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Description

FIELD OF THE INVENTION

[0001] This invention is broadly concerned with moni-
toring the condition of used lubricants. More specifically,
the present invention relates to an analytical method for
determining total base number (TBN) of a lubricant based
on the measurement of at least one key element in the oil.

BACKGROUND OF THE INVENTION

[0002] Chemical and physical analysis of lubricants is
often used to provide information about the condition of
the lubricant as well as the wear status of equipment in
which the lubricant is used. Most often a lubricant sample
is taken from the equipment in which it is used and is
sent to the laboratory for analysis, where several analyt-
ical tests are performed to determine a number of chem-
ical properties. Among the key analyses performed on
engine oils are those for TBN and wear debris elements.
Sending lubricant samples to a laboratory for analysis,
however, does not provide the equipment operator any
immediate information about the condition of the lubri-
cant. This lapse in time can be critical to the operation of
the equipment.
[0003] To help minimize the time required to obtained
analytical results, various on-site or on-line devices have
been proposed to monitor the condition of the lubricant
as well as the wear status of the equipment being lubri-
cated. Many of these devices include multiple analyzers.
In this regard see, for example, US 5,982847; US
6,561,010 B2; US 5,987,976; US 2004/0123644 A1; US
5,537,336; US 6,779,505 B2; and PCT WO 01/36966 A2.
[0004] In US 5,537,336 there is disclosed an oil test
assembly that includes an infrared spectrometer (IR) and
an emission spectrometer for measuring wear debris el-
ements. TBN is one of the lube oil properties measured
by IR.
[0005] Similarly, US 6,561,010 B2 and PCT WO
01/36966 A2 disclose an apparatus for analyzing a ma-
chine fluid that also employs multiple sensors. In this in-
stance at least one of the sensors is a viscosity sensor.
Wear debris elements are measured by x-ray fluores-
cence (XRF) spectroscopy. TBN may be inferred by IR.
[0006] US 6,779,505 B2 uses a similar method for con-
trolling lube oil feed rates in certain diesel engine appli-
cations, where wear debris is measured by XRF and TBN
is measured by IR.
[0007] US 5,982,847 discloses a method for measur-
ing wear metal in lubrication oils by XRF. Measurement
of TBN is not taught.
[0008] US 2004/0123644 A1 discloses a method for
measuring volatile components in an oil.
[0009] US 2003/0164451 discloses a method for spec-
troscopically measuring the sulfate content of a lubricat-
ing oil, and correlating this content of the oil’s TBN.

SUMMARY OF THE INVENTION

[0010] The present invention comprises determining a
used lubricating oil’s TBN by measuring with a single
device the amount of at least sulfur in the lubricating oil
and correlating the measured amount to its TBN.
[0011] A spectroscopic method is used to measure
both the amount of sulfur, and at least one other element
in a used oil, where the other element is selected from
one which was present in the oil when unused (new oil).
The measured amount of the other element is used as
an internal reference.

BRIEF DESCRIPTION OF THE DRAWING

[0012] Figures 1 and 2 are plots of TBN versus sulfur
for various scrapedown (used) cylinder oil samples.
[0013] Figures 3 and 4 are plots of TBN versus the
ratio of sulfur to calcium for various scrapedown cylinder
oil samples.

DETAILED DESCRIPTION OF THE INVENTION

[0014] By way of overview, the present invention sim-
plifies the determination of the TBN of a used lubricating
oil when the amount of at least sulfur in the oil is being
analyzed. Heretofore, TBN, sulfur and other elements
had to be measured by separate analyzers or sensors.
This invention simplifies the measurement to a single an-
alyzer or sensor. Indeed, the present invention is suitable
for use in the laboratory and importantly in the field and
is readily adaptable for use on-line.
[0015] Specifically, the present invention comprises
spectroscopically measuring the amount of at least sulfur
in a used lubricating oil, for example by XRF, and corre-
lating the amount measured with the oil’s TBN. This meth-
od is particularly useful when the sulfur content and the
TBN content of the oil are known prior to use. The addi-
tional sulfur in the sample after use is directly related to
the amount of sulfate formed due to the neutralization of
sulfuric acid by the lube oil additives. Sulfuric acid is
formed during the combustion of sulfur containing fuel.
Sulfate formation and TBN depletion in the used oil are
directly correlated.
[0016] Most engine lube oils, however, have been al-
tered somewhat while in use. Some of the lighter fractions
of the lube oil may be burned away, thus concentrating
additives and contaminants. This complicates the calcu-
lation of increased sulfur due to sulfate formation. Thus,
in the present invention, an additional element present
in the fresh (new) lubricant is also measured and used
as an internal reference. Among such elements mention
is made of calcium and magnesium. For example, marine
engine lubricating oils are generally highly overbased;
i.e., they contain relatively high amounts of calcium car-
bonate, and the measurement of calcium is, therefore,
useful as an internal reference. Other lubricating oils may
contain magnesium which could serve as an internal ref-
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erence.
[0017] Among the spectroscopic methods for measur-
ing sulfur and other elements, specific mention is made
of inductively coupled plasma atomic emission spectros-
copy (ICP-AES), rotating disk electrode atomic emission
spectroscopy (RDE-AES) and x-ray fluorescence spec-
troscopy (XRF). XRF is preferred due to its robustness,
portability and ability to analyze particulates larger than
about ten microns.
[0018] The present invention is particularly suited for,
but not limited to, the analysis of scrapedown cylinder
oils from crosshead diesel engines, where in such oils
the TBN depletion can be 70 mg KOH/g or greater, and
these lubricants are all loss, i.e. the used oil is not circu-
lated in a sump. Because XRF is capable of measuring
sulfur accurately, the amount of sulfate formed in the
scrapedown oil, due to the neutralization of sulfuric acid
by the base, can be correlated to the TBN of the oil.
[0019] In the simplest cases, the measured sulfur is
directly correlated to TBN as shown in Figure 1. In this
example all samples were collected from the same en-
gine, and the correlation is very good. However, the good
correlation is not maintained when samples from addi-
tional engines are included in the plot. See Figure 2. A
significantly improved correlation can be obtained if the
sulfur results are normalized to a reference element, e.g.
calcium. See Figure 3. Normalization with a reference
element is equally valid for the simplest cases. Figure 4
shows the sample plot with just two data points removed.
[0020] Another important aspect of the present inven-
tion is that use of XRF spectroscopy to determine an oil’s
TBN also permits the measurement of wear elements in
the oil such as iron, copper, chromium, lead, nickel, alu-
minum, tin and antimony using a single instrument.

EXAMPLES

[0021] The following non-limiting examples serve to
demonstrate the invention.

Example 1

[0022] In this example 32 scrapedown (used) cylinder
oil samples were collected from one marine vessel’s
crosshead diesel engine over a 4.5 month period. The
TBN of the samples was measured by ASTM test method
D2896, and the amount of sulfur in the oil was measured
by XRF. A plot of TBN versus sulfur is shown in Figure
1. As can be seen, there is a very good correlation be-
tween sulfur and TBN.

Example 2

[0023] Scrapedown oil samples from 16 other vessels
were analyzed in example 1. A plot of this data along with
the data from example 1 is shown in Figure 2. As can be
seen, the correlation in this instance is poor apparently
because each engine has its own combustion character-

istics; however, when the amount of calcium was also
determined, the sulfur to calcium ratio was found to cor-
relate reasonably well with the oil’s TBN as is shown in
Figure 3.
[0024] Figure 4 is a plot of the data of Figure 3 with two
data points that appear to be anomalous removed. Re-
moval of these data points improves the correlation from
R2 = 0.88 to R2 = 0.93.

Claims

1. A method for determining a used lubricating oil’s TBN
comprising:

spectroscopically measuring with a single de-
vice the amount of at least sulfur and at least
one other element in the used lubricating oil;
and,
correlating the measured amount of sulfur to the
TBN;
wherein the other element is selected from one
which was present in the unused lubricating oil,
and
wherein the measured amount of the other ele-
ment is used as an internal reference.

2. The method of Claim 1 wherein the spectroscopic
method is selected from the group consisting of ICP-
AES, RDE-AES and XRF.

3. The method of Claim 1 wherein the amount of sulfur
and at least one other element in the lubricating oil
is measured by XRF.

4. The method of anyone of Claims 1 to 3 wherein the
additional element is calcium or magnesium, prefer-
ably calcium.

5. The method of Claim 1 or 3 additionally including
measuring at least one wear element.

6. Use of the method of anyone of claims 1 to 5 for
determining the TBN of a used marine lubricating oil.

Patentansprüche

1. Verfahren zur Bestimmung der Gesamtbasenzahl
(TBN) eines gebrauchten Schmieröls, bei dem:

mit einer einzelnen Vorrichtung spektrosko-
pisch die Menge an zumindest Schwefel und zu-
mindest eines weiteren Elements in dem ge-
brauchten Schmieröl gemessen wird und
die gemessene Menge an Schwefel mit der TBN
korreliert wird,
wobei das andere Element aus einem ausge-
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wählt ist, dass in der ungebrauchten Schmieröl-
zusammensetzung anwesend war, und
wobei die gemessene Menge des anderen Ele-
ments als interne Referenz verwendet wird.

2. Verfahren nach Anspruch 1, bei dem die spektros-
kopische Methode ausgewählt ist aus der Gruppe
bestehend aus ICP-AES, RDE-AES und XRF.

3. Verfahren nach Anspruch 1, bei dem die Menge an
Schwefel und des mindestens einen anderen Ele-
ments in dem Schmieröl durch XRF gemessen wird.

4. Verfahren nach einem der Ansprüche 1 bis 3, bei
dem das zusätzliche Element Calcium oder Magne-
sium ist, vorzugsweise Calcium.

5. Verfahren nach Anspruch 1 oder 3, das zusätzlich
das Messen eines Verschleißelements einschließt.

6. Verwendung des Verfahrens gemäß einem der An-
sprüche 1 bis 5 zum Bestimmen der TBN eines ge-
brauchten Schiffsmotorschmieröls.

Revendications

1. Procédé pour déterminer le TBN d’une huile lubri-
fiante usagée comprenant les étapes consistant à :

mesurer par une méthode spectroscopique
avec un seul dispositif la quantité au moins de
soufre et d’au moins un autre élément dans l’hui-
le lubrifiante usagée ; et,
effectuer la corrélation entre la quantité de sou-
fre mesurée et le TBN ;
dans lequel l’autre élément est choisi parmi un
élément qui était présent dans l’huile lubrifiante
non usagée, et
dans lequel la quantité mesurée de l’autre élé-
ment est utilisée comme étalon interne.

2. Procédé selon la revendication 1 dans lequel la mé-
thode spectroscopique est choisie dans le groupe
constitué de ICP-AES, RDE-AES et XRF.

3. Procédé selon la revendication 1 dans lequel la
quantité de soufre et d’au moins un autre élément
dans l’huile lubrifiante est mesurée par XRF.

4. Procédé selon l’une quelconque des revendications
1 à 3 dans lequel l’élément supplémentaire est le
calcium ou le magnésium, de préférence le calcium.

5. Procédé selon la revendication 1 ou 3 comprenant
en plus la mesure d’au moins un élément d’usure.

6. Utilisation du procédé selon l’une quelconque des

revendications 1 à 5 pour déterminer le TBN d’une
huile lubrifiante marine usagée.
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