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"ON- LI NE MONI TORI NG OF LUBRI CATING O L USING LIGHT IN THE VI S BLE ANDG REAR | R
SPECTRA  RikBlyB$do7) NVENTI ON [ 0001] The present invention relates to_a nethod
for nonitoring particulate contanination of a |ubricant a?CMSfB’%@”

“detecting aging of the lubricant. More particularly the present invention
I's concerned with an optical nmethod for nonitoring on-line the quality of a
| ubri cant ot HMPREMEDMETHODNFAR ON-LINE MdONWERGRAN or OFUct BRISAKICROUND OF
| NVENTI ON [ 0002] ¢bpbUSTsig BIGBUCIN FHE ndgSBLEAA NI NEARIER SPEOTRAL
conponents of a wde variety of nechanical systens ere they provide
functions such as lubricating noving parts, transporting force or energy on
t he nechani cal system protecting parts against wear or even a conbination
of these. [O8@]lp \Gi #%E@_@g time these lubricants may becone cont am nat ed
W th subst | ey cone into contact, for exanple by the

I ngress of foreign substances such as water in the nmechanical system by

particul ate matter such as that resulting from nechanical wear and the |ike
and oxi dat i Vi@083}r addic present atvantiensakatesool a methaddforimeridoning particulate

| ubri ts. Th t t. LS. d in.th f h teristi
of 1 ho | by | SRR LOBHSAN SSINEL o JGACHDE PeRLEL M P REHo A col
envi r onmant ST SRy hE B sent RSty REEGIhRed ML Ul MR s 1< o

standard pr ogeflitbfing bAllind@eefifalihabLs nBIRImY oftgkr ah&A6R¢E en Gbnthbewlthbr i cant
and transporting it, typically off-site, for analysis. This procedure

nor(mal |y t akesmbustlomgprodutisee ful | days before the

BACKGROUND OF INVENTION

[0002] Lubricants, such as industrial oils, are important components of a wide
variety of mechanical systems where they provide functions such as lubricating
moving parts, transporting force or energy on the mechanical system, protecting

parts against wear or even a combination of these.

[0003] With use over time these lubricants may become contaminated with
substances with which they come into contact, for example by the ingress of
foreign substances such as water in the mechanical system, by particulate matter
such as that resulting from mechanical wear and the like and oxidative degrada-
tion of the base oil and additives used in the lubricants. The net result is a
decrease in the performance characteristics of the lnbricant with the concomitant

negative impact on the mechanical device using the lubricant.

[0004]  Therefore, in many industrial environments regular lubricant analysis
by common laboratory methods is a standard procedure. This necessitates
removing a sample of the lubricant and transporting it, typically off-site, for
analysis. This procedure normally takes at least three full days before the



2 2 AU6 2006 WD 03/078974 PCT/ US03/07151 requisite analysis is conpleted
and a report can be obtained. Such a tine lag is highly undesiraQlgg H§005]
The art isyoepbgbey W th proposed net hods and devi ces for t\I%ET bi,j).ng

eval uation of |ubricants, especially engine oils, many of i ch are based on
optical techniques. Because engine oils such as diesel oils are exposed to
conbustion products such as bl ow by gassgs and soot they darken severely.
For exanple, many engine |ubricants beCémme optically opaque at pathl engt hs
greater than a fewmllineters, especially near the end of useful, life of
the lubricant. 100061 Consequently the optical techniques proposed for
on-1ine evalagaisittnanalysie ifgraiEpsiedsansharenprt eambe ebtained, ppech a yinulagds a
pat hl engt h L{egilj thgn .a ﬁfgw mllimeters. [00071 Industrial lubricants often
are used in %BP T"’tﬁ’ s than engine lubricants and they are not exposed

to conmbustion products. Therefore, darken- ing fromsoot is not a
significant problem However, in order to allow a nore accurate indication

of the condjG(o¥) of Thartigtsiléteatith phypdsed imdthédsLand devibeetbrithe b@-limdl € to
nonitor a nore representative sanple of the |ubricant than m ght be

moni t or ed uevalyation of bylricaats, espdcsallyuenging ofs.apasy of wdrick arg basedudsr i cant s.
Al so, there iis.a need to _avoid fluid f] ow estr,icLian resultiagformuse of
these opti capticaldeehmquesodagcanse snging oals such s digsel ety arosxpassdd9enent s in

det er ni ni ng c‘#rnﬁﬁse&‘%?@}&d“%& Mchi#%é&;ifﬂsﬁé%ésg? Eﬁﬁf S&Slsﬂle&n_ ?Jr?eé%?%ge%t“

therefore, O sent 1'nventi on rovi de an 1-t1 nme,

met hod for geihpR! hﬂﬁlytéiﬁéiﬁénﬁﬁchﬁ@_&thtébfﬂrmng%Xtaugﬁé a@gﬁthmﬁigtﬁ% pR9%G to
conmbustion products suchas industrial oils. 2 200 ;
than a few millimeters, especially near the end of useful life of the lubricant. o

[0006] Consequently the optical techniques proposed for on-line evaluation
of engine oils employ thin cells typically having a pathlength less than a few

millimeters.

[0007]  Industrial lubricants often are used in larger volumes than engine

lubricants and they are not exposed to combustion products. Therefore, darken-

ing from soot is not a significant problem. However, in order to allow a more

accurate indication of the condition of an industrial lubricant there is a need to be

able to monitor a more representative sample of the lubricant than might be y
monitored using thin optical cells such as proposed for engine lubricants. Also,

there is a need to avoid fluid flow restriction resulting form use of these optical

cells.

[0008]  Thus there remains a need for improvements in determining the

condition of industrial lubricants.

[0009]  An object, therefore, of the present invention 18 to provide an on-line,
real-time, method for monitoring the condition of lubricants that are not exposed

to combustion products such as industrial oils.



WD 03/078974 PCT/US03/071.r1 -3 [00101 These and other objects will becone
apparent fromthe description which follows. SUMVARY OF | NVENT C?\M OfgfeL 1
The preseRiohya9tj on provides a nmethod for nmonitoring oil a%iug agg

' ' tion

Jparticulate buildup in a lubricant, other than one exposedpfj

products, by detecting light transmtted through the lubricant at a

wavel ength preselected froma specific range of wavel engt hs. Anot her
enbodi nent of the present invention provides a nethod for nonitoring oil
aging and particulate buildup in a lubricant, other than one exposed to
conbustion products, by detecting light transmtted through the | ubricant
at two or nore preselected wavel engths over a pathlength of greater than
about 0.5 wherein one wavelength is in the visible spectrumor near

i nfrared spg0010jm adtiesmandrathel ebpcts will becdrhe apparant frofr therdedespeart r um
wher eby the anpunt_ of |ight detected provides an indication of the

condi tion ofwhlﬁbfellpwq 00121 The present invention provides an inproved
nmet hod of measuring the oxidation and overall degradation of a | ubricant
using light in the visible or near IR spectra. Mre specifically, the
present i nveittAAAR Y &Y BIHRPr esentative determ nation of on-line

| ubricant c concurrently neasuring several oil
degradati on paraneters. [00131 In one enbodi ment of the current invention,
the age, quality and oxidation of a lubricant is determ ned by measuring
| i ght passi 18011} ougdhe present imentign providesa method fer monitering (o aging andm

e Tkl oot et CoOR? 5 ST ARG 3 2
having a |1 9ptqpat by aekidg Gahehralddaited throddfl Re Putitidane P8 wavelength
preselected from a specific range of wavelengths. Another embodiment of the
present invention provides a method for monitoring oil aging and particulate
buildup in a lubricant, other than one exposed to combustion products, by
detecting light transmitted through the lubricant at two or more preselected
wavelengths over a pathlength of greater than about 0.5 wherein one wavelength
is in the visible spectrum or near infrared spectrum and one wavelength is in the
near infra-red spectrum whereby the amount of light detected provides an

indication of the condition of the oil.

v [0012] The present invention provides an improved method of measuring the
oxidation and overall degradation of a lubricant nsing light in the visible or near
IR spectra. More specifically, the present invention allows a more representative
determination of on-line lubricant conditions to be made by concurrently

measuring several oil degradation parameters.

[0013] In one embodiment of the current invention, the age, quality and
oxidation of a lubricant is determined by measuring light passing through the
Iubricant in the visible or near IR spectrum (approximately 400 nm to 850nm).
In another embodiment an industrial oil circulating through a mechanical system

is passed through an optical cell having a light pathlength greater than 0.5 and



WO 03/ 078974 PMJUS031071M -4- the oil in the cell is exposed to llazgmﬁfh t wo
wavel engt hs, one at about 400 run to 850 nm and the other at 8?

about | 10®omswasudst he |ight passing through the oil is deiei@deird
conpared to a predeterm ned value to determ ne the degradation and

particul ate condition of the oil. BRI EF DESCRI PTI ON OF DRAW NGS 100141
Figure | is a perspective view of an optical cell useful in the present
invention. [00151 Figure 2 is a block schéatic di agram of an optical system
useful in the present invention. [00161 Figure 3 is a graph of absorbance
at 500 mm for several lubricants, versus hours gon the test rig. 10017]

Fi gures 4 cothraeibin theecelbisiixposed nlighicit dwprveaelengths qinesatiapeny 49Qaym to
absor bance vEsOanand BEPREREFs LS nnt oo AP nip A4 B LERCRRFER dhlifiely
absor bance v&: S &

number . 10020 B it J0eBRAMATAL Spd &R pidicAlindd Va0 e W Sarpl ©

wavel engt hs. degddafidn kg paetichlsergpadition dthewiber of particles in the oil
conpared to the absorbance at 975 nm 2 2 AUG 2006 WD 113/1178974

PCT/ US03/ 07151 5 DETAI LED DESCRI PTI ON OF | NVENTI ON [ 00221 The present

i nvention i SB?ﬁ%'F’IS%@&]tP%I&T\I lOIFnﬁRA[\%ﬂ'LTGté me, nonitoring of

[0014]  Figure 1 is a perspective view of an optical cell useful in the present

invention.

[0015] Figure 2 is a block schematic diagram of an optical system useful in

the present invention.

[0016]  Figure 3 is a graph of absorbance at 500 nm for several lubricants

versus hours on the test rig.

[0017]  Figures 4 compares the results from two different progressively aged

industrial oils for absorbance vs. time

[0018] Figure 5 compares the absorbance vs. time results at various

wavelength for a sample.

[0019] Figure 6 compares the absorbance at 550 nm for various oils against

sample number.

f0020] Figure 7 compares the intensity vs. time at various wavelengths.

[0021] Figure 8 compares the number of particles in the oil compared to the

absorbance at 975 nm.



t he degradation and particulate buildup in industrial oils in use in
‘mechani cal systenms, i.e., oils other than those exposed to contjugiie0b
products. {@fdRbed,p the past, a conmon nmeans of determning,the extent of

oxi dation of & Tubricant has been to measure the increase T 4888/ Bhnce due
to the carbonyl functional group at about 1700-1750 cm 1 which is in the
md infrared portion of the el ectronagnetic spectrum However, unexpectedly
the inventors found that we coul d neasuré-oxidation in the visible-near IR
region of the spectrum (from400 nin to 850 run). This is unexpected
because broad spectral features 'in this part of the spectrumare not due
to vibrations or electronic transitions of particular chem cal functional
groups and therefore do not provide specifi chem cal functional group

i nf or mat i on. DBIRA RIDESERIP THOREOH INVE? ] region of the spectrumis
that a nore robust neasuring technique with a longer path |ength can be
applied at these wavel engths. For exanple we can typically wuse a path

| ength of | i | ep i r f e 3, pat f

| ess than ZOB(mn%ﬁr O%ﬁ%ﬁ%ﬁn@g@ﬁ%&f@gsa%pﬁltcgﬁl}a%&gi @%‘%’g?h absot &"!“?ﬁ%‘? of®
radi ation. Le{ed@sgraddtion andpisicalate belsup ikitldustrial ioils ¥h ubé d¢irR@Radicgim sl udge
and particulate. In addition, the md-IR portion of the spectrumis

suscepti bl e systems] is&, b1l other duidiege exposetitowofnbmstior pyodwdts.oi | . This is
much less problematic at our preferred wavel engths. [00241 According to one
enbodi mrent of the invention an industrial oil, under <conditions of use in a

hani cal is eirculated through i cal cell ktioned |
conweni ent 1 KU on W BrieASh ASHubah Archls 38 defrrifiag e sxbBEoRBoR At
be a Segﬁentc%%bslg%ayg'ﬁla& ke tdiRegreWhe ﬁibr?ééae‘ %bﬁbflﬁﬂl:@ﬁﬁ@ t¢the Arbofi06 VO

03/ 078974 P 7151 -6- or as part o y-pass li1ne. A perspective
vi ew of our fundtwhhbgappi atalboael 70758 cm-1 which is in the mid infrared portion

of the electromagnetic spectrtum. However, unexpectedly the inventors found
that we could measure oxidation in the visible-near IR region of the spectrum
(from 400 nm to 850 nm). This is unexpected because broad spectral features'in
this part of the spectrum are not due to vibrations or electronic transitions of
particular chemical functional groups and therefore do not provide specific
chemical functional group information. The advantage of measuring in this
region 6f the spectrum is that a more robust measuring technique with a longer
path length can be applied at these wavelengths. For example we can typically

! use a path length of 1 cm while in the mid IR part of the spectrum a path length
of less than 200 microns would be necessary to avoid total absorption of
radiation. Larger path lengths are less likely to incur blockage from sludge and
particulate. In addition, the mid-IR portion of the spectrum is susceptible to
noise from blackbody radiation from very hot oil. This 1s much less

problematic at our preferred wavelengths.

[0024]  According to one embodiment of the invention an industrial oil, under
conditions of use in a mechanical system, is circulated through an optical cell
positioned in any convenient location within the mechanical system. For

example, the cell may be a segment of a manifold through which oil is circulated



shown in Figure 1. Cell 10 has light transparent top and bottomwalls 11 and
12 respectively, made for exanple of glass or quartz. Cell 10 iZ%sZ pbovilGed
wi th side wwlidssr4 and 15. The ends of cell 10 are open top@gidishridie flow
of oil through the cell as illustrated by arrows 16 and 17. Means (not
shown) are provided to incorporate the cell 10 in fluid comunication with
oil circulating through a nechanical system (also not shown). The hei ght of
side walls 14 and 15 and hence the spacebbetween top 11 and bottom 12, is
greater than about 0.5 cmand preferably between 0.5 to 1.5 cm [0025] As
shown in Figure 2 positioned on the top 11 of the optical cell 10 is nmeans
21 for emttongs paghif afyepasstiinecas pempectian dievs of bansuitable optioal atilf 1@ient
presel ected wavel en endicular to the top 11. Means 21 nmy be one or

h

two discret esho\gmn%%msréglgr‘gﬁll aPas hight u'@ngpaaewff@ammmqr@malb aud 12
ided with filt by the light enitted wil t t

B v o W Bepb bt i Ko S5 Bhss ATRE CL165: Blnl Sl 1

are at 'eaStv&g‘l@Maé}Qi £5 TREQWAs bfcd16 aFd Fgéﬁt%f)%\?nﬁlt :tlg&i?:%lo@eéie&l Eﬁggéﬂ and

23 aligned to detect each respective wavel engt emtte passed

t hrough t he did cedhgs flhustragdrisr arowg 16rand Kt t Meaak (sotoshalwn) are peppadedtd o t he
| ight detected. In practice, the electrical signal is used to calcul ate one
of transmi tt invosperatatheselaltia fluidrcoramunication, wigh odgurcadatingsthrouglpar cent age

of LIS L anemLed Bt % Lol SHRRERARESELR SR 11 2rd 38 g, o,
comr s pkAaSheREcd AT 11U PIERaE B AR, bholla 2

light em ttipgf@ia@dpbeﬁmﬁm_gt@ﬁ,seémzti ng |ight of preselected wavel engths.

As noted before, light source 21 could also be a broadband |ight source
with filters. The detectors are comonly avail able solid state

phot odet ect OE(?MS% 2 zﬁyglc?vsorg E1Sn Figure 2 positioned on the top 11 of the optical cell 10 is
means 21 for emitting light from at least one, and as shown here, two different
preselected wavelengths perpendicular to the top 11. Means 21 may be one or
two discrete light sources or alternatively a broadband light source provided with
filters whereby the light emitted will be at one or two different preselected
wavelengths. Positioned on the bottom 12 of cell 10 are at least one, and as
shown in this Figure, two light detectors 22 and 23 aligned to detect each
respective wavelength of light emitted and passed through the oil and for
generating an electrical signal in response to the light detected. In practice, the
electrical signal is used to calculate one of transmittance or absorbance.
Transmittance, of course, is the percentage of light transmitted by the oil while
absorbance is equal to log (transmitted light/incident light). In either case, the
light source 21 comprises at least one light emitting diode capable of emitting
light at a preselected wavelength and as demonstrated in this example it
comprises two light emitting diodes capable of emitting light of preselected
wavelengths. As noted before, light source 21 could also be a broadband light
source with filters. The detectors are commonly available solid state

photodetectors.



WO 03/ 4178974 PCT/ US03/ 07151 -7 100261 Light neans 21 and detectors 22
and/ or 23 are operably connected to a power source 25 and a gatMg@acessor
26 for comRpgiiiaeihe electrical signal and preferably thepéf,@g‘%m.,glance or
absorbance to predeterm ned values for a knowmn degradation and particul ate
condition of an oil. It is obvious to one skilled in the art that any
conbi nati on of broadband or discreet |ight neans with any conbi nati on of
vari ous detectors may be enpl oyed. 10027%7Gne enbodi nent of this invention
allows the light to be emtted solely at one wavelength in the visible or
near IR range. Wiile the precise wavel ength depends upon the |ubricant

bei ng noni t of{@aR6]t heLight exetans 2 1 radedeterdsysed antl/yr 23 atmdperhbly ¢dnmed@d tora t o
850 nin region of the visible-near IR spectrumis useful A for determ njng

the oxi dati oROWEEPAWCERT M\ ARty Iapcesser &6 fior gamparing e clesthisal faml ad ¢ he

present invention,.l Laht 1s .em t I ff nt.. _Qr .

wavel engt hs, pgﬁgr d(?]ly #lﬂeeér%ﬁﬁgﬁaﬂ&% ﬁga@&ogf)%}fcgqgrprﬁéei;ﬁﬁu#;?ﬁ?@&%{é gg‘&%“m t he
other in thegg Iaaﬁgﬁraﬁdrp%ﬁiciﬂﬂetdoﬂmﬁomaﬁ{@ﬁ.l 6is WBVRLANS IR sMilldd ird@Rend
upon the lubricant being 'nonitored. In general one wavelength wll be

bet ween aboutrtAfift amyncanbindfion rodbreadbanderalistreett gghtveesans #eitlnampnd about
1100 nm The preferred wave Ien(t;t hs for different industrial oils vary,
dependi ng oncPRBIEIN ef wriovsdgtestenstmyy be gmnloyed ons used. However, a

wavel engt h of about 975 run is preferred for judging particulate buildup in
paper machine oils. [00281 As is shown in Figure 2, a result display or

si gnal rnodul o@z%gi S OREEhARIAYmE sseﬂwt:ﬂﬁ&%gﬁo&g%@ﬁgﬁno% LR PYdIes @

vi sual display of the oi condition or an indication the renal ning
useful 1ife. aAbhewavtlengttyinathsivisible orsneal IRTangheWhily thelpreoisemyaveengtiovi ded
when the oil condition reaches a_predeterm ned state requiring changi ng of
the oi |l bef odepenstsiunem thg hubreeant bstng menitored, the inventors have unexpectedly

found that the 400 nm to 850 nm region of the visible-near IR spectrum is useful
for determining the oxidation, aging and quality of the oil. In another
embodiment of the present invention, light is emitted at two different,
preselected wavelengths, One of these is in the visible or near infra-red
spectrum, the other in the near infra-red spectrum. The precise wavelengths will
depend upon the lubricant being monitored. In general one wavelength will be
between about 400 nm and 850 nm and the other between 875 nm and about
1100 nm. The preferred wave lengths for different industrial oils vary,

( depending on the base stock and additive combinations used. However, a
wavelength of about 975 nm is preferred for judging particulate buildup in paper

machine oils.

[0028]  Asis shown in Figure 2, a result display or signal module 27 is
operably connected to data processor 26 to provide a visual display of the oil
condition or an indication of the remaining useful life. Alternatively a signal
such as a bell or alarm may be provided when the oil condition reaches a
predetermined state requiring changing of the oil before continuing operating the

mechanical system.



mechani cal system 2 2 AUG 2006 WO 413/078974 PCT/US113/07151 -8- [00291
Either the signal nodule 27, the data processor 26 or both may 2leAUGolisy abl y
connect ed W@ ob/ikosyst em by hardwire, wireless transm ssionpggaRs;@Phs; Via the
internet. EXAMPLE 1 [00301 Five different paper machine oils were
separately circulated at the sane elevated tenperature and for
substantially the sane tine period in a test rig designed to sinulate oil
aging that normally occurs over several years of service in a paper

machi ne. The absorbance of light at 500 run for each of the oils was

periodically nmeasured. A plot oi absor bance at 500 ni n_versus hours on the
test rig is[QRMn iFrtsrghe signal moduds 2hahs datn pProsgssos26 orcbhmax part out

with an absorbance clo ro i]e arker. fi oj.l.star ut_with
an absor bancgp%rﬁgﬁ/a% e%ga_dg)tg)_ &lﬁlé\yg\gﬁhi@' ggléddwa{fff’ ‘ﬁlé?lﬁé‘%gﬁ?gljgﬁgw %‘ﬁ@%sérms rate
denonstrati ng tt??timeﬁlﬁprbance Is an effective neasure of oil |life. EXAMPLE
2 100311 Two c?i erent 1 ndustrial oils were aged in the | aboratory by neans
of circulating rig tests. The graph in Figure 4 conpares the results from
these two progressively aged oils. Of-line infrared neasurenents for the
car bonyl regm- 1/cn) are conpared with on-1ine measured absorbance
of light at 600,700, and 850 ran. The two sets of data shown in Figure 4
(represented by solid and dashed lines) were obtained froma turbine oil

and a paper hne w@iL. ff@& | i L | ge test
oi I s under dmjgjrlentﬁgérclhl [ 3%1@513{1?%%?{11“%%%5 éﬁ%%eﬁﬁéﬂeﬁzgg‘?ﬁgﬁgi fferent
| ubri cants agstheklesand tenfpegatngy end forf Subs@ntially Msahes antepetod ivh itk gig | n

ot her words, different (or a conbination )
designed to simulate oil aging that normally occurs over several years of service

in a paper machine. The absorbance of light at 500 nm for each of the oils was
periodically measured. A plot of absorbance at 500 nm versus hours on the test
rig is shown in Figure 3. As can be seen, four of the oils start out with an
absorbance close to zero while a darker fifth oil starts out with an absorbance of
about 0.35. Nevertheless all darken at about the same rate demonstrating that

absorbance is an effective measure of oil life.

EXAMPLE 2

[0031] Two different industrial oils were aged in the laboratory by means of T
circulating rig tests. The graph in Figure 4 compares the resuits from these two '
progressively aged oils. Off-line infrared measurements for the carbonyl region
(1710-1/cm) are compared with on-line measured absorbance of light at 600,700,

and 850 nm. The two sets of data shown in Figure 4 (represented by solid and

dashed lines) were obtained from a turbine oil and a paper machine oil. The

different rig tests were designed to age test oils under different conditions,

[0032]  The graph illustrates that different lubricants and/or conditions have

different V-NIR absorbance profiles. In other words, different (or a combination
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‘wavel engt hs can be used to track oxidation in different |ubri c &kt AJGAIReH
under vary itions. EXAMPLE3 100331 Exanple 3 shows |srdd,ubri cant
run underxya&?ﬂ%gﬂset of rig conditions. These data iIIuslt)?gpgds{(ﬁé‘tl this
‘effect is independent of the type of rig test used to age the oil. This
exanpl e al so shows how a sinple algorithm (specific to the oil being aged)
can provide the correl ation between a waveékength in the V-NIR and the
degradation of the oil. The results of these tests are shown in Figure 5.
The notation in Figure 5 (600-nu /45) indicates that the neasured value at
600-i un was ofidifiepente¥-biiR4avelengthplcan beaked o frack oxjdatidhiin diffetent i s

rel ati ve and depends on neasurenent tinme, wavel ength, and path | ength.
EXAMPLE4 [ OObmcantstandsundes YaNANg capditipnsi ve sanpl es of paper nachine oils
were gathered from operating paper nmachines. The sanples varied in |ength
and type of service. Al were analyzed for viscosity, wear netals and

addi tive net%#%lgplf_‘(pg of the oils failed the analysis for one or nore of

wear, |low a | ow viscosity. The absorbance of each of the oils at
550 run also was determned. Al four of the oils that failed the
viscosity, wear or additive tests had an absorbance greater than 0.6 while

18 accept abl 038] s Faduapie doshoviran tardhiboganoe, unides arthard| set 0b1igt hese tests

are shown in Figure EXAVPLES 2 2 AUG 2006 WD, 413/4078974, PMJS413/.07151
10_s ' Neonditions. 6l'he.sé(ﬁatal ustrate that this effect 1s independent of the type oi nig

( test used to age the oil. This example also shows how a simple algorithm
(specific to the oil being aged) can provide the correlation between a wavelength
in the V-NIR and the degradation of the oil. The results of these tests are shown
in Figure 5. The notation in Figure 5 (600-nm /45) indicates that the measured
value at 600-nm was multiplied by 45 (a simple scaling factor). This number is

relative and depends on measurement time, wavelength, and path length.
EXAMPLE 4

[0034] In this example, twenty-five samples of paper machine oils were
gathered from operating paper machines. The samples varied in length and type
¢ of service. All were analyzed for viscosity, wear metals and additive metals.
Four of the oils failed the analysis for one or more of wear, low additive and low
viscosity. The absorbance of each of the oils at 550 nm also was determined.
All four of the oils that failed the viscosity, wear or additive tests had an
absorbance greater than 0.6 while 18 acceptable oils had an absorbance below

0.6. The results of these tests are shown in Figure 6.

EXAMPLE 5



[ 00351 Figure 7 graphically illustrates the correlation of the infrared
absorbance at 1710 cm1 to the Visible-Near Infrared measurement$ 2d6a000
fourth [uMOBarsMg oil froman actual field test. This fi eErEQsh71ds
conducted over a period of alnpst two years. The oil was very resistant to
oxidation after an initial break-in period. [00361 Figure 7 not only shows
how wel | oxidation is tracked by V-NIR s&ectroscopy inareal world

.I

application, it also illustrates how over | ubri cant degradation is nore
representatively tracked by the V-NIR neasurenents than a single infrared
measurenent. The darker snooth curved Iine in Figure 7 illustrates the

gradual degradation of the oil overtime, conpared to the nore varied
changes observed fraomthe_infrared nmeasurenments. EXA [ 0037] A subset

of fi elld sani|90§§] of apes7 WT@IYJHIU@TWS @@am@laziowp Eﬁe sHEgded for
! or ber _ . . .
Pat egor | o, , Adaoetne Hz0sH £ to A YR ON e IR B meRa M AREI SO R Souh  hese

sanpl es at 5ﬁ%ﬁamiﬁ@t%#pﬁeﬁ1tﬁfia@ceai A ttACTRIEAR 10§t WA SdrfdiRteddbdlLr than 2

m crons and greater an 5 mcrons no correlation was found. 100381 The
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degradation is more representatively tracked by the V-NIR measurements than a

single infrared measurement. The darker smooth curved line in Figure 7
illustrates the gradual degradation of the oil overtime, compared to the more

varied changes observed from the infrared measurements.

EXAMPLE 6

[0037] A subset of field samples of paper machine oils of Example 4 were
analyzed for particulate level. Particulate levels were measured in three size _
categories, greater than 2, 5 and 15 microns. When the absorbance of these ‘ \)
samples at 550 nm was plotted against the number of particles greater than 2

microns and greater than 5 microns no correlation was found.

[0038}  The absorbance of these samples at 975 nm was also measured and
plotted against the number of particles greater than 2 microns. The resulting piot
is shown 1 Figure 8. This plot shows a high level of correlation especially when

a polynomaial is used to fit the data points.



red spectrum wherein the wavel ength of the visible or near infra-red
spectrumis fromabout 400 run to about 850 nm and one ot her wavel ength
being in the near infrared spectrum wherein the wavel ength of % haleae
infra-red spectrumis fromabout 875 nmto about 110 nm the |ight being
transmtted over a pathlength of gr eat gn t han about 0.5 cm and conpari ng

| ight detected with a predeterm ned val'ue for each wave-|length whereby oil
aging and particulate buildup is nonitored. 2. The nethod of claimI| wherein
t he pat hlepgimsi s between 0.5 to 1.5 cm 3. The nethod of claim| wherein at
| east one transmttance or absorbance is obtained fromthe |ight detected
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2. The method of claim 1 wherein the pathlength is between 0.5 to 1.5 cm.
3, The method of claim 1 wherein at least one transmittance or absorbance is obtained

from the light detected and is compared to a predetermined value.

4. The method of claim 1 wherein the oil is circulated through an optical cell contained

in a mechanicat system.

5. A method for determining oil aging and particulate buildup in a lubricant, other than
one exposed to combustion products, wherein the lubricant is contained in a mechanical
system, the method comprising:

circulating the lubricant through an optical cell positioned within the system, the
optical cell having a pathlength of greater than about 0.5 cm;

exposing the lubricant in the cell to light at two or more preselected wavelengths, one
or more wavelengths in the visible or near infra-red spectrum wherein the wavelength of the
visible or near infra-red spectrum is from about 400 nm to about 850 nm, and the other in the
near infra-red spectrum wherein the wavelength of the near infra-red spectrum is from about

875 nm to about 1100 nm;



6. The nethod of claim5 wherein the cell has a pathlength fromabout 0.5 cm
to about 1.5 cm 7. The nethod of claim5 wherein at |east one of ZdAUB 7006
transmttance or absorbance is obtained fromthe |ight detected an
conpared to a predeterm ned value. 8. The nmethod of claim5 wherein the
circulating, transmtting and neasuring,are continuous. 9. An industrial
oil nmonitoring systemfor nonitoring thé condition of an industrial oil
contained in a mechanical systemwhile in use, an industrial oil, the oil
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850 nm and the other from 875 to about 1000 nm |ight detector neans on the
bottom of the cell for detecting |ight passing through the <cell in

real -ti mes.and The-nhéthe] oftbddim Pwhaeiashy colitans phthlengthff@h abghtl0i50dn tddoact ed by
t he det ectgr means to predeterm ned values. 10. The nonitoring system of
claim9 ihefridi ng signal neans operably connected to the data processor to
provi de a signal when the oil reaches a predeterm ned condition.

7. The method of claim 5§ wherein at least one of transmittance or absorbance is obtained

from the light detected and compared to a predetermined value.

8. The method of claim 5 wherein the circulating, transmitting and measuring are
continuous.
9. An industrial oil monitoring system for monitoring the condition of an industrial oil

contained in a mechanical system while in use, an industrial oil, the oil being other than one
exposed to combustion products the system comprising:

an optical cell having a light transparent top and bottom, the cell so positioned within
the mechanical system to permit oil to flow through the cell while the mechanical system is
in use, the optical cell having a pathlength greater than about 0.5 cm;

means for exposing the top of the cell to light of two preselected wavelengths, one in
the range of about 400 to 850 nm and the other from 875 to about 1000 nm;

light detector means on the bottom of the cell for detecting light passing through the
cell in real-time and on-line;

data processor means for comparing light detected by the detector means to

predetermined values.

10.  The monitoring system of claim 9 including signal means operably connected to the

data processor to provide a signal when the oil reaches a predetermined condition.





