nvention w be apparent™fromthe
detail ed description taken with reference to acconpanying figures. Brief
Description of the Drawings [0018] Figure 1 shows the correlation of results
obt ai ned frormmm_gjngﬁlﬂﬂi si bl e spectroscopy nethod of the present

i nvention to the Residual Fuel Detection (RFD) nethod of U. S. Patent No.
5,169, 785. [0019] Figure 2 shows a conparison of results obtained for

conventi onal St | t ' Mﬂﬁﬂ]% od. base
stock | ubri ca@g.g][Ogg&kpllﬁlg%&r@%gﬁéwga%m{éﬁem%g%%e a Fé)lﬂ&eotg res t% ssﬁlt?g?g?ned
from the ult rgon Ghemharine Sdibbel RibeiatingCcoily NEhdGHethbdt he bees doind nNvehiven
to ASTM D-893 for pentane insolubles. 13 MAR 2006 WO 03/048763 o

PCT/ US02/ 3595marticulgr utlipy in Fipydiyeestimdtings reshdual duekand insoluliles eantamgnation

btained fromthe ultraviolet- . . : ..
optatned T O marine dicsel uberEcatmg oils and includes the steps of: (2) obtamning spectral

raw data over a frequency range substantially equivalent to that of ultraviolet-
visible light for reference lubricating oil samples with known properties and
concentrations of residual fuel and insolubles; (b) performing chemometric
techniques to the spectral raw data obtained in step (a) to develop a calibration
model and calibrate the spectral data with actual values for parameters reflecting
the level of residual fuel and insolubles contamiﬁation of the reference samples,
the actual values determined by means of conventional analytical methods; {c)
obtaining spectra of samples of marine diesel lubricating o1l with unknown
concentration of residual fuel and insolubles over a frequency range substantially
equivalent to that of ultraviolet-visible light; and (d) processing the cbtained
spectral raw data of step (¢) and applying the developed calibration model to the
processed data in order to determine the parameters reflecting the level of
residual fuel and insolubles present in the marine diesel lubricating oil. Once
Steps (a) and (b) are developed, Steps (c) and (d) are quite rapid and

automatable.



vi si bl e spectroscopy nethod of the present invention to ASTM DBBM%%
tol uene insolubles. [0022] Figure 5 shows the correl ation of rekal

obt ai ned fgy 3 e i(al ibration set fromthe ultraviolet-visible s&ec_’gr_oscopy
met hod of tHE"PF&¥nt invention to the modified Fourier tr&hdfoPhT ™t rared
(FTIR) method DIN 51452 for Soot |ndex. 160231 Figure 6 shows the
correlation of results obtained for both the calibra- tion set and the test
set fromthe ultraviolet-visible spectroscopy nmethod of the present
invention to di fied,Fourier transform.infrared. { FTIR hod DI N
51485 1 or SoolW0dllox ACGRAIBEN i & PRISHSADIEHoJIPYide SOl T9ioctariing
obt ai ned for i Qrati.on t. f Ravi -vi si bl e spectroscopy
met hod of the}egfdgggﬂaicﬁbie%"gﬁgtlg ’;‘?‘ﬁ%’! ?é&gfsfa%’?*‘f‘@é?fm‘ STM D-5967. 100251
Figure 8 shows the correlation of results obtained for both the calibra-
tion set and the test set fromthe ultraviolet-visible spectroscopy nethod
of the presef0liShvent iipnanatheheriifidrys objedt est ,préaddy B medod Dot agnasdning
Description of the_ Invention [t0026] The content of unpurned residual fuel
and i nsol ubl edspiiblesccpntaimants By maring diese! hric@tiBg®lsdi ng to the present
invention by ultraviolet-visible (UV-Vis) spectroscopy and chenonetri cs.
When seeking to estinmate residual fuel contamnants, a portion of the U/
spectrum t hatgg engj ti.ve t i ¢S W=atked, nsd SQhEnik
asphal t enes i[sm};ii6 h \S/I\}tiﬁ gr os(i) tlﬁgﬂﬁr?tlt ng ?dtTﬁgnﬁg‘éﬁﬁf igs ngétgsﬁ/ArR&SOOG VWO 5
03/0487(3 9 RedrthiniRnS I matinediest] fabricstivig foils! thaons dwthaapil andirfelable
equi val ent based on the aromatic fuel conponents neasured. It is inportant
to note that Whenicemparesk witheathercknavie matheds.cs i s not necessary. [00271 The
W-Vis nethod of the present invention may al so be used to estimate various
types of insolubles, which are very inportant to engine builders in their
diagnostic ef [gpiirg. es€ARATSIRE! bBjeRROAd MExhurie i B Gfledetlt iRAltion WAPIHED! es
type. The types i nclude pentane |ns"ol ubl es, toluene I1nsolubles, Soot |ndex
and TGA soot . aparentnfromdich ddtagletli desicaption t taker ash abfeenes té acyomphnydhg

figures.

Brief Description of the Drawings

[0018] Figure 1 shows the correlation of results obtained from the ultraviolet-
visible spectroscopy method of the present invention to the Residual Fuel
Detection (RFD) method of U.S. Patent No. 5,169,785.

[0019]  Figure 2 shows a comparison of results obtained for conventional base

stock lubricants to that obtained for hydroprocessed base stock lubricants.

[0020]  Figure 3 shows the correlation of results obtained from the ultraviolet-
visible spectroscopy method of the present invention to ASTM D-893 for

pentane insolubles.



these used oil properties froma single UV-Visible spectrum \/\hiﬁﬂ&,‘mqwﬁres
only a few mnutes to acquire. This is in contrast to the tine

| abor - i nt eQsy TM test nethods to which sone of these c 400281
The UV-Vi saﬁn%s%ﬁgﬁﬁgf the present invention has been found thrr@"oS?f% ’e):r’fient t he
RFD met hod of U.S. Patent No. 5,169,785, dgscribed above, when seeking to
estimate residual fuel contam nation in used marine |ubricating oil

sanples. U S. Patent No. 5,169,785 is hereby incorporated by reference for
all that it discloses, Wereas the RFD net hod neasures. the quantity aof
vanadi um i n ti9821br mFagurezhshws gy eeryelaian obvesylts %é%d&%ﬁ?ed@%@é@?tt he

aromatic character of the oil s Le..Fromthis infor.mtjon Iogh
percent of u‘ﬁ@f?f%es@ei:gg?ctﬂ?é’l Wﬁggdc%tté?ﬁmgﬁ?@ f'bvegéf’f‘ qé%SﬂQ'ﬁ ]ﬁ?ggng%r
the two nmeth ifferent "markers” of residual fuel. Wile both
met hods can ggﬁggﬁg#gpgﬁq a key advantage of the UV-Vis nethod is that it
neasures the anount of undesirable unburned fuel contam nants directly. A

second advantage is that it can also estimate insolubles (pentane and/or
hept ane), wi t[8822] doFrgpre 5 shows cbeswmehayicax of aetilismobtamedeior the cadibratome

soot levels. [0Q291 This UV-Visihle analysis is rfornmed by first naking a
dilute sol utS%b%oa? th¢ |u?l(%fﬂslﬁt-wgfqamc ORCRR: Fbﬁﬁ&%ﬁéﬁ?%gﬁthW%t% hen
i ntroduced 1 2006 . 0 - t o ell.
The. Uv- visi bithe SHSHERAFoEeRndoRe [ 8C IR mahfa ' B13 F1452, Kol
enpl oyi ng a ljggesstray |ight doubl e-nmonochromator spectroneter. The spectrum

is corrected for path length and dilution where the final unit for the
spectrumis ni [0030] Spectra are acquired on a nunber of different sanples

for which key used oil properties, such_as pentane_insol ubl es, have_ been
measured. A dR@Ad nEigure éﬁwsw@éﬁamap r%liﬁsmt@naatfar Bythcthecalibrang
the key propeyti t he I oG I el hs it
accurately eg{qnnact%eu%e cptrﬁaég{iftfr é@ %126\5}% ﬁgotli;ftl %?%ee%é%‘tttp(gﬁcgggn'#@?duose%mf or
the devel opmipésept ihDentrdi1®RE thediTRdCFouriér &rahsRem! BfréRli QIFIRYInéMbd

[ 0031] For this invention, chenmonetric nodels were devel oped for Several
key used oil Ipiddpe452 éor Somdndeal fuel contami nation, pentane insol ubles,

tol uene insolubles, and soot as neasured by Fourier Transform Infrared
(FTIR) and by

[0024] Figurcr 7 shows the correlation of results obtained for the calibration
set from the ultraviolet-visible spectroscopy method of the present invention to
the TGA soot test, ASTM D-5967.

[0025]  Figure 8 shows the correlation of results obtained for both the calibra-
tion set and the test set from the ultraviolet-visible spectroscopy method of the

present invention to the TGA soot test, ASTM D-5967.

Detailed Description of the Invention

[0026]) The content of unbumed residual fuel and insolubles in used marine
oils is estimated according to the present invention by ultraviolet-visible
(UV-Vis) spectroscopy and chemometrics. When seeking to estimate residual
fuel contaminants, a portion of the UV spectrum that is sensitive to aromatics is

monitored, since the core of asphaltenes is rich with aromatic rings. The result is



Thernogravinetric Analysis (TGA). These properties assist in pi n i n@l@% t he
type of contamnation in the oil, particularly those related to
vant age of the present invention is that all of t

fuel. A ke
properti esy\%ﬁg%ﬁ?@stl mated with a single spectrum which IPEEUISI"E@”OM y 10

to 15 mnutes to conplete. It is known that.the nmeasurenent of insolubles
and TGA soot by conventional neans typically requires an hour or nore to
conplete, with the estinati on of fuel contami nation even nore difficult.

Pent ane | nsol ubl es [ 0032 tane i nsol ubl es in.used marine ngi ne oil
sanpl es i ncl uBle’cq Qﬁai?‘iré’ce%' figgl canjaminanty, T it HAyAYa ﬁEmrr}BﬂSFQron 8(’&3‘&@ el

matter can ingl ggngﬁgt me%?hﬂ:'dzedlt ak! i Sa@gt}gle%lg&eag?gwéﬂgﬂg@nbf: fmjter

may be dirt, san wear calCi u t ane

i nsol ubl es i nchis@etefiREENR Mitinecadsarnppone 1 3 MAR 2006 WO 113/ 0-8763

PCT/ US02/ 35955 -11 tines neasured,” but it is not a wi despread practi ce.
These insolubles contain the sane types of nmatter as pentane insol ubles but

| esser am)unt of_.as ne erhaps oxidized oil, are precipitated.
Therefore, t hDUFa pﬁﬁﬁb&:ﬁ\’ Bis ﬂﬁ@&rﬁﬁé tﬁﬁﬁ?%ﬁe‘é“’ﬁh‘é‘eﬂ mak s Be iedat Oer

t han pent ane 3 S

conducted in %&@g‘lriﬁ%g!ta&%m% clfn% "t%a %@Q}e ?%{gals S é&%ﬁé@gﬁﬁ
D-4055. ASTM - @fdr dx@gn?ssﬁ@rgffdﬁsUg@né“éhB%n?&ﬂctr%d@lr @J‘a‘érdé‘@l(ﬂﬁd ait @icﬂ hi s
met hod i ncludes addition of a coagulant to help precipitate small insoluble
particul at es. m@ohﬁ:ﬁ&s typea The types mchnienp&mmh irpodulgls, aohmelmsddbmpeﬁbng

such as 1.2 m O these nethods, i ne buil ders_ typical prefer D893
in their usedhslew ade EOH mtl%'hgneav est&t@ﬁtesusféhfwmabfémcmaﬁm lof

Tol uene I nsol ybl es 4 i NSO sed marine, oi

el ude soot tese B8 phonetHF ot g ete hﬁ?— RIS RhecRRi SRS RREPES SRR be
dirt, sand, wegew HRh&¥es toCa%J ﬁiﬂém TR & iPtbnirsdt! & &ROtiflel ad dattiPaInsARES
are soluble in tol uene. he nmeasurenent of toluene insolubles nay be
conducted in AS\'I‘Mltﬁtynethbdsmywh:@mm(t ofidersd comtelarel | s ASTM D-893. Agai n,
D-893 is a centrifugal nethod and the preferred option of this nethod

i ncludes addition of a coagulant to help precipitate snmall insol uble

particul at eS'[0028] The UV-Vis method of the present invention has been found to
complement the RFD method of U.S. Patent No. 5,169,785, described above,
when seeking to estimate residual fuel contamination in used marine lubricating
oil samples. U.S. Patent No. 5,169,785 is hereby incorporated by reference for
all that it discloses. Whereas the RFD method measures the quantity of
vanadium in the form of vanadyl porphyrins, UV-Vis spectroscopy detects the
aromatic character of the oil sample. From this information, the weight percent
of unburned residual fuel contaminants is estimated. In essence, the two
methods use two different “markers” of residual fuel. While both methods can
be automated, a key advantage of the UV-Vis method is that it measures the
amount of undesirable unburned fuel contaminants directly. A second advantage
1s that it can also estimate insolubles (pentane and/or heptane), without doing a

time-consuming extraction, as well as estimate soot levels.

[0029] This UV-Visible analysis is performed by first making a dilute
solution of oil (about 400 PPM) in cyclohexane. The solution is then introduced



Soot I ndex [0036] Soot in used marine engine oils may be nmeasured in several
ways. None, however, neasure soot particles exclusively. Sone Iglgq‘mﬂtz%i es
use an FTJ“J%‘ "t4FP(9 (DI'N 51452) to nmeasure the anount by scgé_'&nerq of [Lnhfrared
radia- tion relative to new oil. Net "absorbance" is measured at 't reguenci es
where 13 MAR 2006 WO 03/048763 PCT/ US02/ 35885 - 12 there is little or no
interference fromthe oil or additives. Soot Index is a nodification of DN
51452 whereby the net "absorbance" is neasured at 3980 cm1 (2.51 p rn)
only. This gi\xe t .3 mrharn{/C T oy | @)

about 3 W% ‘ér%\}iaﬁé‘gﬁ%e?@';nrﬂe‘@&%?;v}r\s?gﬁsgi%ﬁﬁgﬁf 1esvtzllxs'gl @ﬁgﬁgggn@géaﬂge of

i norgani cs | aXARLEHOO Hitn &m{ggahgarlowwgy thf acllsitionodapiakd rdfhenért
interfere with this test. Soot [0037] The TGA Soot Test (ASTM

D5967- AppendiThelypéctrnuam ne asmeeted for pathdengthoandodibutsan wherenthiediinal lunithfor thoes
not pyrolize under nitrogen as the sanple is heated to 650C. For distillate
fuel applicatSP6RBUM i BMmaterial is soot. For residual fuel applications,
this material is soot plus asphaltenes (al beit vis-broken asphaltenes).
Dat a Anal ysis [0038] Data anal ysis using chenonetric techniques permts the
devel opment [Gb3ﬁ!iﬁa't§ Cathi 20 JBRGRd omeh&nﬂfelﬁ oF Qi feAlnt GARIPIEETST Which key

techni ques that c used, such as: Partial Least Squares Regression

(PLS), Ml ti hisedasil Peopertiss, suchAsgensare ipbbRblesPhianeibeah nikaspeetentss chemo-
Regression (PCR), Principal Conponent Analysis (PCA) and Discrim pant
Anal ysi s. Thengirst modeliiscdryabopadefrpmethisedatai byueorrelatiag dhe Hey Psopgrties théhe

PLS T's 8 moddPPREALTARcohBGEaE, BhLIE MERDL By ARG LTI A BIOEIER Pbhs
Gata (spect U o THeSEF DL SHAHES y8Ed YO LR MERoindr ol Gl dhenfiZhEter O
nmeasured on tiheaRed @PLAShraBynlsbe quantitative rel ati on between the bl ocks,
it is 13 MAR 2005 WD (13/048763 PCT/ US02/ 35955
[0031]  For this invention, chemometric models were developed for several
key used oil properties: residual fuel contamination, pentane insolubies, toluene
insolubles, and soot as measured by Fourier Transform Infrared (FTIR) and by
Thermogravimetric Analysis (TGA). These properties assist in pinpointing the
type of contamination in the oil, particularly those related to residual fuel. A key
advantage of the present invention is that all of these properties can be estimated
with a single spectrum, which requires only 10 to 15 minutes to complete. It is
known that the measurement of insolubles and TGA soot by conventional means

typically requires an hour or more to complete, with the estimation of fuel

contamination even more difficult.

Pentane Insolubles

[0032]  Pentane insolubles in used marine engine oil samples include a variety
of organic and inorganic matter. The organic matter can include soot, oxidized
oil and asphaltenes. The inorganic matter may be dirt, sand, wear metals,

calcium salts, etc. Note that heptane insolubles in used engine oils are some-



- 13 possible to enter spectral data for a new sanple to the descriptor
bl ock and nake predictions of the expected responses. One grea,h Yambage
of the mt\pﬂqujﬁwfgat the results can be eval uated graphi callkl Dy .
different Profe¥’Ph nost cases, visual interpretations of FREUH26T"%r e
sufficient to obtain a good understandi ngldf- different relations between
the variables. The nethod is based upon projections, simlar to PCA The
PLS nethod is disclosed in detail in Carlsson R, Design and optim zation
in organic s i M | K ] thaat

handl ing in ¥t hkasurél, G e %{3‘35"‘3’”?% read ,36}4552¥?é§\}g| Sigbleconth e
Regr essi on A@ahwr'y?es( M hatt€l049 beBwunbliRsolubesbbstt lebsdrt amguiisasteadphialtehes,
kappa nunmber as a function of the spectra is defined, using | east squares

t echni ques t endepérhepeamtidizedndidy yrofprecipitatgdaneThetafarepithadotad amenntuséd to
recogni ze ang assign edjcted val ye to an., unknown kappa, nunber. This
techni que is WF&'I‘%C\?“&{CW euldinsver b greates thag peatane 1 S where there is
not a significant anmount of matrix interference and, in contrast to PLS, it
requi res nore objects than variables. Principal Conponents Regression (PCR)
[0041] PCR 'FO@3]$3|Thé SRk Brbm it BEDepRMe Rholubisiay 66 cof@Gite@h @CFariety the
descriptor block'is projected onto a | ower dinensional space yielding in
scores and | ofisNayys. TWbestadard snetheds henASAM 3893 aghilrd055 heA SENDDABES
block in a least s t hat can

_%ar esﬁﬁlr ocedure leading to a regression_nopdel

be used to prageemiugdBakhodand e prafserednatioroekthis methed includes additers and
PCA can be uged to yalidate the. npdel. Princi.pal onent. A Si CA) 13
VAR 2006 vio 815 cengiat R BasrisRtcerall 1o iR e BRRE 4035 45p Tk
correl ated vgph i e J4n f e

variables. T ?sa]%gl?\)gf %??rg |gn§)§§ﬁgds%§erg?§g§é%}?%% ?lg% of” tﬁg%%%oﬁpﬁgjtsé
system resuthiging buildefhe tgdicgivipréfeoD-893 dn thtir azedvibspeificativmzpalthowgh axes
than in the original arrangenent. Hereby, the variables that are highly
correl at ed wsamease theipomarmgthdd. be treated as a single entity. By using

PCA, it thus will be possible to obtain a small set of uncorrel ated
variables still representing nost of the information which was present in

the ori gi nal Tgfen®finsolubles

[0034] Toluene insolubles in used marine oil samples include soot and a
variety of inorganic matter. The inorganic matter may be dirt, sand, wear

metals, calcium salts, etc. Oxidized o1l and asphaltenes are soluble in toluene.

{0035] The measurement of toluene insolubles may be conducted in a variety
of ways. One standard method is ASTM D-893. Again, D-893 is a centrifugal
method and the preferred option of this method includes addition of a coagulant

to help precipitate small insoluble particulates.

Soot Index

[0036] Soot in used marine engine oils may be measured in several ways.
None, however, measure soot particles exclusively. Some laboratories use an
FTIR method (DIN 51452) to measure the amount by scatter of infrared radia-

tion relative to new oil. Net “absorbance” 1s measured at frequencies where



vari abl es, but being far easier to use in nodels. In general, 213) %ﬁs o
principal conponents wll account for 85%to 98% of the varianc ¥ g[]r%
vari abl es.“,oqu‘hg%,rz' embodi nent i ncludes the transformation gf- SR&SLLAL data
into principal conponents (with or without data processing) and thus
nmonitoring the principal conponents as fub2tion of tine and relating these
val ues to paraneters comonly used for process control. [0043] For a
tutorial in PCA, PLS and PCR, see P. Celadi et al in "Partial Least-Squares
Regr essi on: ‘ERIH; ) '1@&1‘& of nBONHterfeintt eI thel B of -atfdifiv@S6)Soot INIER isSa
incorporated herein by reference in its entirety. D scrimnant Analysis
[00441 This imiodificitivadofMHNeSY45Dwhigebpthes pectslorb@io” it hredsnpsd ak AR
nunber values are grouped into different clusters, separated by |inear

deci si on bowmar(2e$] Empwonly.s Fhiscgivasma eessbingimslast touthen dnA kSegtaT exindses

ggggﬁjag.egjbr é&?:ix%étp%d%ﬁ'gi_’sf oéﬁrqﬁﬂ&ctnzégq_k2%%&5?@%:%?32?% Séii erded
obt i n st at | SPPHAiSY IRl FRoukE o, St itRR, Pt [ ARIGRLTTR b8

il lustrate thgtdfaeth ifféqeadti on and denonstrate that the residual fuel and
i nsol ubl es contam nation in new and used 1 3 MAR 2006 WD 03/ 048763

PCT/ US02/ 35955 - 15 marine lubricating oils may be rapidly quantified by
the use of UV-Vis nmethod of the present invention. EXAMPLES Exanple 1
Resi dual FuellQA 3804t i on Sanpl es [0046] To establish a calibration set of

sanpl es, the follow ng types were included: seven sets of new Mbilgard 440
sampl e Con qpp3g} o il B £LRlr ol Ve Tyt B3R Sslest 0 LOmiebiens,
ised oi | saneppauipg GUnbURete rifreridl Wb oy 4t el iier et Xy O
appT oxi At o1 38 o 00 ot 7 5 ot o and 19 Mok Svey o eTh O C e s
sel ect ed wer Fagbresideal fuel applications, this material is soot plus asphaltenes (albeit

vis-broken asphaltenes).

Data Analysis

[0038]  Data analysis using chemometric techniques permits the development
of a calibration model. There are several chemometric techniques that can be
used, such as: Partial Least Squares Regression (PLS), Multilinear Regression
Analysis (MLR), Principal Components Regression (PCR), Principal
Component Analysis (PCA) and Discnminant Analysis. The preferred chemo-

metric technique, in accordance with the invention is the PLS method.

Partial Least Squares Regression (PLS)

[0039] PLS is a modeling and computational method by which quantitative
relations can be established between blocks of vanables, e.g., a block of
descriptor data (spectrum) for a series of samples and a block of response data

measured on these samples. By the quantitative relation between the blocks, it is



fromvarious regions of the world and have a wi de range of asphaltenes
content. A :ci sting O}‘ t he Ijuel prf)pgrt les is in Tab: e 1, bel 0W. 3 Wb 1085 |
Properti es,of ..F Qls Used in Calibration Set Sanple Kine ' Sity

Sul fur Asp“g)l({sg'gggs’ Vanadi um No. Vi scosity @ CCAl wt % wt % (pn @8‘8%(%%?150 cSt
1173. 50. 95308232. 67. 8120 2N AN AN/ Al. 97. 1110- 3756. 70. 99748524. 312. 4120

4423. 6N AN/ A2. 510. 4330 5635. 90. 96728231. 99. 2220 615. 780. 92868351. 92. 629
7350. 50. 98608482. 49.181 1 3 MAR 2005 WO 03/048763 PCT/ US02/ 3595 - 16 [00481
Each cont am | hﬁ’m ge

t hat may havgﬁ#s g&#ﬁ?%ﬁg@ %{ﬁ?ﬁ ggﬁ%ﬂﬁgﬂ%ﬁg{ i%?\kgfﬁg:r Eiéels':jt:c sarrglelgxm\ixg{sﬂ%ased
on the resul tpradiciianadt tie bxyeted respbasesi |0nes greapadesithgg of die inehodvianhati um
content of the fuel added. [00491 Two of the seven test fuels were also

bl ended wi t h thevwesodtsycanche eyaluatedtgraphicaldy,diy differont plots.t Invmostieases. vsaal

O O A P R B o S 00 SRR e
(Nobi T gard adBEtefRs FFipuBhs JHPeGEms, Bafibles rmhe ephdi RLAEH oy (HBIRERs 1
respectively,simflér f9PTAO Th/APL8eRRthod is disclosed in detail in Carlsson R., Design
and optimization in organic synthesis, B. G. M. Vandeginste, O. M. Kvalheim,
Eds., Data handling in science and technology, (Elsevier, 1992), vol. 8.

Multilinear Regression Analysis (MLR)

[0040] By MLR, the best fitting plane for the kappa number as a function of
the spectra is defined, using least squares techniques to define each boundary of
the piane. This plane is then used to recognize and assign a predicted value to an
unknown kappa number. This technique is generally limited to relatively “clean’
systems where there is not a significant amount of matrix interference and, in

contrast to PLS, it requires more objects than vaniables.

Principal Components Regression (PCR)

[0041) PCR is closely related to PCA and PLS. As in PCA, each object in
the descriptor block is projected onto a lower dimensional space yielding in
scores and loadings. The scores are then regressed against the response block in
a least squares procedure leading to a regression model that can be used to
predict unknown samples. The same model statistics as in PLS and PCA can be

used to validate the model.

Principal Component Analysis (PCA)




included in the calibration set to test for no contam nation. Eight used oil

sanpl es were selected to represent high, noderate and |ow fuel 13 MAR 2006

cont am natigg,‘13 ﬁ‘? determ ned by RFD. The anount of fuel varlg(g_gug‘romo to 15
] ( L

w% A sarrﬁl WY zero fuel contani nation, see Sanple No. §§§97:);,

bel ow, contained a |arge anount of soot. -UYgi-ng these sanpl es, several
chenmonetric nodels were developed to estimate fuel contam nation, [0050]
The UWV-Vis analysis is performed by first making a cycl ohexane solu- tion of

Glase bottle [00AEIGTRY REACRYER! RrBfted Sadableths SonBriastR ifiol L SPRREPLS
oi | (about 00@3??00%5@(@9“&&@9c§0| PhisORaMfoAhaHOE ARiFENS al RERIS R thee

wei ghts of sanple and solution. The solution is introduced to a 1 cmflow

cell. The W cepelifatesysteniesuliguinrthd alignhtent rafrigforafatitmOon @ feS@r mumber
enploying a low stray |ight doubl e-nmonochromator spectroneter (e.g.,.Perkin
El mer Lanbda 9of axes than inm@je omgmal sexangement Ebarebwt de vasrables that anetighlyid

di lution where the final unit for the spectrumis. ml. The f]ow.cell.js.

{1 nal |y vashedomFed Jaih s snetidh willips BESedi A8 Single AURD ) By BRinG Gror
bot h nodel deyel.0 ng .a 1,9487 - : .
PCT/ US02/ 359 Snl&ﬁgmkeaﬁgﬁéiles%%%ﬁf PR o o, Lﬁﬁggéaé’l?‘igg??ﬂagﬁssé%l es
are shown in rehibicinhg mOBEBfhe WMfofnmdtidhewRRstiiMas preséd bt i0piRindD set of
03/ 048763 MAR 2006 PCT/ US02/ 3595 -18 Sanpl e Fuel Content Fuel Content
Nunber V or Rrariables, buivbaing fardasied 18.useAn3m@déls2 In @enatl,62 70613 privtial 3
8.6 ‘ . .
components will account for 85% to 98% of the variance of the vanables.
Another embodiment includes the transformation of spectral data into principal
components (with or without data processing) and thus monitoring the principal
components as function of time and relating these values to parameters

commonly used for process control.

[0043] For a tutorial in PCA, PLS and PCR, see P. Geladi et al in "Partial
Least-Squares Regression: A Tutorial” tn Anal. Chim. Acta, 185, 1-32 (1986),

which is incorporated herein by reference in its entirety.

Discriminant Analysis

[0044]  This is a method whereby, by use of spectral data, the known kappa
number values are grouped into different clusters, separated by linear decision
boundaries. From its spectrum, a sample of unknown kappa number then can be
matched to a cluster, and the kappa number can be assigned a value, e.g., the
average value of the cluster. This is a very useful technique for quality screen-

ing, but requires a very large database to obtain statistically significant results.

[0045] The following Examples illustrate the present invention and

demonstrate that the residual fue! and insolubles contamination in new and used
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marine lubricating oils may be rapidly quantified by the use of UV-Vis method

of the present invention.

EXAMPLES

Example 1

Residual Fuel Cahibration Samples

[0046] To establish a calibration set of samples, the following types were
included: seven sets of new Mobilgard 440 samples contaminated with residual
fuel, two sets of a fresh 40 TBN competitive oil (Comp. Oil A) contaminated
with residual fuel, three new engine oil samples (Mobilgard 430, Mobilgard 440
and Comp. Oil A) and eight used oil samples.

{0047] The seven sets of fuel-contaminated samples were formed by blending
one of seven residual fuels with new Mobilgard 440 at approximately 2.5 wt%,
5.0 wt%, 7.5 wt% and 10 wt% levels. The seven fuels selected were obtained
from various regions of the world and have a wide range of asphaltenes content.

A listing of the fuel properties is in Table 1, below.

Table 1
Properties of Fuel Oils Used in Calibration Set
Kinematic Density
Sample  Viscosity @ Suifur  Asphaltenes Vanadium
No. @50°CeSt 15°CeSt  CCAI wit% wt% (ppm)
173.5 0.9530 823 2.6 7.8 120

1

2 N/A N/A N/A 1.9 7.9 100
3 756.7 0.9974 852 4.3 12.4 120
4 423.6 N/A N/A 25 10.4 330
5 635.9 0.9672 823 1.9 9.2 220
6 15,78 0.9286 835 19 2.6 29

7 350.5 0.9860 848 24 9.1 81
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[0048)  Each contaminated blend was decanted and centrifuged to remove any
sludge that may have formed. The amount of contamination for each sample
was based on the resulting vanadium level in the oil as a percentage of the

vanadium content of the fuel added.

[0049] Two of the seven test fuels were also blended with new Comp. Oil A
to test the effect of additive variations. Comp. Oil A is known to have a
distinctly different formulation from Mobilgard 440. Blends were made as
described above and the samples included in the calibration set of samples.
Additionally, three new oil samples (Mobilgard 430, Mobilgard 440, denoted in
the Tables as MG 430 and MG 440, respectively, and Comp. Oil A) were
included in the calibration set to test for no contamination. Eight used oil
samples were selected to represent high, moderate and low fuel contamination,
as determined by RFD. The amount of fuel varied from 0 to 15 wt%. A sample
with zero fuel contamination, see Sample No. (98-18397), below, contained a
large amount of soot. Using these samples, several chemometric models were

developed to estimate fuel contamination,

[0050]) The UV-Vis analysis is performed by first making a cyclohexane solu-
tion of the oil. The solution is prepared by adding a drop of oil in a disposable
glass bottle and adding about 100 ml of cyclohexane to the bottle (1 drop of oil
(about 0.03g) in about 78g solution or around 400 PPM), recording the weights
of sample and solution. The solution is introduced to a 1 cm flow cell. The UV
spectrum is then acquired in the range of 250 to 450 nm employing a low stray
light double-monochromator spectrometer (e.g., Perkin Elmer Lambda 9, 18, or
19). The spectrum is corrected for path length and dilution where the final unit
for the spectrum is pm™'. The flow cell is finally washed with cyclohexane and

dried. This procedure is followed for both model development as well as



Used MG 440 Used MG 440 Used MG 440 Used MG 440 New MG 440 New MG 430
Description + Fuel Sanp. No. | + Fuel Sanp. No. | + Fuel Sanp} MNbZUUEi_ +
Fuel Sanp.,,, 3+ Fuel Sanp. No. 2 + Fuel Sanp. No. 2 a/m
+ Fuel a\\Hq}I{B487§ + Fuel Sanp. No. 3 + Fuel Sanp. No. BP&:H Eezﬁ
3 + Fuel Sarrp No. 3 + Fuel Sanp. No. 417+ Fuel Sanp. No. 4 + Fuel Sarrp.
No. 4 + Fuel Sanp. No. 4 + Fuel Sanp. No. 5 + Fuel Sanp. No. 5 + Fuel
Sanmp. No. 5 + Fuel Sanp. No. 5 + Fuel Sanp. No. 6 + Fuel Sanp. No. 6 +
Fuel Sanp. Nogifowh EHAYsiSaTRests 6 edctFue! hSa@ibriNon Sampi&igle SWn ibo. 7
+ Fuel Sanp. No.

Tablez.

TABLE 2
UV-Visible Results on Calibration



+ Fuel Sanp. No. 7 exMVAex MV B ex MV C exMNB exMVD exMVD exMVD
ex MV D New Conp. G| A 100511 Plots of the estinmated versus t gﬁ@gl

fuel contapj ' | evel s were nmde for the seven fuels i )dar d
440, and ta‘gémg@sx?&strai ght line 13 MAR 2000 WO 03/ 048763 Pm@% /35955 -
19 through the origin was fit through thd8data for each fuel. Linear
correlations and slopes for each of the fuels are listed in Table 3, bel ow
TABLE 3 Linear Correlations for Fuel O Added to New Lube G| Fuel Fuel in
New Mobil gard 440 Fuel in Conp. Gl A Sanple Line R Value Line R Val ue

Nunmber Sl opgﬂnColrerel i Oﬂfg e Cq;rresg H'ggln 1 0.99 0.991 2 1.14 0.998 3
.13 80 (.

1.13 0.996 .84 0. - 7 0.97 1.000
1.08 0.99 e - te PRAAARE

=&t STl fr-om
0.991 to 1.080. Slopes2ranged from®80 to Ne¥M gx;]é"é §Qm§l gg‘ei is
1.000. The 20% variati 8@ in sl opes %8l ati veNeW MG feck mp,RO; &
simlar to tH® 20% errof.7noted in t®d measuMNeREMO H0 As SamesNenl vari ous

resi dua usinglpartial |84ast squares 8.6echni qlew ¥MBe440 4 Fuel SampiNell i, G,
FUEL, Vol . 712 1992, pp2.5559-563, thzo New MG 440 + Fuel Samp. No. 2

13 50 6.0 New MG 440 + Fuel Samp. No. 2
14 7.5 8.7 New MG 440 + Fuel Samp. No. 2
15 10.0 11.2 New MG 440 + Fuel Samp. No. 2
16 2.1 23 New MG 440 + Fuel Samp. No 3
17 42 5.1 New MG 440 + Fuel Samp. No. 3
18 58 6.4 New MG 440 + Fuel Samp. No. 3
19 7.5 8.4 New MG 440 + Fuel Samp. No. 3
20 23 2.6 New MG 440 + Fuel Samp. No. 4
21 4.5 52 New MG 440 + Fuel Samp. No. 4
22 4.5 53 New MG 440 + Fuel Samp. No. 4
23 6.4 7.0 New MG 440 + Fuel Samp. No. 4
24 2.5 2.0 New MG 440 + Fuel Samp. No. 3
25 4.5 3.7 New MG 440 + Fuel Samp. No. 5
26 6.8 54 New MG 440 + Fuel Samp. No. 5
27 9.1 7.2 New MG 440 + Fuel Samp. No. 5
28 24 2.2 New MG 440 + Fuel Samp. No. 6
29 5.2 42 New MG 440 + Fuel Samp. No. 6
30 6.9 6.1 New MG 440 + Fuel Samp. No. 6
31 10.3 8.4 New MG 440 + Fuel Samp. No. 6
32 2.5 2.5 New MG 440-+ Fuel Samp. No. 7
33 4.9 48 New MG 440 + Fuel Samp. No. 7
34 7.4 7.2 New MG 440 + Fuel Samp. No. 7
35 99 9.6 New MG 440 + Fuel Samp. No. 7
36 0.0 1.7 Used MG 440 ex M/V A

37 13.0 12.4 Used MG 440 ex M/V B

38 15.0 13.6 Used MG 440 ex M/V C

39 5.0 77 Used MG 440 ex M/V B

40 9.0 8.4 Used MG 440 exM/V D

41 10.0 8.2 Used MG 440 ex M/V D

42 31 4.4 Used MG 440 exM/V D

43 5.9 7.4 Used MG 440 ex M/V D

44 0.0 0.1 New MG 440

45 0.0 0.0 New MG 430

46 0.0 0.4 New Comp. Oil A

[0051]  Plots of the estimated versus the actual fuel contamination levels were

made for the seven fuels in new Mobilgard 440, and the best straight line



contents of which are hereby incorporated by reference for all that it

di scl oses). [0053] The WW-Vis nodel gave a contanination val ue ¢f§ MRR4AN %
for all t ree, un gntami nated new oils. A plot of the U/-Vig results versus
the RFD r &UMYE*f%r the used oil sanples showed a fairly g&&dYSPHERS
correlation through the origin with a slopge-of 0.960 and an R-val ue of
0.904. A better linear fit is found when the line is not forced through the
origin (Slope = 0.737, R=0.968). Exanple 2 WD 03/043763 -20 Testing the

UV- Vi s Met hod %qﬁﬁ] - P i i -
descri bed abo'\'t/%s}u S ee\zl%lqglgt‘ggé E?%?gﬁgge P? &vﬂ ﬁ;ggg Fﬁ?dd"%?%}ng%ﬂgéﬁns and
Mobi | gard 440sigpepf@seachlofehe fifels aPsikitedas TabBR Bthelbvh two sets of four
fuel -dil uted new Mbil gard 440 sanpl es nade with hydroprocessed base

stocks. None of these sanples were included in the calibration set. [0055]
The used oil sanples were fromthree vessefABI® 3which the fuel vanadi um
content is well known, so fuel contam nati'on could be determ ned by RFD
anal ysis with good accyy.a : ehe Saleclq o\r.ovifde A good range
of raw fuel contam‘natf‘ et e et '; "'a;' Ser LR O Vi s et hod
results and the RFD results is reasonably good, although the best straight
line fit does ndtuelo throfgel indien Yigbrlesed Shiun i EFyetn GompOilk vi 3

met hod overestiSampe fuel cdntam nati oR Malfeuel dil utLme | evel s R Valgé w %
and underesti Maimgbéhe fuel Sinkut i on CHREAHGIAL I on | (g\y%es > 7. oomelYmort 1 | |
the correlat io_n'%_r'easﬁn‘a%r?zgm)d Wi T @e@ = 0. 90. i e Uv-Vvis merhod
has been found t0 possess “20% error, slurement of residual fuel

contami nates by Zhe RFD netlhbd woul d b& B8pected to have a sinmlar error.
[0056] The two fugl sanples japgyled to Mopidogard 440 with hydroprocessed

base stock were t‘yvo of the apg fuels t@? 4~had been added to Mbilgard 440
wi th conventional "base stocks and inclu c? in the calibration set.
Therefore, thesedsets can B8&onpared OFNeterm ne the effect of

hydr opr ocessed bage stock. @lge anount o¢fggsaw fuel capbam nati on 06
determ ned by the,vanadi um ysis of ;t cont am nat oil rel gf} to the
vanadi um cont ent ez)f t he fueI%I'b;}dded. Thel'dr?)@sul ts sho@e@gl 7% var ?}a%?(%n

bet ween the sanple sets made with the sane fuel

[0052] Correlations were very good with R-values ranging from 0.991 to
1.000. Slopes ranged from 0.80 to 1.14. The expected slope is 1.000. The 20%

variation in slopes relative to the expected value is similar to the 20% error noted
in the measurement of asphaltenes in vanious residua using partial least squares

techniques (Zerhia, T. & Pinelli, G., FUEL, Vol. 71, 1992, pp. 559-563, the

contents of which are hereby incorporated by reference for all that it discloses).

[0053] The UV-Vis model gave a contamination value of 0.4 wt% for all
three uncontaminated new oils. A plot of the UV-Vis results versus the RFD
results for the used oil samples showed a fairly good linear correlation through
the origin with a slope of 0.960 and an R-value of 0.904. A better linear fit is
found when the line is not forced through the origin (Slope = 0.737, R = 0.968).

Example 2



(see Figure 2). These results indicate that the UV-Vis nethod is not
significantly affected by hydroprocessed base stocks. 13 MAR 20GaMARONG
1131(1-187 02/ 35955 21 [00571 Several chenonetrics wer e
evaluated.ﬁiﬂggﬁé§§ied by the UV-Vis wavel ength range and Bg?&ﬁéﬁﬁﬁﬁber of
used oil properties included in the nndgb Properties included various
types of insolubles test results. Exanple g Pent ane | nsol ubl es [ 00581 As
with the establishment of the nodel for use in determ ning residual fuel
contam nants, above, a chenonetrics nodel was devel oped for pentane

I nsol ubl es. [hE9VnNA hok 8§ IMIEWOodst i mates are shown in Table 4, below A
correlation plot of the calibration set of sanples is shown in Figure 3.

TABLE 4 UV-Visible Results Pentane Pentane Sanpl el nsol ubl es Insol ubl es
(D893b) (UV- YP854]No. Thewcalibmtiopl set Desseitiedtaborve suas eopatebysesting ¢ vodha? MG

Sample No. 1 84ationsh vrsddpRREI A ferdPlesaminso Nge moddovssdeosdtheveso +
140 + Fuel s Y BAANEINAENN i 1130 8RS nhite G fOphaltivey 15

150. 150. 19Nepadé>tddRs. tNowelof PaEdR! anfiles Were included in the calibration set.

[0055) The used oil samples were from three vessels for which the fuel
vanadium content is well known, so fuel contamination could be determined by
RFD analysis with good accuracy. Samples were selected to provide a good
range of raw fuel contamination levels. The correlation between the UV-Vis
method results and the RFD results 1s reasonably good, although the best straight
line fit does not go through the origin as shown in Figure 1. The UV-Vis
method overestimates fuel contamination at fuel dilution levels <7.25 wt% and
underestimate the fuel dilution contamination levels > 7.25 wt%. Sdll the
correlation is reasonably good with R = 0.90. While the UV-Vis method has
been found to possess = 20% error, measurement of residual fuel contaminates

by the RFD method would be expected to have a similar error.

[0056] The two fuel samples added to Mobilgard 440 with hydroprocessed
base stock were two of the same fuels that had been added to Mobilgard 440
with conventional base stocks and included in the calibration set. Therefore,
these sets can be compared to determine the effect of hydroprocessed base stock.
The amount of raw fuel contamination was determined by the vanadium analysis
of the contaminated oil relative to the vanadium content of the fuel added. The
results showed < 7% varniation between the sample sets made with the same fuel

(see Figure 2). These results indicate that the UV-Vis method is not
significantly affected by hydroprocessed base stocks.



160. 180. 02New MG 440 + Fuel

Sanpl el nsql,; sol ubl es
. 0. 710.4%@5\}""@%‘%30 + Fuel

Sanpl e No. 3 170.480. 29New M5 440 + Fuel iﬁhrrpl e
No. 3 WD 113/11-18763 _22 13 MAR 2006 PCT/ U 502/359 5 Pentane PeAtMiR b
(D893b) (UV-Vis) Nowt % wt % Sanpl e Description

Sanpl e No. 3 18 190. 780. 62New

HYE 5 el

Sanmpl e No. 3 200.070. 01New M5 440 + Fuel -3anrpl e No. 4 210. 240. 23New MG 440 +

Fuel Sanple No 4 220.060. 27New M5 440 + Fuel
Sanpl e No. 4 240.010. 00ONew MG 440 + Fuel Sanple No. 5

S e R R e S S

I@ﬁ’ng@an@ l&&e"‘mﬁﬂﬁkr SR RBES ofl AT inehided Gnp.
8New Conp. Q| I

440 + Fuel
250. 030. 11Ne
No. 5 270.03

Fuel Sanpl e @r¢80;is0kQvaeniet

Ol A+ Fuel Sanmple 6 5007 020.

A + Fue anple 6

Sanpl e No. 4 230. 090. 42New MG

510. 430. 43NetheéComydel. OPropartiesinlludiahydriou thpes 6DinsOohibdes ©@ongesul@.l A + Fuel
Sanpl e 7 530.070. 15New Conp. G| A + Fuel

+ Fuel

Sample 7
Example 3

Pentane Insolubles

Sanpl e 7 540. 020. 25New Conp. Q|

[0058]  As with the establishment of the model for use in determining residual

fuel contaminants, above, a chemometrics model was developed for pentane

insolubles. D893 and UV-Visible estimates are shown in Table 4, below. A

correlation plot of the calibration set of samples is shown in Figure 3.

Pentane
Insolubles

Sample  (D893b)
No. Wt%
44
45
8 0.00
9 0.00
10 0.00
11 0.27
12 0.00
13 0.00
14 0.04
15 0.15
16 0.18
17 0.48

TABLE 4

UV-Visible Results

Pentane
Insolubles
(UV-Vis)
wt%

Sample Description

0.00
0.00
0.00
0.01
0.11
0.25
0.00
0.00
0.09
0.19
0.02
0.29

New MG 440
New MG 430

New MG 440 + Fuel Sample No.
New MG 440 + Fuel Sample No.
New MG 440 + Fuel Sample No.
New MG 440 + Fuel Sample No.
New MG 440 + Fuel Sample No.
New MG 440 + Fuel Sample No.
New MG 440 + Fuel Sample No.
New MG 440 + Fuel Sample No.
New MG 440 + Fuel Sample No.
New MG 440 + Fuel Sample No.

W oW NN N

A



280. 020. OONew MG 440 + Fuel Sanple No. 6 290.020. 0ONew M5 440 + Fuel Sanple
No. I6 300. 010. 00New MG 440 + Fuel Sarrplfa No. I6 310. 000. 00New N@ﬁ%@;{ MEuel
Sanpl e No._, .040. 00New MG 440 + Fuel Sanple No. 7 330.0 NG 440 +
Fuel Sanpl‘%g@,%%??%40. 250. 25New MG 440 + Fuel Sanmple No. 7 %@893‘ M oRew MG
440 + Fuel Sanple No. 7 550.020. 06New MG.44Q w/ J500 + Fuel Sanp. No. 1 WO
113/ 048763 -23 13 MAR 200 PCT/ US01l/ 135955 Pent ane Pentane Sanpl el nsol ubl es
| nsol ubl es (D893b) (UV-Vis) No.w % w %Banpl e Descri ption 560. 050. 17New M5
440 W J500 + Fuel Sangi No. 1 57Q, 070 27New MG 440 w J500 + Fuel Sanp. No. 1
580. 310. 38New MG 440 mﬁ + Fue” éerrp. No. 1 590.010. 06New MG 440 w J500
+ Fuel Sanp. No. 2 ecbwobdyes sneWnfRIua%s w J500 + Fuel Sanp. No. 2

610. 180. 26NeWamplet40 (REA3G0 + FUBVVSAp. No. 2 620.550. 38New MG 440 w J500 +
Fuel Sanp. NoNo2 362.652%69Used Mav#80 ex MampiDescoitioflUsed MG 440 ex MN B
381.581. 31Used MG 440 ex MN C 390. 560.59Used MG 440 ex MV B 630. 290. 48Used
M5 440 ex MNP 640.59006QUsed MG 4¢@3ex MN Rew MG 440 + Fuel Sample No. 3

19 078 0.62 New MG 440 + Fuel Sample No. 3
20 0.07 0.01 New MG 440 + Fuel Sample No. 4
21 024 0.23 New MG 440 + Fue! Sample No. 4
22 0.06 0.27 New MG 440 + Fuel Sample No. 4
23 0.09 0.42 New MG 440 + Fuel Sample No. 4
24 0.01 0.00 New MG 440 + Fuel Sample No. 5
25 0.03 0.11 New MG 440 + Fuel Sample No. 5
26 0.02 0.26 New MG 440 + Fuel Sample No. 5
27 0.03 0.43 New MG 440 + Fuel Sample No. 5
47 0.03 .00 New Comp. Oil A + Fuel Sample 6
48 0.02 0.00 New Comp. Oil A + Fuel Sample 6
49 0.07 0.02 New Comp. Oil A + Fuel Sample 6
50 0.02 0.08 New Comp. Oil A + Fue! Sample 6
51 0.43 0.43 New Comp. Oil A + Fuel Sample 7
52 0.02 0.05 New Comp. Qil A + Fuel Sample 7
53 0.07 0.15 New Comp. Oil A + Fuel Sample 7
54 0.02 025 New Comp. Oil A + Fuel Sample 7
28 0.02 0.00 New MG 440 + Fuel Sample No. 6
29 0.02 0.00 New MG 440 + Fuel Sample No. 6
30 0.01 0.00 New MG 440 + Fuel Sampie No. 6
31 0.00 0.00 New MG 440 + Fuel Sample No. 6
32 0.04 0.00 New MG 440 + Fuel Sample No. 7
33 0.03 0.09 New MG 440 + Fuel Sample No. 7
34 0.25 0.25 New MG 440 + Fuel Sample No. 7
35 0.49 0.40 New MG 440 + Fuel Sample No. 7

55 0.02 0.06 New MG 440 w/J500 + Fuel Samp. No. 1



650. 28 .0.41Used MG 440 ex MN C 660. 720. 88Used MG 440 ex MV C
670. 280. 29Used MG 440 ex MN C 680. 550. 60Used MG 440 ex MN C 690, %Z@Q@md

MG 440 ex 490..060. 14Used MG 440 ex MV B 710. 320. 63Use .
720. 350. 66%5IE @Hl\ﬁ;}ZMO ex MN B 730.530. 68Used MG 440 ex MN ngi@ 00 92Used

MG 440 ex MN C 750. 990. 88Used MG 440 ex MG 761. 140. 89Used MG 440 ex MN B
770.840.98Used MG 440 ex MN B 780. 950. 96Used MG 440 ex MV B 1 3 MAR 2006
WO 03/ 08763 PCT/ US02/ 3595 -24 Pentane Pentane Sanpl el nsol ubl es | nsol ubl es
(D893b) (UV-Vis) No.wpkemh Sanpl pedfoggcri ption 791. 631. 45Used MG 440 ex MN E

801. 481. 35Used NG 44 E 81 éOUSed MG 440 ex MN E 820. 680. 78Used
MG 440 ex MN ?% MV F 841.431. 36Used M5 440 ex PP G
851. 201. 46Us 440 G 86 3USe I\/G 440 ex PP G 871 211. 40Used
M5 440 ex PP 81. 44 ed I\/G = TR0, .
905. 683. 15Used MG 440 ex PP H 910. 670 71Used NG 440 ex MN |

56 0.05 0.17 New MG 440 w/J500 + Fuel Samp. No. |

57 0.07 0.27 New MG 440 w/J500 + Fuel Samp. No. 1

58 0.31 0.38 New MG 440 w/J500 + Fuel Samp. No. 1

59 0.01 0.06 New MG 440 w/J500 + Fuel Samp. No. 2

60 0.02 0.14 New MG 440 w/J500 + Fue! Samp. No. 2

61 0.18 0.26 New MG 440 w/J500 + Fuel Samp. No. 2

62 0.55 0.38 New MG 440 w/J500 + Fuel Samp. No. 2

36 2.65 2.69 Used MG 430 ex M/V A

37 1.10 1.05 Used MG 440 ex M/V B

38 1.58 1.31 Used MG 440 ex M/V C

39 0.56 0.59 Used MG 440 ex M/V B

63 0.29 0.48 Used MG 440 ex M/V D

64 0.59 0.60 Used MG 440 ex M/V D

65 0.28 . 041 Used MG 440 ex M/V C

66 0.72 0.88 Used MG 440 ex M/V C

67 0.28 0.29 Used MG 440 ex M/V C

68 0.55 0.60 Used MG 440 ex M/V C

69 0.42 0.69 Used MG 440 ex M/V C

70 0.06 0.14 Used MG 440 ex M/V B

71 0.32 0.63 Used MG 440 ex M/V B

72 0.35 0.66 Used MG 440 ex M/V B

73 0.53 0.68 Used MG 440 ex M/V B

74 1.10 0.92 Used MG 440 ex M/V C

75 0.99 0.8 Used MG 440 ex M/V C

76 1.14 0.89 Used MG 440 ex M/V B

77 0.84 0.98 Used MG 440 ex M/V B

78 0.95 0.96 Used MG 440 ex M/V B



920. 350. 50Used MG 440 ex MN | 930.920. 69Used M5 440 ex MN | 940. 400, 60Used
MG 440 ex MN | 950.110. 2Used MG 440 ex MN | 100591Whil e the corT@IN@RiZBﬂS pl ot
shows some\ﬁéz}s Joartl cularly at low I nsolubles levels, aline fit through
the origin Séf ope near 1.0 (0.977) with an R-value of U 9%3?BehFane

i nsolubles less than 0.5 wt% where nuch ef4the scatter is, are considered
negligible. Sanples with insolubles |evels greater than 1.0 wt% are of npst
concern. Engine builder maximumlimts for insolubles are generally in the
1.5 to 2.5 wt % range. ﬂg}ﬁm@rrent pgn%ggnetri cs nodel nakes reasonable

esti mat es up t o about n%:)be‘f‘é \fps(gﬁ() 48763 -25 13 MAR 7001b PCT/ US02/ 35955
[00601 All % foEFS '?!JQ? ed in the calibration set. The nodel
gi ves reasona ti ?or al

of these sanpl.es. Al though estinates
for the two sHBpl es wi¥lovery hi oI ubl%ﬂ@;ﬁbg@gn@n%gm Si-ghi-ficant

error, the insolubles levels are mell outside the calibration set and are
rarely observe® that higl in marineddr powddsead St 4&ppk MA Eons. Even so,
estimtes for _these sanples (>3 vvt/g do indicate that the oils are

unsui t abl e o8 conti nueli48se, whicH-1% suf f7dMO #49 8x MM Bn. Exanpl e 4
Tol uene I nsol gpl es [00 A cheno ics w@i to estimate

t ol uene i nsol u | es gé#M D893 V\Arﬂt3 dcoagﬂﬁg% g%’g and WV-Visible
esti mat es ar egzhown | noEabI e 5. Accmrel at ilgsedM@ 44@ex Y& Eal | brati on set
of sanples is shown in Figure 4. [00621 Rel ative to the pentane insol ubles
plot in Figur 3, the tbBdene msdlZPoI es pllbseddE 44Q ex Fess scatter and
showsagood rrelatlo pto % the origin has a
sl ope near (0 981) gﬁ?h an R2~ %:%%I ue ofd%%d\gﬁi%&af’hﬂp nples with

i nsol ubl es I eygal s greatpppothan 1.0 1wg0 are afsedMet 40P8CPPIG  Engi ne bui | der
maximumlimts for insolubles are generally in the 1.5 to 2.5 w % range.

86 1.33 1.43 Used MG 440 ex PP G
87 1.21 1.40 Used MG 440 ex PP G
88 1.44 1.48 Used MG 440ex PP G
8% 5.56 3.16 Used MG 440 ex PP H
90 5.68 3.15 Used MG 440 ex PP H
91 0.67 0.71 Used MG 440 ex M/V 1
52 0.35 0.50 Used MG 440 ex M/V
93 0.92 0.69 Used MG 440 ex M/V 1
94 0.40 0.60 Used MG 440 ex M/V 1
95 0.11 0.2 Used MG 440 ex M/V 1

[0059] While the comrelation plot shows some scatter particularly at low
insolubles levels, a line fit through the origin has a slope near 1.0 (0.977) with an
R-value of 0.92. Pentane insolubles less than 0.5 wt%, where much of the
scatter is, are considered negligible. Samples with insolubles levels greater than
1.0 wt% are of most concern. Engine builder maximum limits for insolubles are

generally in the 1.5 to 2.5 wt% range. The current chemometrics mode!l makes

reasonable estimates up to about 2.7 wt%.



[0063] As noted in Table 5, all sanples were included in the cal | bration set
except for two with high insolubles. For these sanples, the 2&1 ARgBKe hi gh

but reaso i mates thus indicating that a problem existe 3 MAR
2906 WO osfkoa&gg‘é‘g?écw US )2/ 3. 5955 -26 TABLE 5 UV-Visible Rggiﬂl%*ﬁ’fﬂrt%mene

Tol uene Sanpl e I'msol ubl & I nsol ubl e anpl e Bescri ption No.(D893b) (UV-Vis)
w % w % 362.212. 20Used MG 430 ex MN A 370.940. 74Used MG 440 ex MV B
381.090. 94Used MG 440 ex MN C 390. 300. 27Used MG 440 ex MN B 630. 240. 18Used

MG 440 ex MN .3 44‘%
560, 520 52UodOREE 22t T BIRAR pptaR ke HbIEu G BAOcAthiaitnieet 185 Hadleq
M5 440 ex MN givé&Oreadorififle 3StimacksMor A0doax oMhhése fample§) 6@l Chswﬁ\a‘ﬂék()fcﬂx MN
B 710.290. 31Used MG 440 ex MN B 720.320. 33Used MG 440 ex MN B 730. 390. 34Used
MG 440 ex MNtBe two samples with very high insolubles (>5 wt%) show significant error, the
insolubles levels are well outside the calibration set and are rarely observed that
high in marine or power plant applications. Even so, estimates for these samples
(>3 wt%) do indicate that the oils are unsuitable for continued use, which is

sufficient information.

Example 4
Toluene Insolubles

[0061] A chemometrics model was developed to estimate toluene insolubles
by ASTM D893 with coagulant. The D893 and UV-Visible estimates are shown
in Table 5. A correlation plot for the calibration set of samples is shown in

Figure 4.

[0062]) Relative to the pentane insolubles plot in Figure 3, the toluene
insolubles plot has a little less scatter and shows a good correlation up to
2.2 wt%. A line fit through the origin has a slope near 1.0 (0.981) with an R’
value of 0.95. Apgain, samples with insolubles levels greater than 1.0 wt% are of
most concern. Engine builder maximum limits for insolubles are generally in

the 1.5 to 2.5 wt% range.

[0063] As noted in Table 5, all samples were included in the calibration set
except for two with high insolubles. For these samples, the model gave high but

reasonable estimates thus indicating that a problem existed,



740. 420. 44Used MG 440 ex MN C 750. 430. 49Used MG 440 ex MN C 760. 570. 54Used
MG 440 ex MN B 770.340.56Used MG 440 ex MN B 780. 600. 56Used MG ¥3®AR20MN B
790.951. 00Used M3 440 ex MV E 800.960. 85Used MG 440 ex MN E 810. 861. 03Used
MG 440 ex M B3RS 03/ 04N763 -27 1 3 MAR 2006 PCT/ US02/ 3599 T/HYR{FEHE

Tol uene Sanpl el nsol ubl e 1 nsol ubl e (D893_b% (UV-Vis) No.wt % wt % Sanpl e
Descri ption 820.480. 44Used MG 440 ex MN E %0. 980. 96Used M5 440 ex MV F
840. 930. 82Used MG 440 ex PP G 850. 840.92Used MG 440 ex PP G 860. 800. 88Used
MG 440 ex PP G 870. 740. 86Used MG 440 ex PP G 881.080.98Used MG 440 ex PP G
891. 733. 41Used MG 440 ex PP H 902. 343. 43ABHENG 440 ex PP H 910. 330. 40Used
MG 440 ex MN | 920.250.37Used MG 440 ex MN | 930.690.50Used MG 440 ex M |
940. 310. 26Used MG 440 ex MN | 950. 0 VOVisiblecResMBs440 ex MV |

Toluene Toluene

Insoluble Insoluble
Sample (D893b) (UV-Vis)
_No._ _wit% _wt% Sample Description
36 2.21 2.20 Used MG 430 ex M/V A
37 0.94 0.74 Used MG 440 ex M/V B
38 1.09 0.94 Used MG 440 ex M/V C
39 0.30 0.27 Used MG 440 ex M/V B
63 0.24 0.18 Used MG 440 ex M/V D
64 0.37 0.39 Used MG 440 ex M/V D
65 0.17 0.20 Used MG 440 ex M/V C
66 0.51 0.52 Used MG 440 ex M/V C
67 0.16 0.13 Used MG 440 ex M/V C
68 0.29 0.29 Used MG 440 ex M/V C
69 ) 0.26 0.39 Used MG 440 ex M/V C
70 . 0.06 0.02 Used MG 440 ex M/V B
71 0.29 0.31 Used MG 440 ex M/V B
72 0.32 0.33 Used MG 440 ex M/V B
73 0.39 0.34 Used MG 440 ex M/V B
74 0.42 0.44 Used MG 440 ex M/V C
75 0.43 0.49 Used MG 440 ex M/V C
76 0.57 0.54 Used MG 440 ex M/V B
77 0.34 0.56 Used MG 440 ex M/V B
78 0.60 0.56 Used MG 440 ex M/V B
79 0.95 1.00 Used MG 440 ex M/V E
80 0.96 0.85 Used MG 440 ex M/V E

g1 0.86 1.03 Used MG 440 ex M/V E



Exanpl e 4 Soot I ndex [0064] A chenonetrics nodel was devel oped to estinmate
Soot Index by nodified DIN 51452 (neasured at 3980 cm'). The gmz dEdeX
and UV-Vi s'\ple estimtes are shown in Table 6. Correlation plb \r‘e’*shown
in Figures"® %WH¥®3 100651 As shown in these Figures, the dBtHUSE2EREwed
toward | ow |l evels. That is because typicat7used oil sanples from

medi um speed di esel engines have a Soot |Index <0.5. Only one sanple
avai l abl e for this devel oprent work had a Soot Index > 0.5. Still, a line
fit through the origin fo g&eccalibrat' ta has a WD 03/048763 -28 13
MAR 2005 PCT/ US02/ 35955 P €near 1.8[:;2@ 5 with an R2 value of 0.93
(Figure 5). Sanples with 88 19 ndex r #&1.0 wt % are of nobst concern.
Engi ne bui | debample mum | i P883Wor i nsdlV8s) are generally in the 1.5 to
2.5 Wt % range.N$0066] It skhat d be notedwthat Soot | n@EampleDeetipaichual |y

measured on the fuel diluted new oil sanples. It was assuned to be zero,
which is typigal for this e of sanple,. ,]0067] Sevgral

particularly él\ged oi | sanplote‘gé;) wer e not :%)h% uded in %%dcwlr‘g?rmgt.
Figure 6 is agplot that ing egles resultspay all sanpl §$ed NI& 440dRIMRIES
reasonabl e estimates for the non-calibration or test sanples. None of the
test sanples 8d a neasured.®ot | ndex g0kt er than 0.Used MBLEIG ck\PPGsi bl e
Resul ts Soot |ndex Soot Index Sanple (DIN51 452) (UV-Vis) Nunmber wt % w %
Sanpl e Descri$tion 46 0.000890 New MG 48092 47 0. 00 0.lowdNdiy #49 838PsGo. 00

0.02 New Conm, O | A 9 0.00 £ 00 New MG + Fuel Sanmp. 10 4 00 0. 00
New MG 440 + Piel Sanp. No%'@o (3 Weed MG hao 27 8

87 0.74 0.86 Used MG 440 ex PP G
88 1.08 0.98 Used MG 440 ex PP G
89 1.73 3.41 Used MG 440 ex PP H
90 2.34 3.43 Used MG 440 ex PP H
91 0.33 | 0.40 Used MG 440 ex M/V 1
92 0.25 0.37 Used MG 440 ex M/V 1
93 0.69 0.50 Used MG 440 ex M/V 1
94 0.31 0.26 Used MG 440 ex M/V |
95 0.09 . 0.11 Used MG 440 ex M/V ]
Example 4

Soot Index

[0064] A chemometrics model was developed to estimate Soot Index by
modified DIN 51452 (measured at 3980 cm™). The Soot Index and UV-Visible

estimates are shown in Table 6. Correlation plots are shown in Figures 5 and 6.

[0065}  As shown in these Figures, the data is skewed toward low levels. That
is because typical used oil samples from medium-speed diesel engines have a
Soot Index <0.5. Only one sample available for this development work had a
Soot Index > 0.5. Still, a line fit through the ongin for the calibration data has a



| 1 0.00 0.00 New MG 440 + Fuel Sanmp. No. 1 12 0.00 0.00 New MG 440 + Fuel

Sanp. No. 1 13 0.00 0.00 New MG 440 + Fuel Samp. No. 2 140003%0@85\@
440 + Fuel \Sapp,,hg. 2 15 0.00 0.03 New M3 440 + Fuel Samp N
0.06 New M3 ¥%uel sanp. No. 2 17 0.00 0,00 New MG 440 PETRHF 8 No.

3 18 0.00 0.04 New MG 440 + Fuel Sanp. No2g3 19 0.00 0.04 New MG 440 +
Fuel Sanp. No, 3 20 0.00 0.07 New M5 440 + Fuel Sanp. No. 3 21 0.00 0.01
New MG 440 + Fuel Sanp. No. 4 22 0.00 0.05 New MG 440 + Fuel Sanp. No. 4

631 048763eT 1ohs Teabard (08 Skl Bafbr vaila s RS FiEc) ( Samplesaifh Soot
(LTV-Vis)  Nufherut ot %iS@rm{o% aPF%m&t'c%ﬂc.%O By Oggogwﬁgemmum Fiktfels éarm

No. 4 250. 000. NeW M5 440 No, 5 25 New MG 440 + Fuel
Sanp. No. 5 2ﬁ@omwesoﬁuegunwﬁwﬁ. thePluSito S6TR20Nangh, 270. 000. 10New M3 440 +

Fuel Sanp. No. 5 470.000. 00New Conp. G| A + Fuel *No. 6 480. 000. 00New Conp.

Ol A + Fuel No. 6 490.000. 00New Conmp. G| A + Fuel No. 6 500. 000 OONew

Conp. Gl A+ F . 510, 000, 04New_ Conp. A + Fuel

520. 000. omevdfl@gﬁi). & ﬁgw beipisdothey S99 Togex cakenp teasipal \omeaguedrop the,

7 540.000. 03Ngw GAfIRd R\ of) S&ﬂll:[Hgé Nowad assumed to be zero, which 1s typical for this
type of sample.

[0067] Several samples, particularly used oil samples, were not included in
the calibration set. Figure 6 is a plot that includes results on all samples. The
model makes reasonable estimates for the non-calibration or test samples. None

of the test samples had a measured Soot Index greater than 0.5.

TABLE 6

UV-Visible Results

Soot Index Soot Index
Sample (DINS1 452) (UV-Vis)
Number wt% wi% Sample Description
46 0.00 0.00 New MG 440
47 0.00 0.00 New MG 430
8 0.00 0.02 New Comp. Oil A
9 0.00 0.00 New MG 440 + Fuel Samp. No. |
10 0.00 0.00 New MG 440 + Fuel Samp. No. 1
11 0.00 0.00 New MG 440 + Fuel Samp. No. 1
12 0.00 0.00 New MG 440 + Fuel Samp. No. 1
13 0.00 0.00 New MG 440 + Fuel Samp. No. 2
14 0.00 0.01 New MG 440 + Fuel Samp. No. 2
15 0.00 0.03 New MG 440 + Fuel Samp. No. 2
16 0.00 0.06 New MG 440 + Fuel Samp. No. 2
17 0.00 0.00 New MG 440 + Fuel Samp. No. 3
18 0.00 0.04 New MG 440 + Fuel Samp. No. 3
19 0.00 0.04 New MG 440 + Fuel Samp. No. 3
20 0.00 0.07 New MG 440 + Fuel Samp. No. 3
2] 0.00 0.01 New MG 440 + Fuel Samp. No. 4
22 0.00 0.05 New MG 440 + Fuel Samp. No. 4
23 0.00 0.06 New MG 440 + Fuel Samp. No. 4



280. 000. 00New MG 440 + Fuel No. 6 290.000.00New MG 440 + Fuel No. 6
300. 000. 00New MG 440 + Fuel No. 6 310.000, 00New MG 440 + Fuel vl 70
320. 000. OO‘R@ %@7440 + Fuel No. 7 330.000.00New MG 440 + Fue @g‘.q 7
340. 000. 0NEWNE 440 + Fuel No. 7 350.000. 05New MG 440 + FultT/Rph?/33935
361. 421. 44Used MG 430 ex MV A 370.110. 2QUsed MG 440 ex MN B 380. 190. 29Used
MG 440 ex MN C 390. 090. 10Used MG 4,40 ex MV B 400. 100. 11Used MG 440 ex MN D
410. 100. 13Used Mz440ex MND 420 110. 08Used MG 440 ex MN D 430. 130. 10Used MG

440 ex MV D 650. 080. 07 440 660. 190.24Used M5 440 ex WN C
670. 070. OGUS%d 440 i%i e
MG 440 ex I\/N 030

MG 440 ex MN C 690. 140. 20Used
720. 100. 15US £440 e 740. 1

7%0 89 13USed M5 440 ex MN B
. 23Used

MG 440 ex MN C 760.110. 22Used MG 440 ex I\/N B 770. 340, 21Used MG 440 ex MN B
790. 370. 26Us@d MG 440 ex WROE 800. 390, WouUsed N¥swihEG 440 v1RpekSamp. 3% 348763

-30 MAR 2006 2PCT/ USQ2/ 359690 0.00 New MG 440 + Fuel Samp. No. 5
25 0.00 0.04 New MG 440 + Fuel Samp. No. 5
26 0.00 0.06 New MG 440 + Fuel Samp. No. 5
27 0.00 0.10 New MG 440 + Fuel Samp. No. 5
47 0.00 0.00 New Comp. Oil A + Fuel No. 6
48 0.00 0.00 New Comp. Oil A + Fuel No. 6
49 0.00 0.00 New Comp. Oil A + Fuel No. 6
50 0.00 0.00 New Comp. Oil A + Fuel No. 6
51 0.00 0.04 New Comp. Oil A + Fuel No. 7
52 0.00 0.01 New Comp. Oil A + Fuel No. 7
53 0.00 0.02 New Comp. Oil A + Fuel No. 7
54 0.00 0.03 New Comp. Oil A + Fuel No. 7
28 0.00 0.00 New MG 440 + Fuel No. 6
29 0.00 0.00 New MG 440 + Fuel No. 6
30 0.00 0.00 New MG 440 + Fuel No. 6
31 0.00 0.00 New MG 440 + Fuel No. 6
32 0.00 0.00 New MG 440 + Fuel No. 7
33 0.00 0.00 New MG 440 + Fuel No. 7
34 0.00 0.03 New MG 440 + Fuel No. 7
35 0.00 0.05 New MG 440 + Fuel No. 7
36 1.42 1.44 Used MG 430 ex M/V A
37 0.11 0.20 Used MG 440 ex M/V B
38 0.19 0.29 Used MG 440 ex M/V C
39 0.09 0.10 Used MG 440 ex M/V B
40 0.10 0.11 Used MG 440 ex M/V D
41 0.10 0.13 Used MG 440 ex M/V D
42 0.11 0.08 Used MG 440 ex M/V D
43 0.13 0.10 Used MG 440 ex M/V D
65 0.08 0.07 Used MG 440 ex M/V C
66 0.19 0.24 Used MG 440 ex MYV C
67 0.07 0.06 Used MG 440 ex M/V C
68 0.13 0.15 Used MG 440 ex M/V C
69 0.14 0.20 Used MG 440 ex M/V C
70 0.03 0.02 Used MG 440 ex M/V B
71 0.09 0.13 Used MG 440 ex M/V B
72 0.10 0.15 Used MG 440 ex M/V B
74 0.12 0.24 Used MG 440 ex MYV C
75 0.11 0.23 Used MG 440 ex M/V C
76 0.11 0.22 Used MG 440 ex M/V B
77 0.34 0.21 Used MG 440 ex M/V B
79 0.37 0.26 Used MG 440 ex M/V E

80 0.39 0.26 Used MG 440 ex M/VE



Sanpl eSoot I ndex Soot |Index (DIN51 452)(UV-Vis) Nunberwt % wt %Sanpl e
Description 810. 370. 26Used MG 440 ex MN E 820. 310. 12Used MG 440 exM VE

840. 160. 2 (%“l\/‘g 440 ex PP G 850.190. 25Used M5 440 ex PP P%g?i RZW%sed
MG 440 ex 876 170. 23Used MG 440 ex PP G 880. 190. 24Used X PP G
Exanple 5 TGA Soot [0068] A chenonetrics 3fodel was devel oped to estimate
TGA soot by ASTM D5967. The TGA soot and UV-Visible estimtes are shown in
Table 7, below. Correlation plots of estimated versus neasured TGA soot are
shown in Figures 7 andg&y idABLE 7SH¥€M gtble Results Sanple TGA Soot TGA

Soot Nunber(ggﬁﬁ o) ( L ption wt%w % 100.290. 60New MG
440 + Fuel J %ﬁﬁiﬁg %)440 +. Fu 2} | e No. 2
130. 200. 29%%&40 + I e HMO 3‘%2 Sanpl e
No. 2 160. 10%.100New MG 448_ + Fuel Sar&)l e No. ?Used MG 440 ex M/V E

82 0.31 0.12 Used MG 440 ex M/VE

84 0.16 0.23 Used MG 440ex PP G

85 0.19 0.25 Used MG 440ex PP G

86 0.19 0.24 Used MG 440 ex PP G

87 0.17 0.23 Used MG 440 ex PP G

88 0.19 0.24 Used MG 440 ex PP G

Example §

TGA Soot

[0068] A chemometrics model was developed to estimate TGA soot by
ASTM D5967. The TGA soot and UV-Visible estimates are shown in Table 7,
below. Correlation plots of estimated versus measured TGA soot are shown in

Figures 7 and 8.

TABLE 7

UV-Visible Results

TGA Soot TGA Soot

Sample (D5967) (UV-Vis)

Number wt% wt% Sample Description

10 0.29 0.60 New MG 440 + Fuel Sample No. 1
12 0.10 0.00 New MG 440 + Fuel Sample No. 2
13 0.20 0.29 New MG 440 + Fuel Sample No. 2
14 037 0.63 New MG 440 + Fuel Sample No. 2
16 0.10 0.00 New MG 440 + Fuel Sample No. 3
17 0.22 0.13 New MG 440 + Fue! Sample No. 3
18 0.27 0.34 New MG 440 + Fuel Sample No. 3
19 035 0.56 New MG 440 + Fuel Sample No. 3
20 0.15 0.00 New MG 440 + Fuel Sample No. 4
23 0.34 0.47 New MG 440 + Fuel Sample No. 4
24 0.09 0.00 New MG 440 + Fuel Sample No. 5
25 0.16 0.11 New MG 440 + Fuel Sample No. 5
25 0.24 0.28 New MG 440 + Fuel Sample No. §
26 0.33 0.49 New MG 440 + Fuel Sample No. 5



170. 220. 13New MG 440 + Fuel

No. 3 190. 350 56New MG 440 + Fuel

(Ci%_‘(})‘ %40 47New MG 440 + Fuel
250. 160. 11New MG 440 + Fuel

Sarrpl e No. 5 260. 330. 49New M5 340 + Fuel

Sanpl e No
Fuel Sanpl
440 + Fuel

’bO

Sanmpl e No. 3 180.270. 34New M5 440 + Fuel
Sanmpl e No. 3 200. 150. OONew

Sanmpl e No. 4 240.
Sanpl e No. 5(2%&%

Sample No. 5

AL

Sampl e
ueI
440 +

D8New MG

WO

03/048763 -31 1 3 MAR 2006 PCT/US02/ 35955 36 1.41 1,46 Used MG 430 ex MN A

Sanmpl e TGA Soot TGA Soot -
MG 440 e 4IY! VB 38
970 46

371.591. 37US
MG 440 ex
990. 800. 90USed

MG 440 ex M Vemple
Number

37
38
96
97
98
99
100
101
102
103
104
40
105
41
106
107
108
109
63
110
111
64
112
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

MG 440

e
'D 10
59

wt%

1.59
1.75
0.39
0.46
0.58
0.80
0.37
0.39
0.41
0.46
0.28
0.39
0.38
0.42
0.34
0.30
0.14
0.13
0.16
0.13
0.15
0.16
0.08
0.08
0.70
0.05
0.24
0.42
0.02
0.27
0.35
0.39
0.85
0.81
0.82
135
1.56
1.54
1.31
1.52
0.33
0.71

Nunber (D5967) (UV-Vis) Sanple Description wt %u %

390. 54Used
440 ex MN D

PhgUsed MG 440 ex I\/N D 1010. 390. 45Used

%‘jﬁg% v o S5 N E

_wt%

1.37
1.54
0.54
0.59
0.70
0.90
0.48
0.45
0.54
0.51
0.24
0.45
0.32
0.46
0.47
0.26
0.00
0.00
0.02
0.00
0.11
0.25
0.04
0.16
0.82
0.00
0.39
0.46
0.00
0.36
0.45
0.53
0.93
0.88
0.98
1.11
1.12
1.48
1.24
1.49
0.63
0.62

Sample Descn tion

Used MG 440 ex M/V B
Used MG 440 ex M/V C
Used MG 440 ex M/V D
Used MG 440 ex M/VD
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex MV D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V D
Used MG 440 ex M/V C
Used MG 440 ex M/V C
Used MG 440 ex M/V C
Used MG 440 ex M/V C
Used MG 440 ex M/V C
Used MG 440 ex M/V B
Used MG 440 ex MV B
Used MG 440 ex M/V B
Used MG 440 ex M/V B
Used MG 440 ex M/V C
Used MG 440 ex M/V C
Used MG 440 ex M/V B
Used MG 440 ex M/'V B
Used MG 440 ex M/V B
Used MG 440 ex M/V E
Used MG 440 ex M/'VE
Used MG 440 ex M/V E
Used MG 440 ex MV E
Used MG 440 ex M/V F



1020. 410. 54Used MG 440 ex MV D 1030. 460.51Used MG 440 ex MN D
1040. 280. 24Used MG 440 ex MN D 400. 390. 45Used MG 440 ex MN D 10503 ¥80 #2used
MG 440 ex R419;420. 46Used MG 440 ex MN D 1060. 340. 47Used M5 440 ex MN D
1070. 300. 26 664 f12%440 ex MN D 1080. 140. 00Used MG 440 ex M VCUSH2/3595

1090. 130. 00Used MG 440 ex MN D 630. 160. 024k2d MG 440 ex MN D 1100. 130. 00Used
MG 440 ex MN D 1110.150. 11Used MG 440 ex MN D 640. 160. 25Used MG 440 ex M\D

1120. 080. 04Used MG 440 ex MN D 650.080. 16Used MG 440 ex MN C 660. 700. 82Used
MG 440 ex MNgg 670.050. 0gged MG 44Q &x MN C 68Qs.243Au5eq piie; 440 ex MN C

690. 420. 46Used MG 440 ¢ ' g 700. Sggk/}ls\led MG 440 ex MN B 710. 270. 36Used
M5 440 ex MN B _720. 350. B 730. 390. 53Used MG 440 ex MN B

740. 850. 93Us 440 c 75 1¥8Used M 98Used
NG 440 ex MN [ 351, Wiied MG 4488 W/ B 7832 x MN B
791.541. 48Used MG 440 ex MN E 801.311. 24Used NG 440 ex MN E 811.521. 49Used
MG 440 ex |vN8é 820. 330. 6308ed MG 440 ®x MN E 83bs9d MG 44R ey PRI& 440 ex MN F

0.93 0.95 Used MG 440 ex PP G
87 0.88 0.96 Used MG 440 ex PP G
88 1.04 1.06 Used MG 440 ex PP G

[0069] A plot of the calibration data (Figure 7) shows some scatter through
1.75 wt%, still a line fit through the origin has a slope near 1.0 (0.969) with an
R? value of 0.92. TGA soot less than 0.5 wt% is considered negligible, Samples
with insolubles levels greater than 1 wt% are of most concern. Engine builder

maximum limits for insolubles are generally in the 1.5-to 2.5 wt% range.

{0070]  Several samples were not included in the calibration set. Figure 8 is a
plot that includes results on all samples. The model makes reasonable estimates
for the non-calibration or test samples. None of the test samples had a measured

TGA soot level > 0.5.

[0071] The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The present descrip-
tion is therefore to be considered in all respects as illustrative and not restrictive,
the scope of the invention being indicated by the appended claims rather than by
the foregoing description, and all changes which come within the meaning and

range of equivalency of the claims are therefore intended to be embraced therein.



1 3 MAR 2006 WD 03/048763 PCT/ US02/ 35955 -32 84 0.94 0.90 Sanpl eTGA Soot
TGA Soot Used MG 440 ex PP G (D5967) (UV-Vis) Nunmberw % wt %Banpl i
Descri ption 851, 001. 01Used MG 440 ex PR 33 -860.930.95Used MG 440 125<Me£3 U&B

870. 880. 96Used M5 440 ex PP G 881.041. 06Used MG 440 ex PP G [00691A pl ot of
the calibration data (Figure 7) shows sone scatter through 1.75 wt% still a
line fit thropglishe origin has a slope near 1.0 (0.969) with an R2 val ue
of 0.92. TGA soot less than 0.5 wt%is considered negligible. Sanples wth
i nsolubles levels greater than 1 wt% are of nobst concern. Engi ne buil der
maximumlimts for insolubles are generally in the 1.5-to 2.5 wt % range.
[0070] Several san esth®r forrietermithddadarhinatibie irc alatibe didseNlubAtatingigler e 8 is
a plot that includes results on all sanples. The nodel nakes reasonable
estimates fompridmghon-calibration or test sanples. None of the test sanples
had a measured TGA soot level > 0.5. [0071] The invention nmay be enbodi ed
in other specifi ombidining spedtiadudw depaet b figqhémemranpe supstantial§reqabatont tal

characteristics thereof. The present descrip- tion is therefore to be
consi der ed ithatabf ultesjpeet siside ilighusir siféresceahdrioating ot sangilésv eiith kdveviscope
of the invention being indicated by the appended clains rather than by the
f or egoi ng dgsopdriitd 2, coacshtratibnodid nigreuiting bit koxtangnatiohpi n t he neani ng and
range of equival ency of the clains are therefore intended to be enbraced
t herein. -33 CLAINBormhBigMiRm2aQErid techniqedshtodhé spectial eawridatia rodptzgosk mnsteyat i on
in marine diesel lubricating oils, conprising:
(a) to develop a calibration model and calibrate the spectral data with actual values
for parameters reflecting the level of contamination of the reference samples, said
actual values determined by means of conventional analytical methods;
obtaining spectra of samples of marine diesel lubricating oil of unknown
concentration of contaminants over a frequency range substantially equivalent to that
of ultraviolet visible light; and
processing the obtained spectral raw data of step (c) and applying the
developed calibration model to the processed data in order to determine the

parameters reflecting the level of contaminants present in the marine diesel

lubricating oil.

2. The method of claim 1, wherein the reference lubricating oil samples

include both new and used lubricating oil samples.

3. The method of claim 2, wherein the lubricant oil contaminants include

residual fuel.



obtai ning spectral raw data over a frequency range substantially equival ent
to that of ultraviolet visible light for reference lubricating qi | ﬁ?azﬁﬁﬁl es
with known properties and concentratiorg-of |ubricating oil cont z;r#na ron;
perform ng chenonetric techniques to the spectral raw data obtained in step
(a) to develop a calibration nodel and calibrate the spectral data with
actual values far PR ARBIATSH Elaih &C tWitgeih Re @ RIanObilCRtAMhARS i@ the
ref erence sanples, said actual values determ ned by neans of conventional
anal ytical ngidnaiss. obtai ning spectra of sanples of marine diesel
| ubricating oil of unknown concentration of contam nants over a frequency
range substantially equivalent to that of ultraviolet visible Iight; and
processi ng the obtained spectral raw data of step (c) and applying the
devel oped cali br at.iThe neteld sfockine 2prvdeesis ale datiricahn ofir cb@kantiaactetiedlodene t he
paranmeters reflecting the | evel of contam nants present in the marine diesel
| ubri cati ng iasdlubl®. The nethod of claim 1, wherein the reference |ubricating
oi | sanpl es include both new and used lubricating oil sanples. 3. The nethod
of claim2, wherein the lubricant oil contam nants include residual fuel.
-34 13 MAR 2006 4. The nethod of claim 3, wherein the |ubricant oil
cont anmi nant s i ncluddeimgbbddibf elsim 5, whtreintht Heduafcy chmgenoXstepsiie)y andn(ch e
| ubricant oil contam nants include insolubles. 6. The nethod of claimb5b,
wher ei n t he X0agdehom. range of steps (a) and (c) is 250 to 450 nm 7. The
met hod of claim2, wherein the frequency range of steps (a) and (c) is 250
to 450 nm 8. The nethod of claim3, wherein the frequency range of steps
(a) and (c) is 250 to 450 nm 9. The nethod of claim4, wherein the
frequency range of Tdeepgh¢dpf dain 2cvhersi?the frequerky rangn ofl@epsThramkefchod of
claim1l, \A,hezrs%i n4g(§1e contam nants include residual fuel and insol ubles.

to nm.

8. The method of claim 3, wherein the frequency range of steps (a) and (¢) is

250 to 450 nm.

9. The method of claim 4, wherein the frequency range of steps (a) and (¢) is

250 to 450 nm.

10. The method of claim 1, wherein the contaminants include residual fuel and

insolubles.

11. A method for determining residual fuel and insolubles contamination in
marine diesel lubricating oils, comprising:

obtaining spectral raw data over a frequency range substantially equivalent to
that of ultraviolet visible light for reference lubricating oil samples with known

properties and concentrations of residual fuel and insolubles;



11. A method for determ ning residual fuel and insolubles contam nation in
mari ne di esel lubricating oils, conprising: obtaining spectral rawl d&A B6ker
a frequency range substantially equival<¥ft-to that of ultraviolet visible
light for reference lubricating oil sanples with known properties and
concentrations of residual fuel and insolubles; 1 3 MAR 2006 -35 perform ng

chemonetric t echniResidOcHeRRRRGS lRhigh@Wodat 3pQiap 4 databbedifdd in(sdp t O
devel op a calibration nodel and calibrate the spectral data with actual

val ues for ptRIBERIpSa Calte6dd MBdéingd QVibtat®the! petwdlalatd Ueth RAAI vaised ubl es
contam nation of the reference sanples, said actual val ues determ ned by

means of confeepirambrels @flattitig thalevensitiosidsdl fadltaad Msotbdgadhtamindtichasfphes of
mari ne di esel lubricating oil of unknown concentration of residual fuel and
i nsol ubl es avéfenze hamapleenaid dandeasobdétamiined by meangbladnethtidral hkudyticaf
ultraviolet visible light; and processing the obtained spectral raw data of
step (c) andnappdsyi ng the devel oped calibration nodel to the processed data
in order to determne the paraneters reflecting the |evel of residual fuel
and i nsol ubl es presaningi spettne offesampées ofi emahe |didsel deliricagngiokl. ofl Ankrkiven et hod
of claim1l, wherein the reference lubricating oil sanples include both new
and used | ubmncattianign aifl residugl| fasl ad® insbheblase¢vroch Gbqudnay med@;, swistangally t he
| ubricant oil contam nants include residual fuel. 14. The nmethod of claim
13, wher ei n dqnevalenbro thatmf ubirdviclenvisitrienzght;sanidncl ude i nsol ubl es. 15. The
met hod of claim 12, wherein the lubricant oil contam nants include
i nsol ubl es. 16. Tirecasenfottie obbtainad mpedral whaet dara phetdr égjuend yapphiege thf st eps
(a) and (c) is 250 to 450 nm 1 3 MAR 2006 WD 03/048763 PCT/ US02/ 35955 - 36
17. The net histeloped|calibratign wmhdelein thteprbeesspdedatp trmrmgderofo steggmiifea)he and
(c) is 250 to 450 nm

parameters reflecting the level of residual fuel and insolubles present in the marine

diesel lubricating oil.

12. The method of claim 11, wherein the reference lubricating oil samples

include both new and used lubricating oil samples.

13. The method of claim 12, wherein the lubricant oil contaminants include

residual fuel.

14. The method of claim 13, wherein the lubricant oil contaminants include

msolubles.

15. The method of claim 12, wherein the lubricant oil contaminants include

insolubles.

16. The method of claim 15, wherein the frequency range of steps (a) and (c)

is 250 to 450 nm.



18. The method of claim 13, wherein the frequency range of steps (a) an
(c) is 250 to 450 run. 19. The nethod of claim 14, V\herelnthefrggg
I'es a

d
range of sfen and (c) is 250 to 450 nm 20. The neth
wherein the i ?{’é“éﬁg BI es include pentane insolubles, tol ueneglg#y(?f nd

soot. 21. The contami nation |evel paranetegg_as determ ned by the nethod of
claim1. 22. The residual fuel and the insolubles paraneters as determ ned

by the nmethod of claim 11.

17. The method of claim 12, wherein the frequency range of steps (a)
and (c) is 250 to 450 nm.

18. The method of claim 13, wherein the frequency range of steps (a)
and (c) 1s 250 to 450 nm.

19. The method of claim 14, wherein the frequency range of steps (a)
and (c) is 250 to 450 nm.

20. The method of claim 11, wherein the insolubles include pentane

insolubles, toluene insolubles and soot.

21. The contamination level parameters as determined by the method

of claim 1.

22. The residual fuel and the insolubles parameters as determined by

. the method of claim 11.



