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UV- VI SI BLEOSBRGTROSCOPY AND CHEMOMETRI CSFi el d of the | nveatiuse2pd891] The
present invention relates to a nethod for determ ning residual fuel and

I nsol ubl es contam nation in used diesel engi ne lubricants using UV-visible
spectroscopy and chenonetrics. Back t be en recent
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medi um speed or hi gh-speed engines, with the sl ow 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 andil residual fuels. These engines are of crosshead
construction with a di aphragm and stuffing boxes separating the power

linders f h b . i
The. or ankcadBObHd il REFSRR inveRton & Btk 3 80nenpd T BF fi e s daua et ' 10
typically oRghahSoitiBiel Montafifiiish féﬁ%eacalesﬂemﬂgﬁmu@ﬁ@amyumg nAVavisibld he

four-stroke or ese engines are trunk piston design,
and many opgpeétﬁ)s@apyaﬁd@hajnoh\,&&lcas well. They may al so operate on
distillate fuel containing little or no residua, On deep-sea vessel these
engi nes may be used for propulsion, ancillary applications or both.

Hi gh-speed @rkgtourdxfithe Iaventiommpar abl e to autonotive trunk piston diesel
engi nes and are normally enployed in deep draft vessels only for special,
ancillary applications. These engines generally require. high quality
distillate [0062] oiln trevensayéass,adiasel cogimeat hase. begn (@OgHEIEElY replacmg
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steam 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.



[0003] In | owspeed mari ne crosshead di esel engines, the cylinders and
crankcase are lubricated separately, with cylinder |ubrication being

provi ded w0 03@489nx e-t hr ough basi s by means of injection de¢irase2/siess apply
cylinder oil to Ilubricators positioned ground the cylinder liner. The
crankcase oil provides lubrication for "tHhe bearings, gearing, valve gear
and other ancillary engine conponents and is typically an additive-type
oil selected for good oxidation and thermal stability, water
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[0004] Two specific problems frequently arise in marine diesel engines,
namely, 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 is generally returned 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 oil 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 failure of major



-3 conponents. Normally, a certain degree of fuel dilution is considered
acceptable and in nost cases up to about 5%dilution can be tolerated.
Regar dl eswotohme4479pe of contam nation, frequent nonitori n@CefuSKESISNQI ne
oil isrequired to mintain contam nates, wwthin acceptable |evels. [00051
The formation of sludge is obviously undesirable, and it is very inportant
to determne the cause in order to prevent damage to the engine. This is
particularly so with expensive marine engines. Sludge may be formed by fuel
cont am nat i oomponerts. Ndmmalby, iarogriain degree of fuclidilutionris cansidgred; acccstahf/@m y
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asphal t enes have poor conbustion characteristics in diesel engines. [00061
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PCT/ USO02/ 35@fiftion 4s probably the polar, highly aromatic fraction of the fuel oil called
asphaltenes. This fraction is generally only partly soluble in the lubricating oil.
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Also because of their aromatic character, asphaltenes have poor combustion

characteristics in diesel engines.

[0006] Over the past decade, some medium-speed marine diesel engines have
experienced problems with excessive deposits, with so-called “black sludge” or
“black paint” increasingly found in crankcase and camshaft areas. Likewise,
fuel-derived 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.
Unburned fuel contamination of engine lubricants has become common in these

marine diesel engines.

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

possible.  Unfortunately, once asphaltenes come into contact with metal



conponents, they will often stick to themand remain. In addition, these
deposits <collect other oil insolubles, such as soot, by providing a sticky
surface. WOPOMIL7s3 due to asphaltenes may formin the coolper/ysar/s®sdf the
engi ne, such as the crank- case or canshaft areas, but they nmay also form

on the hot piston undercrown area resulting in poor cooling of the piston
crown. [0008] Deposits and sludge formation, however, are not the only

i ssues of concern in today's nmedi umspeed nmarine di esel engines. .
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by conventional used oil analytical tests. Pinpointing the cause of these undesir-

able lube oil 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 oil 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 lube oil viscosity
and low TBN remain issues today in medium-speed engines, particularly in low
lube oil consumption engines. Some engine builders believe that the buildup of
pentane (or heptane) insolubles, perhaps more than fuel contamination, is 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 engines indicate that residual fuel contamination is



observations, fuel contamnation is, in at |east some nodern marine trunk
pi ston diesel engines, nore likely the result of unburned or partially
bur ned aswbaBi#stes draining off the liner into the | ube ®CI/GanpsIss
entering the sunp with other blow by conpustion products. The naltenes
(non-asphal tenes) fraction of the fuel IS conpletely burned, while at

| east sone of the asphaltenes fraction renmains unburned. This study al so
brought attention to the inportance of neasuring various types of
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applications and in the field-testing of new lubricant forrulations. In
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ct-a%d quantify unburned residual fuel in marine engine oils based on
electron spin resonance (ESR) spectroscopy. Key to the method is the fact that
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, is not 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 burned 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



been well received by industry, it is limted in the information it

provi des and does not neasure fuel contam nation directly. [0012] As such,
a need exwstm/oigme3 a rapid, reliable nmethod for exam ning poagisdyadess uel and
i nsol ubl es contam nants in marine di esel_(#ybri cating oils. Summary of the
I nvention [0013] The present invention relates to a nethod for determ ning
contamna- tion in marine diesel lubricating oils. The method has been
found to have particular utility in rapidly estimating residual ,fuel and
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the steps of a)., obt ai ni tal.. raw data over a frequency range

subst anti al |‘{9€éa§w§r‘%‘}f€ f?'gl %ﬁﬁg at{ﬂ"t‘?‘ﬁ% let- visible light for
reference lubricating oil sanples with known properties and concentrations
of residual fuel and insolubles; (b) perform ng chenonetric techniques to

t he spectral[00p2] daps aivhaiaeded rexistedfof & rapiddesiédbde metholdi foraéxamminingdel
and calibrate the spectral data with actual values for paraneters
reflecting residualduel and insehibtlemeontaminantsiin mesing diess! bibstcating#ilson of t he
reference sanples, the actual values determ ned by neans of conventi onal
anal ytical nmethods; (c) obtaining spectra of sanples of marine diesel

| ubricating S%ﬁmﬂ_b} ;gfﬂﬁkm%\ﬁﬁmponcent ration of residual fuel and insolubles
over a freq € Stantially equivalent to that of
ultraviolet-visible light; and (d) processing the obtained spectral raw

data of step écg and applying the devel oped caljbration nodel to the
processed dd0813ln ofhepressntienventiondelates (92 mathed for detemmining copamiage| of
|
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a primary object to p r examning resi
cont am nant inwmrn&rdiﬁwldhbﬁehﬁm%bﬂh aadiincluded the §t8PsLof: (a) obtainimgt spectral

primery. ob] ?ac;[v cga(:a r())rvg}/ iadt?rec?uerrrx%gl roactilgz %Lbstﬁtgl?)i' rtl,(iqluivale:nt 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 contamination of the reference samples,
the actual values determined by means of conventional analytical methods; (c)
obtaining spectra of samples of marine diesel lubricating oil with unknown
concentration of residual fuel and insolubles over a frequency range substantially
equivalent to that of ultraviolet-visible light; and (d) 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
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.



i nsol ubl es contam nants in marine diesel lubricating oils. [0016] It is a
significant object to provide a nethod for exam ning contam nants in

mari ne diweaeB/oksrhd i cating oils that is both rapid and rel ipabluso2/steehn
conpared with other known nethods. [0017]_ These and ot her objects and
features of the present invention wll b'e7'apparent fromthe detailed
description taken with reference to acconpanying figures. Brief
Description of the Drawi ngs [0018] Figure 1 shows the correl ation of

resul ts obt J00p4] fr Agtérdénglly] itayiaoprétary objebt o poeide @ aestind et dcanining he
present invention to the Residual Fuel Detection (RFD) nethod of U S
Patent No. 3¢sidealAgsl coroammants yumaripeghiessl lubricafipgdilson of results

obt ai ned for conventional base stock lubricants to that obtained for

hydr opr ocessed base stock |ubricants. [0020] Figure 3 shows the correlation
of results ¢nedy,f ul & i, O =t Yo Si sge SEIATh L f

t he present q??lgse]ntign{sgdr&k I{/I@g@f%tgeapg?\f%ﬁgﬁ%engoﬁ%?éei%% 03/ 048763
PCT/ US02/ 35%#olubl8s cOmaiinnty i enatirrdiesel libricaringedidd. i on of results
obtained fromthe ultraviolet- visible spectroscopy nethod of the present
invention to ASTM D-893 for toluene insolubles. [0022] Figure 5 shows the
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t he cal i br awHanodomeiredmdtt bthet &adwaahethodsn t he ul traviol et-visible
spectroscopy nethod of the present invention to the nodified Fourier
transforminfrared (FTIR) nethod DIN 51452 for Soot | ndex.

[0017] These and other objects and features of the present invention will be

apparent from the detailed description taken with reference to accompanying

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.



[0024] Figure 7 shows the correlation of results obtained for the
calibration set fromthe ultraviolet-visible spectroscopy nethod of the
present iwWoeabigImB to the TGA soot test, ASTM D 5967. [ OO0PEir/uSnysmves 8 shows
the correlation of results obtained for both the calibra- tion set and the
test set fromthe ultraviolet-visible spektroscopy nethod of the present
invention to the TGA soot test, ASTM D-5967. Detailed Description of the

| nvention [0026] The content of unburned residual fuel and insolubles in
used marine o]} 'Flg?éé UTShOGA tAE CORltbn Of febEtPOBARINI FroMPME fiatblet-

ul traviol et- VI Si'bl e Vi s) spectroscopy and chenonetrics. Wien seeking
to estimat e visibledspéctrdssopy cmletlmd dnthe, peespot tinventioh tdeASVM pPeR93uifot hat
is sensitive to aromatics is nonitored, since the core of asphaltenes is
rich with atolwgne énsoluhjes. The result is WD 03/048763 PCT/ US02/ 35955 -9

gi ven as per cent fuel contam nants or its equival ent based on the aromatic
fuel conponents neasured. It is inportant to note that know edge of fuel
characteris is CERe
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Thi s new rrehngd estimtes with reasonabl e accuracy all of these used oi l
properties a si ngl e UV-Visible spectrum which requires only a few
mnutes to acquire. This is in contrast to the tinme and | abor-intensive
ASTM test net hods to which sonme of these correlate. [0028) The UV-Vis
met hod of t j@028]es eRigurd6shbwgrthé @smekationf afuesltsoobtamed formboth theeckibra-
met hod of U.S. Patent No. 5,169,785, described above, when seeki ng to
estimate re&ionusst andethedgsttsamfmmtbﬁ ulltna\agl@&vmblﬁrﬁpeptseﬁqqpé(tmﬁgm of the

sanples. U %reslgnE mventlon o %he modslﬂeé ﬁo%rrleetr)ytrans ornt te% b&"”fﬁ{)er ethod For

DIN 51452 for Soot Index.
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[0024]  Figure 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 unburned 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



all that it discloses. Wereas the RFD net hod neasures the quantity of
vanadiumin the form of vanadyl porphyrins, UV-Vis spectroscopy detects the
aronmat i c whasaet7es of the oil sanple. Fromthis informati @cT/ushy3iasi ght
percent of unburned residual fuel contamjnants is estimated. In essence,
the two nethods use two different "marKefs" of residual fuel. Wile both
nmet hods can be automated, a key advantage of the UV-Vis nethod is that it
measures the amount of undesirabl e unburned fuel contam nants di rectli/. A
second advargivgeas per ténttfuel comamihands es titsnexuivalesbbasetem (lmeamamicafm@ or
heptane), without doing a tjmne- consum ng extraction, as wel | est

soot |evels CO{IMMSTHP%?‘SBYF(\/ i Si bl ¥ AMRPYING tps ngtg ftbﬁtrrelﬁlweﬂg‘? s?Fné‘ang a

dilute soluytion f o] PPM in cycl ohexane. The solution is

t hen introd%&l 54%‘3‘6%%19 02/ 35955 -10 to a 1 cmflow cell. The
UV-Visi bl e spectrumls then acquired in the range of 250 to 450 nm
enploying a lowstray |ight doubl e-nonochronator spectroneter. The
spectrum i s [602T]ect THe fOV-Vis mdthodjtaf thedprtséntt inventibme rmeay radsdf ibeatsedntd  f or
the spectrum,is gm 1. [0030]  Spectra are ﬁcqwred on a nunber, of di ferent

sanpl es for eSOl kwumqs of | mse wles, twhist %Emd@mﬁ% engas) iy

Cor el at1 ng 1 MR o BndsiEr Prals: Ofn - ElomRriHBapE Wer ASTIRE fgfhidﬁoda

5 Lo accur SAUNbIES Lt THEWply BREAAS Bentihe ifduNed, 1ok RLoIRbIEIABBbES

used for the devel op e cheno tr|c nmodel 1’s cal |l ed

cal i br ati onInddx aricDQ‘BiA sEoir Tihiis ﬁewnneuhbdcusumat&snmthtreasonabléedcsumyeall of
devel oped for several key used oil properties: residual fuel

cont am nat i 8#esepisad ailepropediesiran &négleé&l Visthle |snmte§n whirhsieguirgs only

measur ed by lLer Transform|nf are FTI avinetric
Anal ysi s (T f 'Fﬁ'é'gées oﬁ%ql{qees 12% °r?“§5 ﬁ%‘ﬁ?@ m6 Stve
cont am natl9»(51*101&%@tﬂods@@wwa%&%xbftm&%owm&ed to residual fuel. A
key advantage of the present invention is that all of these properties can
be esti mated
[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
is 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



with a single spectrum which requires only 10 to 15 mnutes to conplete.
It is known that the neasurenent of insolubles and TGA soot by

conventi owelofwsans typically requires an hour or nore toPCOMShES®SSW th
the estinmation of fuel contami nation evgqg_nore difficult. Pentane

| nsol ubl es [0032] Pentane insolubles in used marine engine oil sanples

I nclude a variety of organic and inorganic matter. The organic matter can

i nclude soot, oxidized ojl and asphaltenes. The inorganic nmatter nay he
dirt, sand, tdal cmmvgpeilcaﬁ& UM-S};&&C, spacrunngy thenragquirgdin iTAuBY GEI es
I n used engi Qi are same. WO 03/ 048763, PCT/ 1US02/ - i

measur ed, b&gﬁitp 45? WB‘teI%quHgs?) oggﬁtr%yj&hit géphﬁﬂéggéaﬁgg}%#?;ec@%ke&rh t he
sanme types e’% ﬁ.{mﬁ %@é&ﬁ | i erdHeiSalQinit for th
asphaltenesquha E:per % S oxl |zdé3ﬁgiill€ﬁgg?gm|;?leﬂéiﬁ%l??hm ed. Therg?léreo,r t%e

t ot al armunfs{)eétrmheipt;m', I nsol ubl es shoul d never be greater than pentane

I nsol ubl es. [ 0033] The neasurenent of pentane insolubles nay be conducted
in a variety of ways. Two standard net hods are ASTM D- 893 and D-4055. ASTM

D-893 is a rifugal, method and th ref erred |0, '

I ncl udes ad&ﬁ@%n gﬁe%}racgﬁegﬁcf%ﬁe P ﬁerﬁﬂne% e%tiegliffeg%rét %ﬁ@lfeé ?é\lg‘o'flﬁg%{q ggy

par ticul at e%se&}&flo?x%ge&ie%, ShitH h@pehitafP inTIIERIEs  KiveUsERnameRReéd.| @ cR@RABL Ng,
such as 1.2 m hése methods,  engine builders typically prefer D893 in
their used adtrisprodéliisaeveloped &tdm thighlats byeonetatingethe keyrpropettied to The uene
I nsol ubl es [0034] Tol uene insol ubles in used marine oil sapples inglud

soot and a speetraltdatas Theogepd mfdhemedsl is toaceyrately ssimate ke pPreerties f rt |

ol ubl o €8 bineThe Forcofupptes el el vIpPineRl of BRY RSROBEEE iyl e

D893 1 5 o CeoH I B, & the preferred option of this method

i ncl udes addition of a coagul ant
[0031] For this invention, chemometric models were developed for several
key used oil properties: residual fuel contamination, pentane insolubles, 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-



to help precipitate small insoluble particulates. Soot |ndex [0036] Soot in
used marine engine oils may be neasured in several ways. None, however,
nmeasur e swot03as763 cl es excl usively. Sonme | aboratories usePan/UShTsRs5ret hod
(DI'N 51452) to neasure the anount by scagjer of infrared radia- tion
relative to new oil. Net "absorbance" is nmeasured at frequencies where WO
03/ 048763 PCT/ US02/ 35955 -12 there is little or no interference fromthe

oil or additives. Soot Index.is a di fication of DI N.51452 whereghy the
het *abeor bHmSs TEasUEhJah is R0t BONEPREA PIACHE. FHRsipsolphles ConiA the

result simlar to th 0 (; 11QW) t.o ahqu 9

provi ded thé%eﬂesoﬁf}%ejl ?%Pgﬁ?@h? el\ﬁ/gqnggg @igslggs%éeagm n%%g‘r?m:‘éﬁ naers’ge
enough to Sﬁﬁ‘atéérhhﬁg ri8ed 26kl afaf@%reéiﬁﬁbﬁht erfifer€forélOthe itGthE rangdufmt Wbf h
this test. TGA Soot [ 0037] The TGA Soot Test (ASTM D5967- Appendix 4) is a
measur e of heptane mswdublesshenldmieverbe gréatér thanipedtans inssflublgs.ol i ze under
nitrogen as the sanple is heated to 650C. For distillate fuel
applications, this material is soot. For residual fuel applications, this

carte | * or T € .
mnatys s [ oBIBRI0: e AR BLTAT DL bhRRE inslh il rai e BORARAFIPH hariER) °
devel opnent of gfayd. CPvbNtaid00 mM&HSds arthRSTMITB-898VAIdD-05T0 ASTNICD-893

techni ques that “can be used, such as: Partial Least Squares Regression
(PLS), Ml tis a centriffgalrmethiodrandAhelpysfesredMpRlon ¢ff thicinetiodOnehuies addition

Regression (PCR), Principal Conponent Analysi.s (PCA), and_Di L M nant
Angl ySi s. Tgﬁ ap‘;?oéglélaﬂéép gh’@rﬁi‘ﬁmﬁtﬁﬁ smalh inselehle ,P(Z‘W‘F‘é%t@%r Paﬂég W e %?‘Fﬁ'e

PLSTs o molhiethod RN p-aERpile maffal BMICAF 37 Guiof Bygsfatbiold>S

engine builders typically prefer D-893 in their used oil specifications, although

some use their own method.

Toluene Insolubles

[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 oil 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” is measured at frequencies where



rel ati ons can be established between bl ocks of variables, e.g., a block of
descriptor data (spectrum for a series of sanples and a bl ock of response
data neawored48m t hese sanples. By the quantitative rel aPcorusbrsissen t he
bl ocks, it is WD 03/048763 PCT/ US02/ 35953 - 13 possible to enter spectral
data for a new sanple to the descriptor” ?6ck and make predictions of the
expected responses. One great advantage of the nethod is that the results

can be eval uated gr_at)egi cally, by different plots. In nost cases,  visual
i nt er pr et at Kkare isf litthee 0pI R Tntesfesenioe; Foanthe @ibior AdditvesooSaoh dadex 488 ng

br of ect | ons Modifirtios oF PRERTH? ertBy ufie 58T b pfuiescdy eastiRLsy YR
Carlsson R enPet281 w9l | ThiPERY d ReOSMitar sk HIETIOA Shot Gresd(see

Vandegi nst e Ing In science an

t echnol ogy, belIvwoep €6 abdROPwt%, provided Méré atd oielgrndgtigitds $¢vuls 6hadspended MLR)
[0040] By MR, the best fitting plane for the kappa nunber as a function of
t he spect r aincergamics nkdge enoughl éasicattepuanfrarede cadintions tAspheltengs dachot
boundary of . t | ane, . This plane is then used to recognize and assign a
predi cted viME ef‘gwé this{¥€8bwn kappa nunber. This technique is generally
limted to relatively 'clean' systens where there is not a significant
anount of matrix interference and, in contrast to PLS, it requires nore
obj ects tham@AaSode! es. Principal Conponents Regression (PCR) [0041] PCR is
closely related to PCA and PLS. As in PCA, each object in the descriptor
bl ock is projected onto a | ower dinensional space yielding in scores and

| oadi ngs. THROFHor eTharEGnh&oot ekpse (AST MgRi5A67-A pgendix phn tse abinsasure nof a

| east squares procedure essi on no that can be used to

| eading tQ a .reg el
predi ct unkFOMAIN&RgHogabu fﬁ%ﬂ%&&t iqeatn%ttngogg g5 mtrogan msathe n pe

:;',SC%:I Ut88 2)’ glt_) g%gbfé {sReatOF R 6565¢ N EoR adisu%@%'}&)pﬁggﬁgﬂ, $hisTratkridO g 48763

For residual 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 Discriminant 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 variables, 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



-14 [0042] By PCA, a set of correlated variables is conpressed into a

smal l er set of uncorrelated variables. This transformation consists of a
rotation wboles76zoordi nate system resulting in the ali gmeEntsopss9ss
information on a fewer number of axes than in the original arrangenent.
Hereby, the variables that are highly cofrelated with one another will be
treated as a single entity. By using PCA, it thus wll be possible to

Phe i 1 or raOsHbIHoSNIEESG5a4 A fo8 AHa SRRBIERIthe deSGIBOr HlackipBsmalkh
bei f I

companent s arpaetifl o fhe; TR spded o Pietireatadvintabelir (if pRhod is tha

Anot her enbqré pRRlts IcAf Ibed8mhidied ef AheéLr g”%&'diffe&fnt 6! qalm@sarcasésnwual

principal conponents (wth or wthout ta processing) and thus ADN t OF | ng
t he princi pahterpretationsnof the plotare cmfficient rtu abtdir @l gbod gundesstendiagues to

paraneters comonly used for process contr ﬁ£0§3 For_a tutorial in
PCA, PLS anahﬁgmnt relations beiween the variablgs. tm & hasedsapeyt pEojections,

ncor por at eduRUHf PRy dihst BRSmfthofis idtosel  ddsaildn é:?rﬁghp Bl °
[ 0044] Thi s gihg tﬁﬁfzaﬁsn\medr s}&yleren R, . Gpwvaﬁdégaﬁﬁe Oh‘MkKWﬂlehﬂPpa

nunber val ues are grouped |n o di clusters, separated by |inear
deci si on b&dsddDatehanblingnin ssieapeand wdmalogyntﬂlee\uér useahwolk&ppa nunber
then can be mtched to a cluster, and the kappa nunber can be assigned a
value, e.g., the average value of the cluster. This is a very useful
techni que f ) SC \ . equires a very | arge database to
obt ai n st at FStrears SRR A S*  [0045] The fol | owi ng Exanpl es
illustrate the present I nvention and denonstrate that the residual fuel
and insol ubl es contam nation in new and used WO 03/ 048763 PCT/ US02/ 35955
-15 nmari ne I[0040]cat BygMdR, thetesbhttingppldhy foputhet kdppadnimbérhes aifenaionbf Vi s
met hod

the spectra is defined, using least squares techniques to define each boundary of
the plane. 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 variables.

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)




of the present invention. EXAMPLES Exanple 1 Residual Fuel Calibration
Sanpl es [0046] To establish a calibration set of sanples, the follow ng
types werwo od¢d7edled: seven sets of new Mobil gard 440 sanpiCeaSopsiossi nat ed
with residual fuel, two sets of a fresh_ 40 TBN conpetitive oil (Conmp. QO
A) contam nated wth residual fuel, t h7 d& “new engi ne oil sanples

(Mobi I gard 430, Mobilgard 440 and Conp. G| A) and eight used oil sanples.
[ 0047] The seven sets of fuel-contam nated sanples were forned by bl endi ng
one of severfj0042}i duBy RQA| a set ofi copelakdsbivanables t4compreasast oo aesnaglier ze6
w% 5.0w% 7.5 wt%and.éﬁ w %] evel s.. The.seven fuel s sel ected re
obt ai ned f odrHRearTelaed ragialies. of Thisctrapsfpoamation (copsists Rid’er?téﬂaﬁ ¢

asphal t enes . ) i St 03 f r ' | S\ed

ol ow.  Tabi SOORRRE sysfém Rblthen hp 31ighflen? 0P RRfoinaohorl & ENE, fuber
Density Sanpfex¥ $h&s in Yhd®agidal rarﬁﬁgéhﬂbhﬁnﬁ‘er ate Wariabies theCaeShi cSt
CCAl W% w % (ppn) 1 173.5 0.9530 823 2.6 7.8 120 2 NA NA NA 1. .9
100 3 756. tofrebdd witiPode andthen wititbe tredted. a8 a\siaght entitys Bp wsing3BCA5 i635. 9
0.9672 823 1.9 9.2 220 6.15.78 0.9286 835, 1.9 2.6 29 7 350.5.Q.,9860. 848
2.4 9.1 81 WD 680 o 0biags e small selo of] upcrrelatsd: yasisbles Sl end

was decant e(ileﬁ%gexﬁﬁ&t fldst FAht Gnf SRS Which was present in the original set of
variables, but being far easier to use in models. In general, 2 to 15 principal

components will account for 85% to 98% of the variance of the variables.

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" in 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 fuel and insolubles contamination in new and used



sl udge that may have fornmed. The anbunt of contam nation for each sanple
was based on the resulting vanadiumlevel in the oil as a percentage of the
vanadi umworBem7edf the fuel added. [0049] Two of the sevedcTiEs23f96skl s were
al so blended with new Conp. G| A to tesk the effect of additive
variations. Conp. Ol Ais knowmn to have a distinctly different

formul ati on from Mobi | gard 440. Bl ends were nade as described above and
the sanples included in the calibration set of sanples. Additignally,

t hree new oimariggbibsicatingistilsgmay besmpidlyuagtifigd Mmothegeseoplelf V-Yis tﬂm?ﬁq(bbl es
as M5 430 ang, 440 resgectively, and Comp. G| A were included in the
calibration® ep{)esggg{nvp %0, cont ani nati on. Ei ght used oil sanples were
selected to represent high, noderate and | ow fuel contam nation, as
det er mi ned m&—? amount of fuel varied fromO to 15 wt% A sanple
with zero f i nati on, see Sanple No. (98-18397), below, contained a
| arge anobunt_ of soot. Using these sanples, several chenonetric nodels were
devel oped t &xampledt e fuel contani nati on. [ 0050] The UWV-Vis analysis is
performed by first making a cycl ohexane solu- tion of the oil. The sol ution
i s prepar ed RusidithdliFagl Ealib@pioalSaphplesn a di sposable glass bottle and

addi ng about” 100 nl of cyclohexane to the bottle (1 drop of oil (about
0.03g) in about 78g solution or around 400 PPM, recording the weights of
sanpl e and §0046] onTo Téseatsizhui icalibrationnsétoofigatiples, ahd folloirpntysdsl wedde UV
spectrumis then acquired in the range of 250 to 450 rimenploying a | ow
stray | i ghtineluded:eseyensetsrefnpew ngbﬂgarddHQ samples gontaminated witheesiduabda

shes e 1 R ORSPHCH U BSOS
vashed 1A KGARIATE B S5 CherTEN ARSI BN 0 a0l

anal ysi s. RaadlCompoDilerindeighhaseboil barmplesn sanpl es are shown in Table
2.

[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 Qils Used in Calibration Set
Kinematic Density
Sample  Viscosity @ Sulfur  Asphaltenes Vanadium
No. @50°CcSt 15°CcSt CCAI wt% wt% (ppm)

1 173.5 0.9530 823 2.6 7.8 120
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 2.5 10.4 330
5 635.9 0.9672 823 1.9 9.2 220
6 15.78 0.9286 835 1.9 2.6 29

7 350.5 0.9860 848 24 9.1 81



TABLE 2 UV-Visible Results on Calibration WO 03/048763 PCT/ US02/ 35955 -
18 Sanpl e Fuel Content Fuel Content Nunmber (V or RFD) wt% (UV-Vis) w %
Sanpl e Deworaspisien 8 2.1 2.3 New MG 440 + Fuel Sanp. No. PCTA$02/259450 New
MG 440 + Fuel Sanmp. No. 1 10 6.7 6.2 Ne 6NG 440 + Fuel Sanmp. No. 1 11 8.3
8.6 New MG 440 + Fuel Sanp. No. 1 12 2.'@1 2.9 New MG 440 + Fuel Sanp. No. 2
13 5.0 6.0 New MG 440 + Fuel Sanp. No. 2 14 7.5 8.7 New MG 440 + Fuel

Sanmp. No. 2 15 10.0 11.2 New MG 440 + Fuel Sanp. No. 2 16 2.1 2.3 New MG
440 + Fuel Sanp. No. 3 17 4.2 5.1 New MG 440 + Fuel Sanp. No. 3 18 5.8
6.4 New MG 440 + Fuel Sanmp. No. 3 19 7.5 8.4 New MG 440 + Fuel Sanp. No. 3

20 2.3 2.6 Noyys(C 4RAcH con@iraeR bldd wis dédarfle® and ¢eheifubbd ffnioveudily
Sanp. No. 4% 22°4.5 5.3 New MG 440 + Fuel Sanp. No. 4 23°6.4 7.0 New MG
440 + Fuel Shidge that rday Rdve formded) ehe AfdoddDof contamifatipn fdbo cach sample 5
3.7 New MG 440 + Fuel Sanp. No. 5 26 6.8 5.4 New MG 440 + Fuel Sanp. No. 5
27 9.1 7.2 Ny hasedqon thegssultingpvangdium leyel in the oal ms\p percentage géhe

Samp. N0 62082 Al SR i UE! AP, W06 30 6.9 6.1 New b

[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 ym™. The flow cell is finally washed with cyclohexane and

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



31 10.3 8.4 New MG 440 + Fuel Sanp. No. 6 32 2.5 2.5 New MG 440 + Fuel
Sanp. No. 7 33 4.9 4.8 New MG 440 + Fuel Sanp. No. 7 34 7.4 7.2 New MG
440 + FueWOoSame76No. 7 35 9.9 9.6 New MG 440 + Fuel SanpPCNaIS0¥35936 0.0
1.7 Used MG 440 ex MV A 37 13.0 12.4 Usgd M5 440 ex MV B 38 15.0 13.6
Used M5 440 ex MV C 39 5.0 7.7 Used MG 440 ex MV B 40 9.0 8.4 Used MG
440 ex MVD 41 10.0 8.2 Used MG 440 ex MV D 423144Used MG 440 ex
MV D 43 5. 74Use MG 440 1 New MG 440 45,0.0 0.0
New NG 430 #BknownoalyEe, R dar' C[ho@éﬂ}e eABbgn. SaRPIES Areaham, B 5 s
t he act ual %ﬁi %ont am nation |levels were nade for the seven fuels in new
Mobi | gard 4 afd the best straight [ine WO 03/048763 PCT/ US02/ 35955 - 19
through the origin was fit through the data for each fuel. Linear
correlations and slopes for each of the fuels are listed in Table 3,

bel ow. TABLE 3 Linear Correlations forTABERE2Q | Added to New Lube Q| Fuel
Fuel in New Mobil gard 440 FuelUV-VisibleResaltd on’Calthaagidre Li ne R Val ue Line R
Val ue Nunber Sl ope Correlation Slope Correlation 1 0.99 0.991 2 1.14
0.998



3 1.13 0.996 4 1.13 0.994 5 0.80 0.999 6 0.84 0.995 0.90 0.986 7 0.97

1.000 1.08 0.999

[ 0052) Correlations were very good with R-val ues ranging

from 0. 99W0t06/04876000. Sl opes ranged from 0.80 to 1.14. TheCEAsewsuss sl ope
is 1.000. The 20% variation in slopes rgkative to the expected value is

simlar to the 20% error
various residua using parti al

Pinelli, G,

hereby incorporated by reference for all
W- Vi s nod8ampleve aFusbfoatenhat i dineh@ontentof 0.4 wt % for al |
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t hr ee

in the neasurenent of asphaltenes in
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[ 00531 The

uncont ani ridtumbemnewWVoorlRED)Awidb ot (WY -Mis)ewtdy- Vi s r SsmplesDeseriptien t he RED

results for ghe used op]l sanpl es sihgwed a fHewIMG@d0d+| iIRneBSammNe@llat i on

t hr ough

linear fit ig

= 0.737, R =510.968). pxanple 2 WO g/ 04876QeRMGYI02/ BaATamp. R 1Test i ng
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by testing i W|th 29 %ddltlonal d Mobi qltéG p the
nodel was te ls“tmed wth sets of Jour fu -d 2440
sanpl es mad th hydr ocessed 38 e sto S were
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three vesselX¥ for whicklthe fuel vahadi um B‘H 9t4 o f uel
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results is r2§hsonab|y 38od, althoughtthe beNew MGaAdgnt

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

[0051]

4.5
4.5
6.4
25
4.5
6.8
9.1
24
52
6.9
10.3
25
4.9
74
9.9
0.0
13.0
15.0
5.0
9.0
10.0
3.1
5.9
0.0
0.0
0.0

5.2
53
7.0
20
3.7
54
7.2
22
42
6.1
8.4
2.5
4.8
72
9.6
1.7
12.4
13.6
1.7
8.4
8.2
44
74
0.1
0.0
0.4

New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +
New MG 440 +

Used MG 440 ex M/V A
Used MG 440 ex M/V B
Used MG 440 exM/V C
Used MG 440 ex M/V B
Used MG 440 exM/V D
Used MG 440 exM/V D
Used MG 440 exM/V D
Used MG 440 exM/V D

New MG 440
New MG 430

New Comp. Oil A

R BN BN e W e W o W« WV RNV RV RNV I G Qi S N

thegorigin wigh a slope 0f40. 960 aNewaGR40a+ uguef SdmPNo. 1A better

found wgen the line 3 not fREWMGI4A00H]IFukNSands.iNB.N (Sl ope

The orrel ati of-Sbet ween t he84V- Vi s NWM@&“Pe‘SuIFPQl Samp- ¥ 3RFD
Fuel Samp. No.

Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
Fuel Samp. No.
New MG 440 + Fuel Samp. No. 7

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



line fit does not go through the origin as shown in Figure 1. The UW-Vis
met hod overestimates fuel contam nation at fuel dilution levels < 7.25 wt%
and undewegsiomsase the fuel dilution contam nation |evel sPeTUSEH3 W90 Stil |
the correlation is reasonably good with g = 0.90. Wile the U-Vis nethod
has been found to possess 20% error, neasurenent of residual fuel

contam nates by the RFD nethod woul d be expected to have a simlar error.

[ 0056] The two fuel sanples added to Mobil gard 440 w th, hydroprocessed
base stock wWaromghitbe ongimavasditthronahstheiflata ferrashdieh dhingar eomplatopsnand 440

wi t h conventj onal nd k.0l DAt |'i bration set.
Ther ef or e, shpeeg °‘2§€c§1 §%ﬁ‘%§§e o%yggegqggﬂ(%?érﬁ?ﬂg‘gt he effect of
hydr opr ocessed base stock. The anobunt of raw fuel contam nation was
determ ned by the vanadi um anal ysis of ;E;Lc]@@t amnated oil relative to
t he vanadi um content of the fuel added. ults showed < 7% vari ation
bet ween the sanple sets nade w see Figure ,F). These
resul ts indicate thatldnear Gorelationsfordinel Oih4 ditg ANew dahe Il 5f f ect ed by
hydr opr ocessed base stocks. WO 03/048763 PCT/ US02/ 35955 -21 [0057] Sever al
chenonetrics mbdel s wer eFusldh NaveMobilpayd ¥d0i ed by thel inXZoXips Ovhvel engt h
range and by Sgﬁ%[gmber of Lieed ol I propgpél es inclpggpd 1n  thr vike! .

5

Properties i variog E pes ofn~ @Eﬁl es te sults. le 3
Pent ane Insoln@.. €s— 00 gbe t ot t 'shm%n-t——ef,—t—hesglo ¢ n‘a%-gﬁg ol se in
deterni ni ng resildual  fuel 088nt ani nant&99hbove, a chenometrics nodel was
devel oped for p@ntane insblldbl es. D8IBIB®d UV-Vi si bl e estimates are shown

in Table 4, bel gw. A corrlel tion plot)ghgthe calibration set of sanples is
shown in Figure 3. TABLE 4 ° gJ\/-\ﬁ sible’ Szf“' ts Pentane Pentane

4 1.1 0.

5 0.80 0.999

6 0.84 0.995 0.90 0.986

7 0.97 1.000 1.08 0.999

[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 various residua using partial least squares
techniques (Zerlia, 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



I nsol ubl es I nsol ubles Sanple (D893b) (UV-Vis) No. wt % wt % Sanpl e

Description 44 0.00 New MG 440 45 0.00 New MG 430 8 0.00 0.00 New MG 440 +
Fuel Sanpwe oBlo4s783 9 0.00 0.01 New MG 440 + Fuel Sanple NeCTASOX85985 00 0. 11
New MG 440 + Fuel Sanple No. 1 11 0.27 0.25 New MG 440 + Fuel Sanple No. 1
12 0.00 0.00 New M5 440 + Fuel Sanple Ne202 13 0.00 0.00 New MG 440 + Fuel
Sanmple No. 2 14 0.04 0.09 New MG 440 + Fuel Sanple No. 2 15 0.15 0.19 New
M5 440 + Fuel Sanple No. 2 16 0.18 0.02 New MG 440 + Fuel Sanmple No. 3 17

0.48 0. 29 NWS%& ;ﬂé&zvﬁqﬂ\,{éﬁgﬁwl e No. 3 WD 03/048763 PCT/ US02/ 35955 -22-
Pent ane Pen U S ubles Sanple (D893b) (UV-Vis) No. w % w %
Sanpl e Description 18 0.71 0.43 New MG 440 + Fuel Sanple No. 3 19 0.78

0.62 New NG[(M@!A” FrRé caldbration Net dedcriBEd Abve Wa@%v&ﬁl\ﬁ‘té\cﬁ}ﬂéé?,tiﬁé fi@ithS8pl e
No. 4 21 0.24 0.23 New M5 440 + Fuel Sanple No. 4 22 0.706 0.27 New MG 440

+ Fuel Sanphddidonalius&BMolitzadd 420Namples.448lse, heeinodeinwas tested awitk4w®. 01
0. 00 New MG 440 + Fuel 'S le No. 5 .25 0. 0.11 New M5 .44 Fuel S |
No. 5 sets of fou}J %uel-ﬁﬂﬁeg new Mobilgard 426; samples m\allvde Wiﬁl gy&rropyo%esseadrm ©

base stocks. None of these samples 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 is 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%. Stll 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% variation 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.



26 0.02 0.26 New MG 440 + Fuel Sanmple No. 5 27 0.03 0.43 New MG 440 + Fuel
Sanple No. 5 47 0.03 0.00 New Conp. Gl A + Fuel Sanple 6 48 0.02 0.00
New Conp.wQiok/o#87¢3 Fuel Sanple 6 49 0.07 0.02 New Conp. OPCTAIS®2/F3983 Sanpl e
6 50 0.02 0.08 New Conp. G| A + Fuel Sayple 6 51 0.43 0.43 New Conp. O
A + Fuel Sanple 7 52 0.02 0.05 New Comp. G| A + Fuel Sanple 7 53 0.07
0.15 New Conp. G| A + Fuel Sanple 7 54 0.02 0.25 NewCorrp al A+ Fuel
Sample 7 28 0.02 0.00 New MG 440 .+ Fue Sarrple 6 0

440 + Fuel 0%e Neevesal sbemomn@csomQJé% Ntere £y Wé“NB%YGh]F

Sampl o No. | P33 oveslensd ey e Piohe %@ﬂﬁ%ﬁ@'%@ﬁ*@% ﬁ@%@?' New

MG 440 + Fu et esofdp! € No. 7 55

0.02 0.06 N@vﬁ@gagﬂllgp}v}#&g%% ﬁégﬂi ?%%ROGQ%WM 031}58587%3 PCT/ US02/ 35955

-23- Pentane Pentane |nsol ubles Insol ubI es Sanple (D893b) (UV-Vis) No. wt%
wt % Sanpl e Description 56 0.05 0.17 New M5 440 w J500 + Fuel Sanp. No. 1

57 0.07 0. 2Example 440 w J500 + Fuel Sanp. No. 1 58 0.31 0.38 New MG 440

\év/JSOO + Fu$ ntanansolYoblel 59 0.01 0.06 New M5 440 w J500 + Fuel Sanmp. No.

[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.

TABLE 4

UV-Visible Results

Pentane Pentane

Insolubles Insolubles
Sample  (D893b) (UV-Vis)
_No._ _wt% _wit% Sample Description
44 0.00 New MG 440
45 0.00 New MG 430

0.00 0.00 New MG 440 + Fuel Sample No. 1

9 0.00 0.01 New MG 440 + Fuel Sample No. 1
10 0.00 0.11 New MG 440 + Fuel Sample No. 1
11 0.27 0.25 New MG 440 + Fuel Sample No. 1
12 0.00 0.00 New MG 440 + Fuel Sample No. 2
13 0.00 0.00 New MG 440 + Fuel Sample No. 2
14 0.04 0.09 New MG 440 + Fuel Sample No. 2
15 0.15 0.19 New MG 440 + Fuel Sample No. 2
16 0.18 0.02 New MG 440 + Fuel Sample No. 3
17 0.48 0.29 New MG 440 + Fuel Sample No. 3



60 0.02 0.14 New MG 440 w/ J500 + Fuel Sanp. No. 2 61 0.18 0.26 New MG 440
w J500 + Fuel Sanp. No. 2 62 0.55 0.38 New MG 440 w/ J500 + Fuel Sanp. No.
2 36 2. 68023887Tked M5 430 ex MN A 37 1.10 1.05 Used MG 2¢0/usk2/889%s B 38
1.58 1.31 Used MG 440 ex MV C 39 0.5602 59 Used MG 440 ex MV B 63 0. 29
0.48 Used MG 440 ex M\ D 64 0.59 0.60 USEd MG 440 ex MV D 65 0.28 0. 41
Used M5 440 ex MV C 66 0.72 0.88 Used M5 440 ex MV C 67 0.28 0.29 Used
M5 440 ex MN C 68 0.55 0.60 Used MG 440 ex MV C 69 0.42 0.69 Used MG 440
ex MV C 70 0.06 0. Pdntaked MG £40tapgk MV B 71 0.32 0.63 Used MG 440 ex MN
B 72 0.35 0.66 Usethsulubddd ex Inbolubles 73 0.53 0. 68 Used MG 440 ex MV B 74

1.10 0.92 UsgdhdiG 44@@sb)! V C (FB-BsPQ 0.88 Used MG 440 ex W C 76 1.14
0.89 Used MEAA0 ex %&/ﬁ 77 0 84of). 98 UsegnNBDMErigHo MV B 78 0.95 0. 96
: /0487633?5%%“ =5

Used MG 440X WN B uso2/ - Pent ane Pent ane

| nsol ubl es lasol ubl es, zanpl e (DGPEP)  (UV-NL 340 Bl SEmaiRcS 3

Descri ption

19 0.78 0.62 New MG 440 + Fuel Sample No. 3
20 0.07 0.01 New MG 440 + Fuel Sample No. 4
21 0.24 0.23 New MG 440 + Fuel 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 0.00 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 + Fuel Sample 6
51 0.43 0.43 New Comp. Oil A + Fuel Sample 7
52 0.02 0.05 New Comp. Oil A + Fuel Sample 7
53 0.07 0.15 New Comp. Oil A + Fuel Sample 7
54 0.02 0.25 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 Sample 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



79 1.63 1.45 Used MG 440 ex MV E 80 1.48 1.35 Used M5 440 ex MV E 81
1.72 1.50 Used MG 440 ex MV E 82 0.68 0.78 Used M5 440 ex MV E 83 1.32
1.29 UseowhB3d406ex MV F 84 1.43 1.36 Used MG 440 ex PPPGI/U862/33920 1. 46
Used MG 440 ex PP G 86 1.33 1.43 Used 440 ex PP G 87 1.21 1.40 Used MG
440 ex PP G 88 1.44 1.48 Used MG 440 ex“PP G 89 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 MV |
92 0.35 0.50 Used MG 440 ex MV_l 93 0.92 0.69 Used MG 440 ex MV | 94
0.40 0.60 Used MG 44Bensanavi v | PeBtape11 0.2 Used MG 440 ex MV | [0059]
Wil e the correl ati bisopibdes shovdssodebles scatter particularly at |ow

i nsol ubl es Samgples, FD8I3b)fit t@®NGLGE) the origin has a slope near 1.0
(0.977) withNed R-valws of 0.92.wtPent ane Sangsie Dekesptiewrss than 0.5 wt %
where nuch of the scatter is, are considered negligible. Sanples wth

i nsol ubl es lgvel s gre r than wt % ar ' i | der
maxi mum | i mjgs for i ng'tgigubl es ar (Jao'ﬁgeneraI}F?/VQM]@}taﬁ%“}i@@?{)ﬁlze.lggﬂ br}oq(r)gﬁge.
The current sghenonet rp@g nodel nakZB r eadevaME@ 446 tw/Is@DesFugh SampaNout 2. 7
wt % WO 03/048763 PCT/ US02/ 35955 -25 [0060] All but four sanples re

i ncl uded i n58he cal i bP3di on set. O erdeINe”\gM@@?é‘éIss@Hébf‘é"Tg%?‘Pn%e% f or

all four o:‘ r‘,I,bhese sarr§lggs. Al t hoqg& est WWM@MOWEPE\QDFm@hS-SNWQ h

[
wt % show significant error,

very high Sol ubl es
60 0.02 0.14 New MG 440 w/J500 + Fuel 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 430exM/V A
37 1.10 1.05 Used MG 440 ex M/V B
38 1.58 131 Used MG 440 ex M/V C
39 0.56 0.59 Used MG 440 exM/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 0.88 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



insolubles levels are well outside the calibration set and are rarely
observed that high in marine or power plant applications. Even so,

est i mat eswbos/o#d165e sanples (>3 W% do indicate that th@Coiuss2/aes

unsui table for continued use, which is _sugfficient information. Exanple 4
Tol uene I nsol ubles [0061] A chenonetrics nodel was devel oped to estimte
tol uene insolubles by ASTM D893 with coagul ant. The D893 and UV-Visible
estimates are shown _in Table 5._ A correlation plot for the calibration set
of sanples is shown P#Ntams gure IF’“FOEGZ] Rel ative to the pentane insolubles
plot in Figure 3, tHsolublelene Ipspdubleml es plot has a little | ess scatter
and shows aSgupie cor(@893b) on upt\G-Vig) 2 wt% A line fit through the origin
has a slope Maar 1.0 _(981) witlwtth R2 e Bfes€r@bon Again. sanples with
i nsolubles |levels greater than 1.0 wt% are of nost concern. Engi ne buil der
maxi mum I'i mpys for ingghubl es arq general ltyysedd MG M) e R/VE2. 5 Wt % range.
[0063] As noted in Table 5, all sanples were included in the calibration
set except 80or two wii8 hi gh i ndadqubl es. Used Mbe$t) saMiVdsS, t he nodel gave

hi gh but reasonabl e timates thus indicati h a em exi sted. WO
03;‘]j 048763 P&}/ US02/ 3533@ - 26 TABLn‘Sé)s UV- e@%qbe%e%ﬂ/\?bém ué'nZ Tol uene

Lisglubls Lasoluble S e (Seesiiag .\ ediyyado gl o Desorypior
83 1.32 1.29 Used MG 440 ex M/V F
84 1.43 1.36 Used MG 440 ex PP G
85 1.20 1.46 Used MG 440 ex PP G
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 440 ex PP G
89 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
92 0.35 0.50 Used MG 440 ex M/V I
93 0.92 0.69 Used MG 440 ex M/V 1
94 0.40 0.60 Used MG 440 ex M/V I
95 0.11 0.2 Used MG 440 ex M/V 1

[0059] While the correlation 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 model makes

reasonable estimates up to about 2.7 wt%.



38 1.09 0.94 Used M5 440 ex MV C 39 0.30 0.27 Used M5 440 ex MV B 63
0.24 0.18 Used M5 440 ex MV D 64 0.37 0.39 Used MG 440 exMVD 65 0.17
0. 20 UsedwbiB3d4i6ex MV C 66 0.51 0.52 Used MG 440 ex M ¥YCT/USBZ30516 0. 13
Used MG 440 ex MV C 68 0.29 0.29 Used_M>5 440 ex MV C 69 0.26 0.39 Used
MG 440 ex MV C 70 0.06 0.02 Used M5 440 ex MV B 71 0.29 0.31 Used MG
440 ex MV B 72 0.32 0.33 Used MG 440 ex MV B 73 0.39 0.34 Used MG 440

ex MV B 74 0.42 0.44 Used MG 440 ex MV 75 0.43,.0. 49 Used 44
MV C 76 0[0960} 5 fomr sarpples Were %Cl“g?dd!l CG?Bgraﬂé’@oseﬁGT%?d‘%geﬁ V B

0.96 0,85 LBRE nespRbls et of ot Rtk PpiscRatRy, M alefor®
(DB93) LVt O LT o L on 63046 0,44 Lnet N 440 o
MV E 83 0i3dhibles]dvetsianevell outsidevihe ¢alibration 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. Again, 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.



84 0.93 0.82 Used M5 440 ex PP G 85 0.84 0.92 Used MG 440 ex PP G 86 0.80
0.88 Used MG 440 ex PP G 87 0.74 0.86 Used M5 440 ex PP G 88 1.08 0.98
Used MG 4W0 0850483 G 89 1.73 3.41 Used MG 440 ex PP H 90P2TA%K0R33935 Used MG
440 ex PP H 91 0.33 0.40 Used M5 440 ex MV I 92 0.25 0.37 Used MG 440 ex
MV 1 93 0.69 0.50 Used MG 440 ex MV 12994 0.31 0.26 Used MG 440 ex MV |
95 0.09 0.11 Used MG 440 ex MV | Exanple 4 Soot |ndex [0064] A

chenonetri cs nodel was devel oped to estinmate Soot |Index by nodified DN
51452 (measured at 3980 cm 1). The SodABBHex 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 datgv YistRR&ugward low levels. That is
because typical used oil sarrpl I am speed di esel engi nes have a
Soot Index <0.5. Only or)Ie Ie avall | e for this devel opnment work had a
Soot Index > 0.5. Still, Ql e fit t the origin for the calibration
data has a WO 03/ 048763hrsgi|ubbsoz/ 3595msolubde 5| ope near 1.0 (0.935) with an
R2 val ue of Sanfide (Fi gur éD8P3bpanpl es @VHVISYot Index results >1.0 wt% are

of nost conceyd). Engi ne Kuehder maxi munyi%nits for Saiﬁgbmﬁﬁgﬁbﬂ

generally inthe 1.5 to 2.5 wt%range. [00661 It shoul'd be noted that Soot

| ndex was ng%s actual ly rr%?ired on the §¢|el di | ut edU.ﬂ: |436% Alt
o RRUPY

was assuned-to be zero, his typic or this type of sanple

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/VD
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/VB
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/VE

81 0.86 1.03 Used MG 440 ex M/VE



[ 00671 Several sanples, particularly used oil sanples, were not included in
the calibration set. Figure 6 is a plot that includes results on all

sanpl es. Wbha3s/omydel mekes reasonabl e esti mates for the nomCraiSobsssi on or
test sanples. None of the test sanples_had a neasured Soot |ndex greater
than 0.5. TABLE 6 UV-Visible Results SO0t |Index Soot |ndex Sanple (DI N51
452) (UV-Vis) Number wt % wt % Sanpl e Description 46 0.00 0.00 New MG 440 47
0.00 0.00 New MG 430 8 0.00 0.02 New Conp. G A 9 0.00 0.00 New MG 440 +
Fuel Sanp. No. 1 10 0.0bolgen® New MG Tofgene Fuel Sanp. No. 1 11 0.00 0.00
New MG 440 + Fuel Sanp. Ihwmlulile 12 0. OnsdlileNew MG 440 + Fuel Sanp. No. 1

13 0.00 0. 0GahigyleMG 440 (Dg93B) Sanp. (WV-¥is)l4 0.00 0.01 New MG 440 + Fuel
Samp. No. 2 0.00 0.03,New MG 440 + Fugl Sanp. Nog eQriifion 06 New
MG 440 + Fu mp. No. 0.00 0. MG 440 +—$’§84§@m§%@%m . 18
0.00 0.04 New MG 440 + Fuel Sanp. No. 3 .19 0.00 0.0 40 + Fuel
Sanp. No. 3320 0.00 0. 0798w MG 440 + %él Sanp. Noé %e%éwwﬁm
MG 440 + Fugly, Samp. No. 4n g2 0.00 0.05,¥ew MG 440 + . Nor 23
0.00 0. 06 N§v3v MG 440 + Fug19%Sarrp. No. 40'% 03/ MWG?W?@%@%"%— 29

84 0.93 0.82 Used MG 440 ex PP G
85 0.84 0.92 Used MG 440 ex PP G
86 0.80 0.88 Used MG 440 ex PP G
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 1
95 0.09 0.11 Used MG 440 ex M/V 1
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 origin for the calibration data has a



Soot I ndex Soot Index Sanple (DIN51 452) (UV-Vis) Nunber wt % wt % Sanpl e
Description 24 0.00 0.10 New MG 440 + Fuel Sanp. No. 4 25 0.00 0.00 New M5
440 + FueWoSame76No. 5 25 0.00 0.04 New MG 440 + Fuel SamwpT/use2385526 0.00
0. 06 New MG 440 + Fuel Sanp. No. 5 27 0. %0 0.10 New MG 440 + Fuel Sanp.
No. 5 47 0.00 0.00 New Conp. Gl A+ Fid® No. 6 48 0.00 0.00 New Conp.
Gl A+ Fuel No. 6 49 0.00000 New Conp. G| A + Fuel No. 6 50 0.00 0.00
New Conp. G| A + Fuel No. 51 0.00 0.04 New Conp. Ol A + Fuel No. 7 52
0.00 0.01 Netop@ongar Dm(oms)ﬁmhaNOR valug30f00.83 FigmeNew S@mplesmthﬁoctmm
440 +

Eﬁe: 7m542023 X b0l o DA mepfosknhcersy Eaging puiidsp maauarbiits 1o +
Fuel No. & ;30030 ol GGy PP s'to S rarye. 32 000 000 Now N 440+
Fuel NO. 7 35 0.00 0.05 New M5 440 + Fuel No. 7 36 1.42 1.44 Used MG 430

ex MV A 37 0.11 0.20 Used MG 440 ex MV B 38 0.19 0.29 Used MG 440 ex
MV C 39 0.[0066] 10ItUstrnld/Beddted that So@ Index ovasOnot agtually néasuredhorthe] v D

fuel diluted new oil samples. It was assumed to be zero, which is 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% wt% 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. 1
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
21 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



41 0.10 0.13 Used MG 440 exMVD 42 0.11 0.08 Used MG 440 ex MV D 43 0.13
0.10 Used MG 440 ex MV D 65 0.08 0.07 Used M3 440 ex MV C 66 0.19 0.24
Used MG 4wO0 oaxn4dvbd/ C 67 0.07 0.06 Used MG 440 ex MV C ®8TAISA830515 Used
MG 440 ex MV C 69 0.14 0.20 Used I\/G4429§x MV C 70 0.03 0.02 Used MG
440 ex MV B 71 0.09 0.13 Used MG 440 é£°"MV B 72 0.10 0.15 Used MG 440
ex MV B 74 0.12 0.24 Used MG 440 ex MV C 75 0.11 0.23 Used MG 440 ex
MV C 76 0.11 0.22 Used MG 440 ex MV.B 77 0.34 0.21 Used MG 440 ex MV B
79 0.37 0.26 Used MG 490t tndexy v ESo@dndex39 0. 26 Used MG 440 ex MV E WO

03/ 048763 P&ampk02/ 35@HN51-438) Soot(UMal¥sX Soot | ndex Sanple (DIN51452)
(UV-Vis) NulSumsbent % wt %0w&34pl e Descwi%ti on 8SampRDéchptidpsed MG 440 ex MV
E 82 0.31 0.12 Used MG 440 ex MV E 84 0.16 0.23 Used MG 440 ex PP G 85
0.19 0.25 Ugsed MG 440 ex0.0 G 86 0018 0.24 Neadvid4tiOFed SARpANo8Z 0. 17
0.23 Used Mg5440 ex PP @088 0.19 0028 Used New¥Ie £0 PRuéb 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 M/V 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 M/V 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



Exanple 5 TGA Soot [0068] A chenonetrics nodel was devel oped to estinmate
TGA soot by ASTM D5967. The TGA soot and UV-Visible estimtes are shown in
Tabl e 7, wbaBowg76Lorrel ati on plots of estimated versus nme&Snrusd2/3x85 soot
are shown in Figures 7 and 8. TABLE 7 _Yy-Visible Results TGA Soot TGA
Soot Sanple (D5967) (UV-Vis) Nunber wt % wt % Sanpl e Description 10 0.29 0. 60
New MG 440 + Fuel Sanple No. 1 12 0.10 0.00 New M5 440 + Fuel Sanple No. 2
13020029New|\/[3440+Fe|S No. 2 14 0.37 0.63 New MG 440 + Fuel
Sample No. 2 16 0.10 ¥ Neggqig‘"dr%um Sample No. 3 17 0.22 0.13 New

MG 440 + FuSemgltpl e @HN-‘d 452@ 0. V$l New MG 440 + Fuel Sanple No. 3 19
0.35 0.56 N&Number440 +_EWte Sanpl e_NbL_S 20 Sample Desgriptigny Ms 440+ Fuel

Sanple No. 4 23 0.34 0.47 New MG 440 + Fuel Sanple No. 4 24 0.09 0.00 New
MG 440 + Fudll Sanple No.037 25 0.160(2611 NewUstsl M®440 pxdM/VIanple No. 5 25
0.24 0.28 Ne® MG 440 + FauBdl Sanple Bd2 5 26 WBedBBI®449eDUVNES 440 + Fuel
Sanpl e No. 34WO 03/ 04876@18CT/ US02/ 83355 - 3UsebMG 440 éx BB GJsed MG 430 ex

MN A TGA Sggt TGA Soot .19 0.25 Used MG 440 ex 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 S
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.

TABLE7

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 0.37 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 + Fuel Sample No. 3
18 0.27 0.34 New MG 440 + Fuel Sample No. 3
19 0.35 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. 5
26 033 0.49 New MG 440 + Fuel Sample No. 5



Sampl e (D5967) (UV-Vis) Number wt % wt % Sanpl e Description 37 1.59 1.37 Used
MG 440 ex MV B 38 1.75 1.54 Used MG 440 ex MWN C 96 0.39 0.54 Used MG 440
ex W D W B04669. 59 Used MG 440 ex NW D 98 0.58 0.70 Upea/usR/398 ex MN D
99 0.80 0.90 Used M5 440 ex MWN D 100 O. §g 0.48 Used MG 440 ex MN D 101
0.39 0.45 Used MG 440 ex MV D 102 0.41°0.54 Used MG 440 ex MN D 103 0. 46
0.51 Used MG 440 ex MN D 104 0.28 0.24 Used |\/G440ex|\/ND 40 0.39 0.45
Used MG 440 ex MN D 105 0.38 0.32 Used MG 440 ex MN D 41 0.42 0.46 Used
MG 440 ex M¥D 106 0.3410. 47 Used! M5 440 ex Mssd MG1#30enMy 8. 26 Used MG
440 ex MV D 108 0. T6GASoot UsedT®&B Sepd ex NWD 109 0.13 0.00 Used NG 440
ex NWD 63Sampke 0. 02(E36d) MG 440U¥xViS) V D 110 0.13 0.00 Used MG 440 ex MN
D 111 0. 15Numibkr Used 83440 ex VMt% 64 0. 16 Sample Disseciptifh 440 ex NWD 112
0.08 0.04 Used M5 440 ex MWW D 65 0.08 0.16 Used MG 440 ex MN C 66 0.70

0. 82 Used Mg7440 ex MN1G9 67 0. 05 P3P0 Used MpsddMGa4dk §1/va8 0.24 0. 39

Used M5 4403gx MN C 175 1.54 Used MG 440 ex M/V C
96 0.39 0.54 Used MG 440 ex M/V D
97 0.46 0.59 Used MG 440 ex M/'VD
98 0.58 0.70 Used MG 440 ex M/'VD
99 0.80 0.90 Used MG 440 ex M/VD
100 0.37 0.48 Used MG 440 ex M/VD
101 0.39 0.45 Used MG 440 ex M/V D
102 041 0.54 Used MG 440 ex M/VD
103 0.46 0.51 Used MG 440 ex M/V D
104 0.28 0.24 Used MG 440 ex M/V D
40 0.39 0.45 Used MG 440 ex M/V D
105 0.38 0.32 Used MG 440 ex M/VD
4] 0.42 0.46 Used MG 440 ex M/V D
106 0.34 0.47 Used MG 440 ex M/VD
107 0.30 0.26 Used MG 440 ex M/VD
108 0.14 0.00 Used MG 440 ex M/VD
109 0.13 0.00 Used MG 440 ex M/VD
63 0.16 0.02 Used MG 440 ex M/V D
110 0.13 0.00 Used MG 440 ex M/V D
111 0.15 0.11 Used MG 440 ex M/V D
64 0.16 0.25 Used MG 440 ex M/VD
112 0.08 0.04 Used MG 440 ex M/VD
65 0.08 0.16 Used MG 440 ex M/V C
66 0.70 0.82 Used MG 440 ex M/V C
67 0.05 0.00 Used MG 440 ex M/V C
68 0.24 0.39 Used MG 440 ex M/V C
69 0.42 0.46 Used MG 440 ex M/V C
70 0.02 0.00 Used MG 440 ex M/V B
71 0.27 0.36 Used MG 440 ex M/V B
72 0.35 0.45 Used MG 440 ex M/V B
73 0.39 0.53 Used MG 440 ex M/V B
74 0.85 0.93 Used MG 440 ex M/V C
75 0.81 0.88 Used MG 440 ex M/V C
76 0.82 0.98 Used MG 440 ex M/V B
77 1.35 1.11 Used MG 440 ex M/V B
78 1.56 1.12 Used MG 440 ex M/V B
79 1.54 1.48 Used MG 440 ex M/V E
80 1.31 1.24 Used MG 440 ex M/V E
81 1.52 1.49 Used MG 440 ex M/VE
82 0.33 0.63 Used MG 440 ex M/VE

83 0.71 0.62 Used MG 440 ex M/V F



69 0.42 0.46 Used MG 440 ex MN C 70 0.02 0.00 Used MG 440 ex MN B 71 0. 27
0.36 Used MG 440 ex MNN B 72 0.35 0.45 Used M5 440 ex MN B 73 0.39 0.53
Used MG 40 0ax0487B8 B 74 0.85 0.93 Used MG 440 ex MN C 75PO0TAKOD3BES Used M
440 ex MN C 76 0.82 0.98 Used MG 440 ex g/l}l B 77 1.35 1.11 Used MG 440 ex
MNB 78 1.56 1.12 Used MG 440 ex MN B % 1.54 1.48 Used MG 440 ex MV E
80 1.31 (:;.24 Used MG 440 ex MN E 81 1.52 1.49 Used M5 440 ex MN E 82 0. 33
0.63 Used M5 440 ex MV E 83 0.71 Q,62 Used ex MV F WO 03/048763
PCT/ US02/ 35845 -32 84 ©9%4 0.90 (B&4 MG 440 ﬁ’ﬁe&ﬁ@&ﬁ)@\ﬁg&t TGA Soot
Sanpl e (D5967) (UV- ViEGANeaber WEGAR®tSanpl e Description 85 1.00 1.01 Used
MG 440 ex PBa®ples6 0. BSTWN5 UsefUNEYisN0 ex PP G 87 0.88 0.96 Used MG 440
ex PP G 88Nuniberl. 06 a%d MG 44Qve¥% PP G [ 00ample Beseriptibnt he cal i brati on
data (Figure 7) shows sone scatter through 1.75 w% still aline fit

t hrough thegerigi n has 190! ope near.ol. 0 (0. 969)sedMM®G 440 exRP Gal ue of 0. 92.
TGA soot |egg than 0.5 gMPois conspdsred negl itged MG 43eRRIPPG W th

i nsol ubl es lggvel s greatpeggthan 1 wyegare of mMsded BGQA0Rx PRI ne bui | der

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.



maxi mumlimts for insolubles are generally in the 1.5-to 2.5 wt % range.

[ 0070] Several sanples were not included in the calibration set. Figure 8
is a plowotonass7shcl udes results on all sanples. The nodelpCrakey3zvensonabl e
estimates for the non-calibration or test sanples. None of the test

sanpl es had a neasured TGA soot |evel s 33,5, [0071] The invention may be
enbodi ed in other specific fornms without departing fromthe spirit or
essential characteristics thereof. The present descrip- tion is therefore
to be consi deLAIMS) all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended cl ai ns rather than
by the foregoing description, and all changes which cone within the

nmeani ng and range qf ui yal.ency, of the cl ains. ar.e t.herefore |nt _to
be enbraced therei na' @%@%ﬂﬁééem%f@@%@aﬁ%éﬂ ‘?ﬂfﬂ}ﬁ\@egé}.lﬁﬁ’qﬁg hod
for determ ’1h Q)il%o%xﬂﬁ}iﬁﬁgi on in marine diesel lubricat- ing oils,
conprising: oBtalnhing speciral raw data over a frequency range
substantially equivalent to that of ultraviolet-viable light for reference

| ubricating oil sanples  w th known properties and concentrati oBs of,
| ubricating oi | conPht®imiagi sPectifd Fayy rdaty QYRInAnEeanencye aRgey substaptially

spectral raw data gobtained. jn_ste -0 vel cahi brat] o and
calibrate tHfa% %qtrtgﬁhagc[)gu amgoleﬁ-g{qﬂe{ i%fjﬁ)ésr e?eg?&peaﬁlgﬁg?gﬁg %;ﬁe%% i ng
the |evel OfwﬁH%@anﬁhic)&@iegfanh%ncéxﬂfﬁ{&@(iﬁ’lﬁl?ﬂ@d : 0iF 8bftafihatidn;val ues
determ ned by neans of tonventional analytical nethods; obtaining spectra
of sanples of marine diesel lubricating oil of unknown concentration of

contam nants over a frequency range substantially equivalent to that (gf
of

ul travi ol et-vi abl e pefarmingnehememedt teghniques ke thespectiab aay Hats ghtaine
step (c) and a{%&') g!@pg} h?ﬁgoﬁe%‘f%kﬁ&%%oﬁ%b LR PRl tle shitrdl EE IRAL

data in orddP
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-viable 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.



paranmeters reflecting the |Ievel of contam nants present in the marine
diesel lubricating oil. 2. The nethod of claim1, wherein the reference

| ubri cat iwQ ogioks76xanpl es i ncl ude both new and used | ubri c&Crragowsiossanpl es.
3. The method of claim2, wherein the Igggi_cant oil contam nants include
residual fuel. WD 03/048763 PCT/ US02/ 359 -34 4. The method of claim 3,
wherein the lubricant oil contam nants include insolubles. 5. The nethod
of claim2, wherein the lubricant oil contam nants include insolubles. 6.
The nethod of claimb5, wherein the frequency range of steps (a) and (c) is

250 to 450 nm 7. The h ' i n Hegc ﬁ'ﬂ%n
steps (a) and (c) ?'s ;@-B:&%@%%E%I%EBT&@%%g{gh&bfrgﬁg.%ﬂ?,(}(m{t erei ‘ri:gthe
frequency r (a) and (c) is 250 to 450 nm 9. The nethod of
claim 4, m%ﬁﬁe&%l@gﬁuency range of steps (a) and (c) is 250 to 450

nm 10. The nethod of claim 11, wherein the contam nants include residual
fuel and insolubles. 11. A nmethod for, determ njng residual fuel and
i nsol ubl es  cont ani Hat i'The methed of claine e wheggin the: lubgicant o1l eammants, -
obtai ning spectral r 1data over a frequency range substantially equival ent
to that of WBFPASIASHRIEYi abie 1ight for reference lubricating oil sanmples
with known properties and concentrations of residual fuel and insolubles;
WO 03/ 048763 PCT/ US02/ 35955 -35

- 6. The method of claim 5, wherein the frequency range of steps (a)

and (c) is 250 to 450 nm.

7. The method of claim 2, wherein the frequency range of steps (a)
and (c) is 250 to 450 nm.

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

and (c) is 250 to 450 nm.

9. The method of claim 4, wherein the frequency range of steps (a)
and (c) 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-viable light for reference lubricating oil samples with known

properties and concentrations of residual fuel and insolubles;



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 vawoes/4§763 paraneters reflecting the | evel of resipdwaisot/ssbss and

i nsol ubl es contam nation of the referengg sanpl es, said actual val ues

det erm ned by nmeans of conven- tional anafytical methods; obtaining spectra
of sanples of marine diesel lubricating oil of unknown concentration of
resi dual fuel and insolubles over a frequency range substantially

equi val ent perfoaingtherhomatrioteshniquebite the gpectrad maw tase ebtaingd ithetepehi ned

spectral raw data of step (c) and.appl ying the devel oped calibratiqn nodel
to the procé@deve Htaa‘:@@fé'ls‘éfém? ld'gﬁé{ah‘l% Cithe S %ﬁ%iéﬁé%"@%‘fﬁ@d’ﬁﬂ@s t he

| evel of regj i u { . i j At

vl o e tof Byt NG P pNEP oP A B AN RIVHIE, SbfaRlnation

| ubricatingefithe reRFA&S sdipleddSaidoddtustevalans detemhinetd biyCmiehnd ofi donveny! es.
13. The nmethod of claim 12, wherein the lubricant oil contam nants i nclude
resi dual f udlonalldnaliftieal m¢thods;of cl ai m 13, wherein the |ubricant oil

contam nants include insolubles. 15. The nmethod of claim 12, wherein the
| ubricant oil contam nants include insolubles. 16. The nmethod of claim 15,

wh i th . [ t Q:14
03/ 043763 POPIRIE SHettl" O, HrmleS TR (hring Hfictel) pitvicanfle! Gt 0f, dHRnobd
frequency r apf€ertfatidnCTTelidhal Ardand Indotutledolé AREqiHcyi8ngd Bebdtaithly of

claim 13, wherein the frequency range of steps (a) and (c) is 250 to 450
m. 19. The eqaiviateht dé tledt aif mittavioletronabile light; andequency range of steps (a)

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 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 insolubles.

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.



and (c) is 250 to 450 nm 20. The nethod of claim 11, wherein the

I nsol ubl es i nclude pentane insolubles, toluene insolubles and soot. 21.
The cont awomatougya3 | evel paraneters as determ ned by the nedramkoz/ssosel aim 1.
22. The residual, fuel and the insolubles parameters as determ ned by the
met hod of claim11. -36-

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.



