DETERM NATI ON OF TOTAL BASE NUMBER I N MARI NE ENG NE
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the condition of used lubricants. Mre specifically,
the present invention relates to an anal ytical nethod
for determ ning total base nunber (TBN) of a |ubricant
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BACKGROUND OF THE INVENTION

[002] 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 analytical tests are performed to determine a number of chemical
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 lubricant. This lapse in time can be critical to the

operation of the equipment.

[003] 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 lubricated.

Many of these devices include multiple analyzers. In this regard see, for



of the lubricant as well as the wear status of the

equi pnent being | ubricated. Many of these devices
wonel7wdeomul ti pl e anal yzers. In this regard seeCT/US2007/003103

forexanple, US 5,982847; US 6,561,010 B2; US

5,987,976; US 2004/0123644 Al; US 5,537,336; US

6, 779,505 B2; and PCT WD 01/36966 A2. [004] In US

5,537,336 there is disclosed an oil test assenbly that

i ncludes an infrared spectrogret er (IR) and an emn ssion

spectronmeter for neasuring vwear debris elenments. TBN

is one of the lube oil properties neasured by IR
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elements are measured by x-ray fluorescence (XRF) spectroscopy. TBN may be
inferred by IR.

[006] US 6,779,505 B2 uses a similar method for controlling lube oil feed
rates in certain diesel engine applications, where wear debris is measured by
XRF and TBN is measured by IR.

[007] US 5,982,847 discloses a method for measuring wear metal in
lubrication oils by XRF. Measurement of TBN is not taught.

[008] US 2004/0123644 Al discloses a method for measuring volatile

components in an oil.

[009] None of these devices measures TBN and wear debris elements with a
single analyzer. Such a device is highly desired for many applications, since it
decreases complexity and maintenance, resulting in increased reliability. A

single on-line device would be highly advantageous for real-time analysis.
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OF THE I NVENTI ON [010] Broadly stated the present

i nvention conprises determ ning a used |ubricating

oil'"s TBN by neasuring with a single device the anpunt

of at least sulfur in the lubricating oil and

correlating the neasured ampunt to its TBN. [011] In

one enbodi ment of the inverntion a spectroscopic nethod

is used to neasure the amount of sulfur in a used

| ubricating oil, and the anmount neasured is correl ated
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i nvention a spectroscopic nethod is used to neasure
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[012] In another embodiment of the invention 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).

[013] In another embodiment of the invention, preferably x-ray fluorescence
spectroscopy (XRF) is used to measure both the amount of sulfur, at least one
other element in a used oil, where the other element is selected from one which
was present in the oil when new, and at least one wear debris element, such as

iron.

BRIEF DESCRIPTION OF THE DRAWING

[014] Figures 1 and 2 are plots of TBN versus sulfur for various scrapedown

(used) cylinder oil samples.

[015] Figures 3 and 4 are plots of TBN versus the ratio of sulfur to calcium

for various scrapedown cylinder oil samples.



[015] Figures 3 and 4 are plots of TBN versus the

ratio of sulfur to calciumfor various scrapedown
woybi7rnde97oi | sanpl es. DETAI LED DESCRI PTI ON OF PEEUS2007/003103

I NVENTI ON [016] By way of overview, the present
invention sinplifies the determ nation of the TBN of a
used lubricating oil when the anount of at |east
sulfur in the oil is being analyzed. Heretofore, TBN,
sul fur and other elenments had to be nmeasured by
separate anal yzers or sensof & This invention
sinplifies the neasurenent to a single analyzer or
sensor. Indeed, the present invention is suitable for
j D RTEONr QFahHE IMMENBION jn the field and
. is readily adaptable for use on-line. [017]
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adag)i‘f&le f§yg§@5§_1{&( mati on and TBN depletion in the used
I'Tare directly correlated. [018] Mst engine |ube
oil's, however, have been altered somewhat while in
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at least sulfur in a used lubricating oil, preferably spectroscopically, for example

by XRF, and correlating the amount measured with the oil's TBN. This method
is particularly useful when the sulfur content and the TBN content of the oil are
known prior to use. The additional 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.

[018] Most engine lube oils, however, have been altered 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 calculation of
increased sulfur due to sulfate formation. Thus, in one embodiment of the
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 carbonate, and the measurement of calcium is, therefore, useful as an



concentrating additives and contam nants. This
conplicates the cal culation of increased sulfur due to
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i nvention, an additional elenment present in the fresh

(new) lubricant is also nmeasured and used as an

internal reference. Anong such elenents nention is

made. of cal ci um and nagnesi um For exanple, narine

engine lubricating oils are generally highly

over based; i.e., they contai%'relatLvely hi gh anmount s

of cal ci um carbonate, and the neasurenent of cal cium

is, therefore, useful as aninternal reference. Q her
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serve as an internal reference. [019] Anong the

servgpsan gdema] e §ds for measuring sul fur and ot her
el enents, specific nmention is made of inductively

coupl ed pl asma atonic em ssion spectroscopy (ICP-AES),
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anaffSifoPY¥erhBEabRRLy1ABr BAs 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.c. the used oil is not circulated 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.

[021] 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

engine, and the correlation is very good. However, the good correlation is not

maintained when samples from additional 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.

[022] Another important aspect of the present invention is that use of XRF

spectroscopy to determine an oil's TBN also permits the measurement of wear



correlated to the TBN of the oil. [021] In the
si npl est cases, the neasured sulfur is directly
woane@oaved to TBN as shown in Figure 1. In thP€T/US2007/003103

exanpl e all sanples were collected fromthe sane

engi ne, and the correlation is very good. However, the

good correlation is not maintai ned when sanples from

addi tional engines are included in the plot. See

Figure 2. Asignificantly inmproved correlation can be

obtained if the sulfur resut?s are nornmalized to a

reference el ement, e.g. calcium See Figure 3.

Normal i zation with a reference el ement js_equal
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san:ple | ot with just two data points renoved. [022]
nd ARLRn Pf’l‘b‘grel %l‘ﬁ'!gjleag‘ﬁggfne&?' the present invention is

that use of XRF spectroscopy to deternmine an oil's TBN

al so permts the neasurenent of wearelenents in the
EXAMPEESh as iron, copper, chrom um |ead, nickel,

alum num tin and antinony using a single instrunent.

EXAMPLES The followi ng non-limting exanples serve to
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32 scrapedown (uséd) cylinder oil sanples were

collected fromone mari ne vessel's crosshead di esel

engj ne over a 4.5 nonth period. The TBN of the sanples
E-—amgf—en!easured by ASTM test nethod D2896, and the ampunt

In tﬁl& s Stinhpile 32&&%&&&%\(@&@&3@9@3 oflysaitiffles AveRb leleéted from

versus sulfur is shown in Figure 1. As can
onesmannetwmss@’s sraashend/digselengine ever # 4 Brnik d?ﬁfl@d} The TBN

of t?ne 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 between sulfur and
TBN.

Example 2

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 characteristics; however, when the amount of calcium
was also determined, the sulfur to calcium ratio was found to correlate
reasonably well with the oil’s TBN as is shown in Figure 3.

Figure 4 is a plot of the data of Figure 3 with two data points that appear to be

anomalous removed. Removal of these data points improves the correlation from

R2 =0.88 to R2 =0.93.
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Figure 2. As can be seen, the correlation in this

i nstance i s poor apparently because each engi ne has

its own conbustion characteristics; however, when the

amount of cal ciumwas al so determined, the sulfur to

calciumratio was found to cg;relate reasonably wel |

with the oil's TBN as is showi in Figure 3. Figure 4

is a plot of the data of Figure 3 with two data points

t hat appear to be anomal ous renpoved. Renoval of these
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R2 = 0.93.CLAIMS: 1. A nethod for determ ning a used

lubricating oil's TBN conprising: neasuring with a

si ngl eA dpsthod fbhﬂeﬁﬁi‘ﬁﬁﬁindg)i uséd lubiittatingl Jilrs TNt diinprising:

used lubricating oil; and, correlating the neasure
measwsingt With a vieglrBlevige thhameuphefableasy silfarintbeaised t he

t Qf | fur is measured spectroscopically. 3. The
IUbﬁg%}#g%?gf@ai m 2 including spectroscopically
corfgkaty thitamthsuredRimidurittoahe TBINT one ot her el ement
sel ected fromone which was present in the oil when

unused and using that neasurenent as an internal
r effr Gh%%nethod of Claim 1 wherein the amount of sulfur is measured

spectroscopically.

3. The method of Claim 2 including spectroscopically measuring the
amount of at least one other element selected from one which was present in the

oil when unused and using that measurement as an internal reference.

4. The method of Claim 2 or 3 wherein the spectroscopic method is
selected from the group consisting of ICP-AES, RDE-AES and XRF.

5. The method of Claim 3 wherein the amount of sulfur and at least one

other element in the lubricating oil is measured by XRF.
6. The method of Claim 3 or 5 wherein one other element is calcium.

7. The method of Claim 3 including measuring at least one wear

element.

8. A method for determining the TBN of a used marine. lubricating oil
comprising:
spectroscopically measuring the amount of at least sulfur in the oil; and

correlating the amount measured with the oil’s TBN,



4. The method of Cdaim2 or 3 wherein the

spectroscopic nethod is selected fromthe group
woaneieidong of | CP- AESS5RDE- AES and XRF. 5. ThePaeise@®7/003103

of Caim3 wherein the amount of sulfur and at |east

one other elenment in the lubricating oil is measured

by XRF. 6. The nethod of Claim3 or 5 wherein one

ot her elenent is calcium 7. The method of Claim3

i ncludi ng nmeasuring at | east_one wear elenent. 8. A

nmet hod for determ ning the T8N of a used marine

| ubricating oil conprising: spectroscopically

neasuri ng the amount of at |least sulfur in the oiI

and correlating t he amount neasured with the oi
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in the oil when unused and using that neasurenent as
the ail wherennuased arfdensingdhatimeasyremeat |86 @ngnternal reference.

wherein the anmount of sulfur and at | east one ot her

el enent i s nmeasured spectroscopically by a nethod .
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and XRF. 11. The net hod of Claim9 wherein the one
oneattherr elememé in megseradaipgriroscopicaily hyriwethad slepted fiom the

i ncl udi S nea g the anount of at
gm\‘%&?‘[’“éﬁ%&?/@i@ mmﬁﬁn‘kﬁ% 6i|s t'her eby det ernini ng

the oil's TBN and the anount of at Ieast one wear

el ement with a single instrunent. ) )
11. The method of Claim 9 wherein the one other element is calcium.

12.  The method of Claim 11 including spectroscopically measuring the
amount of at least one wear element in the oil, thereby determining the oil’s

TBN and the amount of at least one wear element with a single instrument.



