METHOD FOR DETECTI NG FUEL DI LUTI ON OF MARI NE

LUBRI €ATI NG A LS : ~This invention relates to a rapid anal yti cal
mget hod for detecting and quantifying raw fuel dilution of mari ne

| ubricating oils, particularly in marine diesel engi nes burni ng
residual fuels. 5 In recent years diesel engines have been
progressively replacing steamturbines in marine vessels, mainly as a
result of the inproved econom cs of the mari ne di esel. Marine diesel
engi nes may generally be - classified as slow speed, nedi um speed or

hi gh speed 10 engines with the slow,speed variety being used for ngjor,
deep draft vessels. Slow speed diesel engines are typically direct
coupl ed, direct reversing, engines - operating in the range of 90 to 250
rpmwhich are usually . run on residual fuels. These engi nes use
cross-head 15 construction with a di aphragm and stuffing boxes
separating the power cyli nd#&TEOD rR9R DRBECTEKk FUEEc DILUTION OFr event

conbustion products from enteri nguARene TaBREASPINe oxr@nd Nixing with the
crankcase oil. Medium speed engi nes typically operate in the range of

250 to 1100 rpm and may 20 operate on the four
' This invention relates to a rapid analytical

method for detecting and quantifying raw fuel dilution of
marine lubricating oils, particularly in marine diesel
engines burning residual fuels,

S In recent years diesel enginas have been
progressively replacing steam turbines in marine vessels,
mainly as a result of the improved economics of the
marine diesel. Marine diesal engines may generally be
classified as slow speed, medium speed or high speed

10 engines with the slow speed variety being used for major,
deep draft vessels. Slow speed diesel engines are
typically direct coupléd, direct reversing, engines
operating in the range of 90 to 250 rpm which are usually
run on residual fuels. These engines use cross-head

15 construction with a diaphragm and stuffing boxes

 separating the power cylinders from the crank case 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'

20 operaéé on the four



2 stroke or two stroke cycle. These engi nes operate wel | on
I ntersmedi ate fuel oil (180 cSt at [err]) as conpared to the heavier
marine fuel oil (Bunker Q) which is satisfactory for slow speed
engines. Hgh 5 speed diesel engines conparable to autonotive

di esel engines are normally enployed in deep draft vessels only for
special, ancillary applications and these engi nes require high
quality distillate fuel oil for satisfactory operation

al t hough 10 - recent devel opnents in engine design have indicated

that efficient operation on heavy fuels is f easi bl e.

Wth | ow speed marine engi nes, the cylinders and crank case are
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crankcase through pard othesed eggaprfs gagire high quality distillate
fuel oil for satisfactory operation although
10 recent developments in engine design have indicated
that efficient operation on heavy fuels |is

feasible. '
With low speed marine engines, the cylinders
and crank case are lubricated separately, with
15 cylinder lubrication being provided on a once-
through basis by means of injection devices which
apply cylinder oil to lubricators positioned around
the cylinder liner. The crankcase oil provides
lubrication for the bearings, gearing, valve gear
20 and other ancillary engine components and ' is
typically an additive type oil selected for good
oxidation and thermal stability, water
demulsability, corrosion protection and good
antifoam performance. Alkaline additives may also
25 be present to neutralize any strong acids entering
' the crankcase through piston' rod glands and
detergency and extreme pressure (EP) performancé
may also be provided by the use of suitable
additives. Similar performance characteristics are
30 appropriate for the crankcase oils in residual
burning, medium speed engines in which the
crankcase oil may also be used, in certain types,
for -splash cylinder lubrication. Other types of
medium speed engines may have separate forced feed

35 cylinder lubrication.



detergency and extreme pressure (EP) perfornmance may al so be
provirded by the use of suitable additives. Simlar perfornmance
characteristics are 30 appropriate for the crankcase oils in residual
burning, nmedium speed engines in which the crankcase oil may
al so be used, in certain types, for splash cylinder |ubrication.

O her types of medi um speed engi nes nay have separate forced feed 35
cylinder lubrication. I nterm ngling of the
crankcase oil and cylinder oil is generally unavoidable, particularly
in view of the relatively [arge anounts ofy crankcase oil which may
pass through the piston rod 5 packing gland in |large engines. The
conmi ngl ed oi | i s Deremahdglinget Wwhedheo tclrenkcaskcasil evad t hough

it may be contam naled; Midhoey!isNgeheR1l1ydhdViAE81e, partdBdLOE N DY gases.
The potential for contanlnatlgn e ”ﬁﬁ?%-;t necessary, hq¥ew%%, to
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interval s to ensurecraskcasgt Pi} atichymRyRaiseathgeygh the pighanixedks are
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marine diesel engingg %fer%'ﬁwpgtﬁneaoqnuau WatRcase HRAUERSuGD raw fuel

dilution of the lubric , ) . ) o
it may be comtaminated with cylinder oil drainings

and blow-by gases. The potential for contamination

makes it necessary, however, to monitor the

10 condition of the crankcase o0il at frequent

intervals to ensure that satisfactory lubricating
qualities are maintained. '

Two specific problems frequently arising in

marine diesel engines are blow-by of combustion

15 products and raw fuel dilution of the lubricating

oil. To a certain extent, blow-by is inevitable

since some leakage around the piston rings takes

place, especially in the larger engine sizes. Fuel

dilution may occur when seals in engine ancillaries

20 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

components. Normally, a certain degree of fuel

25 dilution is considered acceptable and in most cases

up to about 5% dilution can be tolerated. Frequent

monitoring of the engine oil is, however, required

to maintain fuel dilution within acceptable levels.

Another probiem arising in the lubrication of

30 marine diesel engines is sludge formation. The"

formation of sludge is obviously undesirable and it

is very important to determine the cause of the

sludge formation in order to prevent damage to the

engine. This is particularly so with expensive

35 marine engines. Sludge may be formed by fuel
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Finding the cause of the sludge formation is,
however, difficult since the current practice is
limited to elemental analysis and this is incapable
of determining whether the cause of the sludge
formation is related to fuel dilution.

So far, no conventional method for detecting
fuel dilution of lubricating oils has been
considered satisfactory. Viscosity measurements
are unreliable. Chemical analysis of the vanadium
content of the oil may also be misleading because
it is incapable of distinguishing between vanadium
derived from fuel dilution and vanadium which may
have entered the lubricating oil as a result of
blow-by. Although methods designed to separate
fuel vanadium from combusted vanadium by extraction
have been considered, they are time consuming and
yield uncertain results. A need for a rapid
analytical method for reliably detectinq raw fuel
dilution in marine . lubricating oil therefore
persists.

We have now discovered that fuel dilution in

marine lubricating oil may be rapidly and reliably

detected by the use of electron spin resonance
(ESR) spectroscopic techniques. ESR is capable of
detecting < 1 ppm of vanadium, present as the
result of fuel dilution in marine oils and is a
rapid, reliable technique. The technique takes

up to about
4 nonitoring of the engine oi
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probably the polar, highly aromatic fraction of the fuel oil called

asphattenes. This fraction should be only partly soluble in the

| ubricating oil. Fi nding the cause of .the sludge formation is, 10
however, difficult since the current practice is limted to

el emental analysis and this is incapable of determ ni ng whet her the
cause of the sludge formation is related to fuel dilution.

So far, no conventional method for detecting 15 fuel dilution of
lubricating oils has been consi cﬁar ed satisfactory. Viscosity
measur enent s nre e anal SIS of .t he va adi um
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According to the present invention we
therefore provide a method of detecting and
quantifying raw fuel dilution of marine diesel
15 lubrication oils by measuring the electron spin
resonance (ESR) spectrum of the o0il to determine
the presence of fuel contaminants in the o0il in a
form which is ESR active. The preferred technique
utilizes the presence of paramagnetic vanadium in
20 the 1lubricating oil to monitor possible fuel
contamination but as an alternative, the organic
free radical ESR signal may'be used, at least for
a qualitative determination of fuel contamination.
The percentage of fuel dilution can be quantified
25 by the paramagnetic vanadium content'of the oil
when the vanadium content of the fuel is known
either by ESR nmeasurements or by elemental
analysis, provided that this was the only fuel used
since the last analysis of the oil. The presence
30 of paramagnetic vanadium - related to dilution of
the lubricating oil by raw fuel - can be determined
either from the oil itself or from samples of any
sludge which may be present in the oil with a
positive response to the analysis implying dilution

35 of the lubricating oil by the raw fuel.



advantage of the fact that the heavy residual fuels used in marine
vessel s generally contain at | east 50 ppm of vanadi um which is
present in the fuel in a paramagnetic form believed to be
vanadyl 5 por phyrins, which can be detected and quantified by ESR
Conmbust ed vanadi um however, is in the form of vanadi um pentoxide
but this conmpound is di amagneti ¢ and exhibits no ESR spectrum
Thus, ESR is capable of detecting and quantifying 10

vanadi um whi ch results exclusively fromraw fuel dilution of the

| ubricating oil. According to éthe present I nvention we
therefore provide a nethod of detecting and quanti fying raw fuel
dilution of marine di eselInl¥he argPRRAFYLNDEATAYINISy FAENERS ny t2e el ectron
spin resonancezg ESR)d spectaaem GERt hepeskkat cofletfareri neil and t he
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cont am nati on. he per gent

a yant Ified 25
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the analysis inplyingegilidieOntmdd exacel chiife | 4Br tat bR QY dW drhe raw
fuel .
sludge. The present method is capable of making a

15 determination whether any sludge in the engine is
of fuel origin or whether other causes should be
sought. The ESR spectroscopic method is unique in
its ability to detect and quantify as little as 1
ppm or less of vanadium (as vanadyl) in either the

20 lubricant or sludge samples separated from the
lubricant. If vanadyl is detected in either,
dilution of the oil by raw fuel is implicated.

In accordance with the present invention, a
sample of a lubricating oil or oil sludge removed

25 from a marine diesel engine is subjected to ESR
analysis to determine the presence of vanadium in a
paramagnetic form. The lubricating oil may be a
marine -diesel c?ankcase oil or cylinder oil,
depending upon the analytical needs of the engine.

30 The o0il or sludge may be sampled and subjected to

- ESR analysis in accordance with conventional
techniques in which a small sample of the oil or
the sludge is positioned in the sample cavity of an
ESR spectrometer, for example, in a quartz sample

35 tube. The ESR spectrum is then obtained in the
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available as a spectrograph output which plots
absorbance as a function of the magnetic field,
usually recorded as the first. derivative of the
absorption to provide for greater resolution of
broad lines.

In the present analytical technique, the
determination of fuel vanadium may suitably be made
at ambient temperature using conventional ESR

bj ected to

spectroscopic equipment, for example, egquipment

- operating in the L-band (1.0 - 1.2 GHz), S-band (4

GHz), X-band (9.1 - 10.0 GHz) or Q-band (33.5 -
34.6 GHz), with the field being appropriate in each
case to the resonating frequency. Good results
have been obtained by operating at ambient
temperature with a center field strength of
'apprcximately 3.5 kG with a 500 - 1500 G scan
range, operating at a frequency of 9.73 gHz (X-
band) with the modulator operating at 100 kHz using
a field modulation intensity of 2.0 Gpp. The
present analytical technique is describéed below
with particular reference to the use of the X-band
but is generally applicable to'operation at other
ESR frequencies with suitable adjustment of other
operating parameters.

The X-band ESR spectrum of raw fuel in marine
lubricating oil is essentially identical to that of
residual fuel. The ESR signals for vanadium in



paramagnetic form The lubricating oil may be a mari ne di esel

cranktase oil or cylinder oil, dependi ng upon the anal ytical needs
of, the engine. 30 The oil or sludge may be sanpl ed and subjected to
ESR anal ysis in accordance with conventi onal techniques in which a
smal | sanple of the oil or the sludge is positioned in the sanple
cavity-of an ESR spectroneter, for exanple, in a quartz sanple 35
t ube. The ESR spectrumis then obtained in the

normal way by the application of m crowave power to the sanple in
t he presence of a magnetic field. rmal ly the magnetic field is:

varied by means of @etroleum %h@la%eéﬂ)%éﬁéﬁled"@héelabwg q by Eeauency  of
the 5 ni cr onave ener 3 HPI alnégﬂgoqgtant i'n_order t.o det ect
the resonances of tH&™ ga%/ﬂfi 133 4d@6? UmYF*InRP any
conveni ent form ac&oPahdg ESR spectremetarype asf dyoi psens, ot 8 s

cgnvegt i onal |y f anigyetdpi pedles 2 IREES raelﬁ(rjétﬂ%hrplihptﬂe \H@b@hr@x{x ot Sdlg
absor bance as uncgti e | recorded as
the first derl\éjat i v%tfogmflﬁ;lcsq rg@l@&%& fy llg'n FHYodr de%reglg éf"é%t er

resol ution of ang, GR@nFifelng the ESR actiyg tvaeagiwwehn &weld ytical

techni que, the 15 dideted mmaain®nlobricadingansidi uRaymyes Waddrbl by be nmade

at anbi ent tenperat yelstsidy EPEYCPRé OBALeFIR to the top of the
positive No. 4 vanadium peak. This peak is the
10 most intense vanadium peak and is generally free of
interferences from other peaks in used lubricating
oil. However, other peaks or combinations of peaks
may also be used, for example, Saraceno (Anal.
Chem. 33, 500 (1961); 34, 694 (1962); U.S. Patent
15 No. 3,087,888) used the sum of the positive No. 4
and the negative No. ql_peaks while Rudnick (U.S.
Patent no. 4,777,140) use the sum of the No. 6
anisotropic and No. 5 isotropic peaks to measure
vanadium content in refinery streams. When another
20 microwave frequency is used,_for'example Q-band,
the vanadium spectrum may be sufficiently different

to require monitoring other peaks.
In actual used marine lubricating oils, the
'No. 4 vanadium peak resulting from fuel dilution
25 does occasionally have interferences in the X-band
ESR spectrum. Troublesome paramagnetic
contaminants include ifon, copper and insolubles.
Iron contaminants exhibit a very broad peak in the
ESR spectrum but generally only cause a baseline
30 shift which is a minor problem. Copper
contaminants have ESR signals very close to several
vanadium peaks including the No. 4 peak. This
interference is particularly troublesome when the
vanadium concentration resulting from fuel dilution
35 is <3 ppm. The organic free radical signal is



spectroscopi c equipnment, for exanple, equipnent operating in the

L-bantd (1.0 - 1.2 GHz), S-band (4 Giz), X-band (9.1 - 10.0 GHz) or
Q,band (33.5 - 20 34.6 GHz), with the field being appropriate in each
case to the resonating frequency. Good results have been obtai ned
by operating at anbient terrperature with a center field
strength of approximately 3.5 kGwth a 500 - 1500 G scan 25

range, operating at a frequency of 9.73 gHz (X- band) with the
nodul at or operating at 100 kHz using a field nodulation intensity of
2.0 Gop. The present anal ytical technique is described bel ow
with particular reference to the use of th@ X-band 30 but is generally

applicable to operatlona ESR frequencies with suifable
adj ust nent of ot her Eo'%ﬂs; Pmadeﬁae?a %%, TRSRELELe! pr°$‘ﬁké)5( band ESR

spectrum of raw fuel SPREne#ich&n °"erlaP UbShc she rigareidiup Naas depedkd | y
identical to that of 185 spited esfduaksé uslariodbe ImPRrEbgddes,l ofuamnadi umin

8 ' petroleum n%sdggfn%,g@anmq 28911kl 6tk sk ufiicp 1 TN

and T. F. Yen, Fuel, 969
spectroneter, a& t wo £E8Es OFf tyem L thej & B‘E?%’d-}“b PRgeRtraREe @ shown in
t-he spectrum 5 ostallype opdantébiefual fuel in Figure 1. Detecting

and quantifying the ESR agfié Wasianashnighién fuigl present technique is

founded is our discovery that the vanadium which is

present in marine diesel fuels, typically heavy

10 residual fuels, is vanadium which may be observed

by electron spin resonance. This form of vanadium,

which therefore contains an unpaired electron, is

believed to be present in the form of vanadyl

porphyrins or vanadyl bonded to porphyrin-like

15 ligands, originating in the high boiling or non-

distillable fractions of the original crude oil.

By contrast, the vanadium which is present in the

combustion products of the fuel (referred to here

as "combusted vanadium") is in the form of vanadium

20 pentoxide which has only paired electrons and is

therefore not observable by ESR. The use‘ of ESR is

therefore capable of differentiating between

vanadium which is present in the lubricating oil as

a result of fuel dilution and vanadium which may

25 result from the normal blow-by in the engine. If

the present analytical technique is combined with a

conventional chemical analysis for total vanadium,

the relative contributions of fuel dilution and

blow-by to the total vanadium content may be

30 determined. In addition, the percentage of fuel

dilution may be calculated if the vanadium content

of the fuel is known and has not changed

significantly since the last time the oil was
analyzed.



diluted nmarine lubricating oil may be made by measuring fromthe
baselsine to the top of the positive No. 4 vanadi um peak.

|s the 10 nost

intense vanadi um peak and is generally free of

Thi s peak

i nterferences from ot her peaks in used |ubricating oi | . However,
ot her peaks or conbinations of peaks may al so be used, for
Saraceno (Anal .

No. 3,087,888) used the sumof the positive No. 4

Chem 33, 500 (1961): 34, 694 (1962): U.S.

exanpl e,
Patent 15

and the negative

No. [err] peaks while Rudnick (U.S. Pat ent no. 4,777,140) use the
ani sotropic and No. 5 isotropic peaks to neasure

sum of the No. 6

vanadi um cont ent

frequency is used,

in refinery streans. Wheni@not her 20 m cr onwave
‘t he vanadi um spectrum may be

for exanple Q band,

sufficiently different  Figure g rehpyisr @ rRYRirati AR ospestpmiaf a
In actual used maringakuRé isiviynguel | @estibeal) suitabibe fbrvasadiym peak
dhLHt §§9?25marxng0%§e%§f asi -HPea'rch}’stha;\A‘%ehQL e%é{ﬂ ences

cont am nants |nclude(9r6n 0PoFiSeSahion @EPégnce of °r9PP6ﬁ Eﬁﬁﬁemn nant s

resul ting fronlfuel

t he X-band

exhibit a very Saroadrpeakalsl tire the

fuleSR spict r uesisti tgenstadhy only

cause a baseline 30 spssBbddce WH ehe ESR ogiBhNOra1 PIoWeRpeaks in COPPET
contam nants have ESR sigl C%ﬁP@ S qSF to ,severa anad] um peaks

including the No. 4 Eﬁk

& fSeEreRte ped péFPFEﬁ?%ﬁI y

t roubl esonme when thevanadlumvmm umBYorreahrastt otymigsdl nevwgmbrom f uel

dilution 35

10

15

20

25

30

35

IS <FuppPitaticH@i0s 0SHUWC nbr €4hdAdinCpbaied 3l ohSy a

weak, if any, free radical peak riear g=2.003 due to
additives.

When the lubricating oil becomes diluted with
fuel, the vanadium from the fuel can be readily
detected by ESR as it exhibits its characteristic
absorption peaks. By contrast, the penﬁavaleﬂt
vanadium arising from the presence of fuel
combustion products in the lubricating oil is not
ESR active and is not observed. Quantitatively,
the percentage of fuel in the lubricating oil can
be determined by measuring the intensities of the
vanadium peaks which can then be referred to a
calibration function generated by making initial
measurements of the peak intensities of reference
samples. A number of references are available but
the preferred reference is vanadyl etioporphyrin,
one of the predcminaht vanadium compounds believed
to be in petroleum, dissolved in a new marine
lubricating oil with its vanadium concentration
determined by elemental analysis. '

In principle, the organic free radical signal
of the fuel could also be used to monitor fuel
dilution of marine lubrication oils. However in
practice, it serves only as a secondary indicator.
The problem is that this signal overlaps with the
free radical signal from certain oil additives and



9 occasional |l y broadened due to insol ubles, probably soot

and can overlap with the vanadi um No. 4 peak. In spite of these
various interferences, fuel vanadi um general ly has at | east one peak
which is 5 free of them so the vanadi um concentration can

still be quantified. The basi s upon which the present technique
S founded is our discovery that the vanadiumwhich is

present in marine diesel fuels, typically heavy 10 residual fuels, is
vanadi um whi ch may be observed by el ectron spin resonance. This form
of vanadi um whi ch therefore contaipns an unpaired electron, is
believed to be present in the form of vanadyl por phyrins or vanadyl

bonded to  por PhyT ¢! e olrasp sk8ABHEnier bELPBb0G 14 hEn ah ol 110

or non- dlstlllablefractelos]E By
contrast, the vanadi BRtWhi FFN §ePFEeAPYFRST HaC udfng 6’5&56%1‘?'&)r9fproducts
of the fuel (referre@heookkbrand soot cggtaminanist edAsanadeswlt), itheé n the

form of vanadi um 20 org@eid Oxfre WraghchRns Qﬂjrbélpallhedugé&c'fzﬁ%@nd i's
therefore not aqpser ViQLPxé’é/u%ﬁR oll€ ofha§§R gntr:.butlonl\s erte%‘cﬁnr e capabl e

of differentiating betwe vanadi.um Whi ¢ present in e

| ubricating oil as se"‘“a]a rESgFes f“ﬁ}é‘ld’-ﬂ?l u?‘ieb‘n afigd vERaditHalnhi ch may
25 result fromthkentoibatiiobl canrpr ba tdidabhgiquantifidd. A veryt he
present anal ytical teghohgie drat8bi ARl WirkbBi8a1 sig naEO”i’x‘?”tdé%"‘

chem cal anal ysis fo& got alt vanad| g the rel at,. ve contr tions of
fuel dilution and UbT G %R iy Ot b° t HiPSSst aP°V%1Yf%Fd| utPiesR erfiPeay be 30

determned. 1% addprpbable mepemﬁemfage‘votueflueh the oil.di | uti on may be
cal cul ated if the vanadi urg cemd emtalysis isOfto tHee card@bd bet kROwW and

has ot changed  gopp) SIHNL 1L ARI! YeriviaCeLhE £33 ehd TRllE, 301! Vas
_ may be necessary to dissolve the sludge in a
solvent such as toluene. if the sludge 1is too
15 viscous for easy handling or for obtaining the ESR
spectrum. For quantitative determinations with
sludge samples, the sludge may be weighed out and
dissolved in the solvent . following which the
paramagnetic vanadium content determined from the
20 dissolved sample and compared to a suitable
reference such as vanadium etioporphyrin dissolved

in the same solvent as the sludge sample.
Sludge méy, of course, form as a result'of oil
oxidation or from other causes such as combusted
25 fuel contamination but these other factors are
unlikely to imply the presence of ESR active
vanadium. Combustion products may contain V205
which, as noted above, is inactive to ESR. In this
case, elemental analysis is important,
30 particularly when compared to the ESR analysis.
Since oxidation of the oil may also result in the
formation of sludges there is a possibility that
vanadyl in the oil arising from fuel contamination
could be oxidized under normal operating conditions
35 to an ESR inactive form. This, however, is



10 | Figure 1 shows a typical ESR spectrum of a mari ne

heavy fuel (residual) suitable for use in a sl ow speed marine diesel
The nost intense peak (g=2.003) rises fromthe presence of organic
free 5 radicals in the fuel which exhibits strong absor bance
in the ESR region. Al other peaks in the spectrumare the

ani sotropic and isotropic vanadi um peaks. By contrast, typical new
mari ne | ubrication oils show no vanadi um peaks and only a 10 weak,
if any, free radical peak near g=2.003 due to additives.

When the lubricating oil becones diluted Wwth fuel, the vanadi um
fromthe fuel can be readily detected by ESR as_it exhibits its

characteristic 15 SngdEL¥ FHRCHAKES KngyncEhat fetrolepd mRsicsRal ent
vanadi um ari si ng fr oran hiee phestenteirofajmeto at leasmbldgionwimtedtcts in the

bjubrltc?tltng IOII s r%fectmg EﬁBt a&ﬂam ?Bﬁféﬁtfbﬁ.}@ﬂ?sﬁﬁi‘@ﬁetrmore, -
antitatively, ercentage ue e luhbrica can

be determ ned by neaEQﬁ %&;hl ntgngﬁ G & egnggy?hén san p 4% 8peaks

whi ch can thenSbe remir#nﬁjQkisa1nd1°atQ§ath#a?heﬁlewmﬂ|QﬁP§?§neP§ted by
making initial suBAShgNEider fbrridlcepfitie bpérisind esnditigkiser ence
sanpl es. A number of ref %@neﬁfwﬁg&m&a@sems&éu chb%PIRhgr T ed

reference i s vanadyl etioporp ,

invention ‘and demonstrate that the wvanadyl

concentration in new and used marine lubricating
10 oils may be rapidly quantified by the use of ESR

analysis. -

Example 1

A residual fuel containing 380 ppm V was added

to a fresh marine diesel lubricating oil (Mobilgard

15 424, trademark) in weight percentages of 0.5%, 1%,

3%, and 5%, corresponding to vanadium contents of

1.9 ppm, 3.8 ppm, 11 ppm and 19 ppm in the

lubricating oil. The intensities of the positive

number 4 vanadium peak in the ESR spectra (data

20 acquisition time for each sample, 50 sec) are

plotted in Figure 2A and show that the intensities

of the ESR peaks are directly proportional to the
vanadium content. ' '

Example 2

25 A residual fuel containing 380 ppm V was added
to a used marlne .diesel lubricating oil (Mobilgard
300, trademark, low Vv, 1low Fe) in weight
percentages of 0.5%, 1.0%, 3.0% and 5.0%. The
intensities of the positive number 4 vanadium peak

30 in the ESR spectra (data acquisition for each
sample, 50 sec.) are plotted in Figure 2B. The
data show a linear relationship between the peak



one of the predom nant vanadi um conpounds beli eved to be in
petroleum dissolved in a new nmarine | ubricating oil withits

vanadi um concentrati on determ ned by elenmental analysis. 30

In principle, the organic free radical signal of the fuel could al so
be used to nonitor fuel: dilution of marine lubrication oils.

However in practice, it serves only as a secondary indicator.

The problemis that this signal overlaps with the 35 free radical

signal fromcertain oil additives and it can overlap
with organic free radicals which can 13 arise from several sources

i ncl udi ng oxi dati on of ... the qi.l and,soot contamnants. As a result,

t he- organic *7&ﬁ?51féafc%ﬁd(gﬁegﬁgfl Y?Paéiﬂﬂjc°ﬁﬁfpﬁera5?1ng >

| ubrication oils nésem Rake 1 @M Vbutions from several sources

i ncluding fuel, so the fuel contribution cannot be reliably
quantified. A very . i gtense organic free radical signal in used

| ubrication oils doe%%m%%ﬁkée[ indicate the 10 probabl e presence of raw
fuel in the oil. A resiqual,fush Qopspining 3§0HRPR ¥ MRERKEE on a
sanpl e of a sl Bdge resmessellr parineodiedel duprieating oil (Molmklgalbd necessary

to dissolve the sludgg itRaBemark, 1090} VEBL BUCARAGe iQWBRECddtadqle Sl udge is
too | of 0.5%, 1.0%, 3.0% and 5.0%. The intensities of
the positive number 4 vanadium peak in the ESR
spectra (data acquisition time 50 sec) are plotted
10 in Figure 2C. The data are reasonably linear from -
0 to 19 ppm of fuel vanadium.



15 vi scous for easy handling or for obtaining the ESR spectrum
For gquantitative determnations wth sl udge sanpl es, the sludge may
be wei ghed out and " dissolved in the solvent follow ng which the

par amagnet i ¢ vanadi um content determ ned fromthe 20 di ssol ved sanple
and conpared to a suitable reference such as vanadi um

eti oporphyrin dissol ved in the sanme solvent as the sludge sanple.

Sl udge nmay, of course, formas a result of oil oxi dation or from

ot her causes such -as conbusted 25 fuel contam nation but these other
factors are - unlikely to inply the presence of ESR active

vanadi um  Conbustion products may cont ai n 24205 whi ch, as noted
above, is inactive to ESR In this case, el enental anal ysis is
inmportant, 30 °~ particularly when conpared to the ESR anal ysi s.

Since oxidation of the oil may also result in the formati on of
sludges there is a possibility that vanadyl in the oil arising from
fuel contam nation coul d be oxidized under nornal operating
conditions 35 to an ESR inactive form This, however, is

12 unlikely since it is known that petrol eumresidua can be
heated in air to at least [err] w thout af fecting the vanadyl
concentration; furthernore, - the ability to detect vanadyl in sanples
of used

We claim:

1. A method for detecting fuel dilution in
marine diesel 1lubricating oils which comprises
subjecting a sample of a used marine diesel
lubricating oil to ESR analysis and determining the
presence of vanadium by reference to an ESR
absorption peak which is observed in the ESR
spectrum.

2. A method according to claim 1 in which
the presence of vanadium is determined from a
vanadium ESR absorption peak in the ESR spectrum.

3. A method according to claim 3 in which
the presence of vanadium is determined from the
positive number 4 vanadium peak in the ESR
spectrum.

4. A method according to claim 1 in which
the data acquisition time is not more than 60 sec.

5. A method of differentiating between
vanadium present in a sample of a marine diesel

H!Illlj IR D PR
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the fuel dilution.

6. A method according to claim 5 in which
the paramagnetic vanadium is present as vanadyl
porphyrins.

7. A method according to claim 5 in which
the presence of vanadium is determined from a
vanadium ESR absorption peak in the ESR spectrum.

8. A method according to claim 7 in which
the ESR spectrum is determined at the positive
number 4 vanadium peak.

9. A method according to claim 8 in which
the ESR spectrum is determined in the X-band at the
positive number 4 vanadium peak.

0. A method'according to claim 5 in which
the data acquisition time is not more than 60 sec.

11. A method of making a quantitative
determination of the amount of vanadium resulting
from fuel dilution in a sample of a used marine
diesel lubricating oil, which comprises:

measuring the intensity of at 1least one
selected ESR absofption peak in the ESR spectrum of
reference samples of a lubricating oil having known
vanadium contents,

* [+ L L]

s x



13 intensities and the fuel vanadi um content ranging
Exanple 3 A residual fuel containing 380

to a used nmarine diesel lubricating oil (Mbilgard

to 19 ppm V.

ppm V was added 5
24, trademark, lowV,
3.0% and 5.0% The i

peak in the
10 in Fi
ppm of fuel

ESR
gure 2C.
vanadi um

| ow Fe) in weight percentages of 0.5%

fromO

1. 0%

ntensities of the positive nunber 4 vanadi um
spectra (data acquisition time 50 sec) are plotted
The data are reasonably linear from 0 to 19

14

16

preparing a calibration relating the vanadium
contents of the reference samples as a function of
the intensity of the selected spectral peak for
each reference sample,

measuring the intensity of the selected
spectra; peak of the ESR absorbence of a sample of
the used marine diesel lubricating oil having an
unknown vanadium content and

determining the vanadium content of the

sample of the used o0il from the calibration
function.

12. A method according to claim 11 in which
the presence of vanadium is determined from a
vanadium ESR absorption peak in the ESR spectrum.’

13. A method according to claim 11 in which
the selected peak is the number 4 vanadium peak in
the ESR spectrum.

14. A method according to claim 13 in which
the ESR spectrum is determined in the X-band at the
positive number 4 vanadium peak.

15. A method according to claim 11 in which
the vanadium content determined by the ESR is
combared with the total vanadium content determined
by chemical analysis.

O



W claim - 1. A nethod for detecting fuel dilution in marine diese
| ubricating oils which conprises subjecting a sanple of a used nari ne
di esel lubricating oil to ESR anal ysis and determ ning the presence of
vanadi um by reference to an ESR absorption peak which is observed in the

ESR spectrum 2. A met hod according to claim1 in which the
presence of vanadiumis determined froma vanadi um ESR absorption peak in
t he ESR spectrum 3. A method acd#tding to claim3 in which the
presence of vanadiumis determ ned fromthe positive nunber 4 vanadi um peak
in the ESR spectrum 4. A met hod according to claim1 in which the
data acquisition tine is not nore than 60 sec. 5. A net hod of
differentiating between '
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vanadi um present in a sanple of a marine diesel
15 Jlwbricating oil arising fromfuel dilution and fromthe presence of

di esel fuel combustion products in the lubricating oil, which conprises
measuring the ESR spectrum.of a sanple of the |ubricating oi

representative of the presence of paramagnetic vanadiumin the oil, to
provide an indication of the fuel dilution. 6. A nmethod according
to claim5 in which the paranmagnetic vanadiumis present as vanadyl

por phyri ns. 7. A nmet hod according to claim5 in which the presence
of vanadiumis determ ned froma vanadi um ESR absorption peak in the ESR
spectrum 8. A nethod according 40 claim7 in which the ESR

spectrumis determ ned at the positive nUnber 4 vanadi um peak.

INTENSITY OF V ESR PEAK, ARBITRARY UNITS

FUEL (V=380ppm) ADDED, WT. %

FIG. 2A



9. A met hod according to claim8 in which the ESR spectrumis determ ned
in the X-band at the positive nunber 4 vanadi um peak. 10. A net hod
agcording to claim5 in which the data acquisition tinme is not nore than 60
sec. 11. A method of nmaking -a quantitative determ nation of

t he amount of vanadiumresulting fromfuel dilution in a sanple of a used
mari ne diesel lubricating oil, which conprises: nmeasuring the intensity
of at |east one selected ESR absorption peak in the ESR spectrum of
reference sanples of a Iubricating(ﬂiﬁpaving known vanadi um contents
preparing a calibration relating the *¥anadi umcontents of the reference
sanples as a function of the intensity of the selected spectral peak for
each reference sanpl e, measuring the intensity of the selected
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spectral peak of the ESR absorbence of a sanple of the used marine diesel
| ubri cati,ng oil haying an unknown vanadi um content and
determ ning the vanadi um content of the sanple of the used oil fromthe

calibration function. 12. A nethod according to claim 11 in which
t he presence of vanadiumis determ ned froma vanadi um ESR absorpti on peak
in the ESR spectrum' 13. A nethod according to claim11 in which

the sel ected peak is the nunmber 4 vanadi um peak in the ESR spectrum

14. A nethod according to claim 13 in which the ESR spectrumis determ ned
in the X-band at the positive nunber 4 vanadi um peak. - 15. A net hod
according to claim 1l in which the vangdi um content determ ned by the ESR
is conpared with the total vanadi um #ent deternined by chenica

~anal ysi s. -
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