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WO 2007/ 094997PCT/ US2007/ 003103 DETERM NATI ON OF TOTAL
BASE NUMBER I N MARI NE ENG NE LUBRI CANTS BY ELEMENTS
FIELD OF THE INVENTION [1] This invention is broadly
concerned with nonitoring the condition of used
wathoi/easts. Mre specifically, the present iRGRAHR205/003103
relates to an anal ytical nethod for determ ning total
base nunber (TBN) of a l|ubricant based on the
measur enent of at | east one key elenent in the oil.
BACKGROUND CF THE I NVENTION [2] Chem cal and physi cal
anal ysis of lubricants is often used to provide
i nformati on about the condition of the lubricant as
o wel | as the wear status of equipnent in which the

| ubr | i 4 jﬁ@@}ﬁmﬁ‘kwuge an‘EIF?INE
. |
sent to the |ab Y"Iﬁ 'U.S' EIV:E'?'—Nmere sever al

anal ytical tests are performad to determ ne a nunber of
chem cal properties. Anong the key anal yses perforned
on engine oils are those for TBN and wear debris

m_ﬁ‘rmwbri cant sanples to a | aboratory for

anal ysi s, however, does not provide the equi pnent
operator any inmediate information about the condition
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[ dbricant as well as
mda3fren@ait oftaflesst ode kéyeelemenpinethe diki ng | ubri cated. Many
of these devices include nultiple analyzers. In this
regard see, for WD 2007/094997PCT/ US2007/ 003103 - 2 -
%%%%ép%mﬁm 010 82; US 5,987,976; US
6; US 6,779,505 82; and PCT
WO 01/ 36966 A2.
[(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 clements. 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
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[4] In US 5,537,336 there is disclosed an oil test
assenbly that includes an .infrared spectroneter (IR
and an em ssion spectroneter for measuring wear debris
I TBN i s one of the lube oil properti 07/003103
ﬁ?gg‘ﬁ'ﬂ’é%‘%y IR [5] Sinmilarly, US -6,561, 01033z
PCT WO 01/ 36966 A2 di scl ose an apparatus for anal yzi ng
a machine fluid that also enploys nultiple sensors. In
this instance at | east one of the sensors is a
viscosity sensor. Wear debris elenents are neasured by
x-ray fluorescence (XRP) spé%troscopy. TBN nmay be
inferred by IR [6] US 6779, 50582 uses a sinlar
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t ht. [8] US 2004/0123644 di scl
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and mai ntenance, resulting in increased reliability. A
single on-line device would be highly advant ageous for
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elbPehisSard Béasurtdltsl x-ray Gnorescimi (RRF) spectroscapyy RN seayzbe
spectroscopi c nethod is used to neasure the anount of

inferrédby IR. a used | ubricating oi}l, and the anount
measur ed

[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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is correlated to its TBN. [12] In another enbodi nent of
the invention a spectroscopic nethod is used to neasure
both the amount of sulfur, and at |east one other
element in a used oil, where the other elenent is
Wi bRehate;f rom one which was present in the oPCT/ERBO7/003103
unused (new oil). [13] In another enbodi nent of the
i nvention, preferably x-ray fluorescence spectroscopy
(XRF) is used to neasure both the anount of sul fur, at
| east one other elenent in a used oil, where the other
el ement is selected fromong _which was present in the
oi | when new, and at |east dne wear debris el enent,
such as iron. BRIEF DESCRI PTI ON OF THE DRAW NG [14]
Flgures 1 and of TBN versus sulfur for
AMARY QF 1k 2d) cylinder oil sanples. WO
2007/094997PCT/U82007/003103 - 4 - DETAI LED DESCRI PTI ON
OF THE INVENTION [16] By way of overV|§¥L the resent
mlmvgr]lgmgmysstatpﬂlthe plsesbntemden@mlmﬁﬁ LCRTRE N“B‘:éag
use ubr i oi t f
iubieating gl TRYY BErirgsuriny Dt sPgREnc dlap @ oft I

suftifirPhB HibrEeLnRbib aﬁtﬂdoﬁ-@laﬁﬂg theamensted prswpa taits TBN.
anal'yzers or sensors. This invention sinplifies the

measurenent to a single analyzer or sensor. |ndeed, the

[oLf1; Seir},p(g'}e[“’nﬁ{;‘ . n' ; ﬁiﬁt} ahﬁoﬁ @lspifoscBpicfethadds ased to

and Ts readi |y adaptable
méfRuré iR adounit rme’ sulfurina used 1ubncatmg oil, and the amount measured

is correlated to its TBN.

[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.



A

[17] Specifically, the present invention conprises
nmeasuring the anount of at |east sulfur in a used
| ubricating oil, preferably spectroscopically, for
%a#w{ﬂﬁ% )CRF and correl ating the anount npagH§Reh003103
& s TBN. This nmethod is particularly useful
when t he sulfur content and the TBN content of the oi
are known prior to use. The additional sulfur in the
sanple after use is directly related to the anount of
sul fate formed due to the neutralization of sulfuric
acid by the lube oil additiveés: Sulfuric acid is forned
during the combustion of sulfur containing fue
Sul fate fornatron and TBN deoletron in the used oil are
DY D R ) ; QN | ube oil s,
owever, have been aItered sonemhat while in use. Sone
of the Ilghter fractions of the lube oil-may be burned
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Q er lubricating oils may contain magnesi um whi ch
could serve as an internal reference, 10191 Anong the
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neutralization of sulfuric acid by the base, can be
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- 6 - elenents in the oil such as iron, copper,
chromum | ead, nickel, alumnum tin and anti nony
using a single instrument. EXAMPLES The foll ow ng
non-limting exanples serve to denonstrate the
woYRbdeeyy. Exanple 1 In this exanpl e 32 scrBEEUSMI/003103
(used) cylinder oil sanples were collected fromone
mari ne vessel's crosshead di esel engine over a 4.5
nont h period. The TBN of the sanples was neasured by
ASTM.test nethod D2896, and the anpbunt of sulfur in the
oil was neasured by XRF. A plot of TBN versus sulfur is
shown in Figure 1. As can be seen, there is a very good
correlation between sul fur and TBN. Exanple 2
Scrapedown oil sanples from 16 other vessel :
inter yaferenie. Oiher PHEICINE QIR IERY SRR AERe a5 St coptd
t he dat.a fr le 1 is shown in Figure 2. As can .
5°‘B’83§3gﬁf‘telrﬂ%rpgfoirre|'éti onin this instance is poor
apparently because each engine has its own conbustion
characteristics, however n t khEP
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own In Flgure 3. Figure 4 is a plot of the,data
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preferred due to its robustness, portability and ability to analyze particulates

larger than about ten microns.

[020] 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.c. the used oil is not circulated in a sump. Because XRF
is capable of measuring suifur 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, ¢.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



-7- CLAIM5S 1. A nethod conprising: a) nonitoring TBN

of used lubricating oil in equipnent conprising: i.
nmeasuring with a single device the anbunt of at | east

sul fur in the used lubricating oil; ii. corr i _
WR2LU 8 hnount of at least sulfur directly fﬂ%ﬁ%@ﬁoﬁﬁt}s
iii. determning the TBN by using the neasured anount

of at least sulfur in the correlation; and b) using the
TBN to determ ne the condition of the used | ubricating
oil in the equipnent. 2. The nethod of Caim1 wherein

t he anount of sulfur is neasfired spectroscopically.

3. The method of Claim 2 including spectroscopically
measuring the anount of at |east one other elenent -
elé,%k,ﬁﬁgﬁ thd H2'¥uER s Yohs Copyres, ¢hromdwimn, lead; p@kél, laluypERm, tin

unused and using that neasurenment as an internal
andedmimomye using a single instrument.

EXAMPLES

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

Example 1
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 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 cach 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.



4. The nmethod of Caim2 or 3 wherein the spectroscopic
nmet hod is selected fromthe group consisting of

| CP- AES, RDE- AES and XRF. 5. The nmethod of Claim3
wherein the amount of sulfur and at |east one other
element in the lubricating oil is neasured by )(RP.

6. The nmethod of Claim3 or 5 wherein one other elenent
is calcium -8- 8. A neth@d conprising: a) nonitoring
TBN of used marine lubricating oil in a marine engine
conprising: i. spectroscopically measuring the anount
of at least sulfur in the oil with a device; ii.

cor iql V99 the neasured anmount of at |east sulfur
diréCtry with TBN; and iii. determ ning the TBN by

usi ng the nmeasured anount of at |east sulfur in the

cor r1.eI ﬁtrrile(ﬂ{]dd comprising:
a) monitoring TBN of used lubricating oil in equipment comprising:
i, measuring with a single device the amount of at least sulfur in the used
lubricating oil;
ii. correlating the measured amount of at least sulfur directly to TBN;
iii. determining the TBN by using the measured amount of at least sulfur in
the correlation; and

b) using the TBN to determine the condition of the used lubricating oil in the

equipment.
2. The method 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.
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b) using the TBN of used marine lubricating oil to
determ ne the condition of the used marine |ubricating
oil in the marine engine. 9. The nethod of Caim8

i ncl udi ng spectroscopically nmeasuring the anmount of at

| east one other elenent selected fromthose which were
present in the oil when unused and using that
nmeasurenent as an internal -Beference. 10. The net hod of
Caim9 wherein the anmount of sulfur and at | east one
ot her element is neasured spectroscopically by a nethod
sel ected fromthe group consisting of |CP-AES, RDE-AES
and gXRE methbd Cofmphsingod of C aim 9 wherein the one ot her
element 1Is caIC|un1 12. The nethod of Caim 11 including
spee} nmigpng:’&Bwa eerbmanineubrinating Bl ift 2 BRNAY engdReqOmpRSng:

wear & ShEHbsdodichlls nhiurink MR Rt Gt £ 1 NufiGhe ffie G lvieh o

TBN and S??? ne wear errent Wt
single i n&tvtdenent 13. The nethod of Caim1l1 further

conprisin ef erm ni ng the wea atu of..th
from t‘hec ing dhe rgf.as Qﬁn"%té’f\ﬂbti C&i‘ﬂq‘#hﬁ%‘e
met hodj;0% e@hﬁinm%thé quwausfr@rmé hﬁasaeadch%@hfrbm st SaBfur in

wear st at us of the equipnment” fromthe neasured at | east
one wear theeomelation;

b) using the TBN of used marine lubricating oil to determine the condition of the

used marine lubricating oil in the marine engine.

9. The method of Claim 8 including spectroscopically measuring the amount
of at least one other element selected from those which were present in the oil when

unused and using that measurement as an internal reference.

10.  The method of Claim 9 wherein the amount of sulfur and at least one other
clement is measured spectroscopically by a method selected from the group consisting of

ICP-AES, RDE-AES and XRF.

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.

13.  The method of Claim 1 further comprising determining the wear status of

the equipment from the measured at least one wear element.

14.  The method of Claim 7 further comprising determining the wear status of

the equipment from the measured at least one wear element.
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- 9- 15. The nmethod of claim 1l wherein the device
is on the equipnent. 16. The nethod of claim8 wherein
the device is on the marine engine. 17. The

nmet hod of claim 1 wherein the sulfur is neasured and
TBN is determined with a single device. 18. The
nmet hod of claim 8 wherein the sulfur is neasured and
TBN is determined with a sifgle device.

15.  The method of claim 1 wherein the device is on the equipment.

16.  The method of claim 8 wherein the device is on the marine engine.

17. The method of claim 1 wherein the sulfur is measured and TBN is

determined with a single device.

18. The method of claim 8 wherein the sulfur is measured and TBN is

determined with a single device.



