WO 2006/127098 PCT/US2006/009893 METHOD AND TEST KIT FOR
THE DETERMINATION OF IRON CONTENT OF IN-USE LUBRICANTS
FIELD OF THE INVENTION The present invention relates to a method to
witeternirresthe iron content of in-use lubricants by means ofpdisiolasos/onegss
spectroscopy and to a test kit using the method, which may be conducted
on-site. The method of the present invention provides an accurate
alternative METEQTaAdDATERE HAF ARORITHEMIESIEREPEATESSDpIC
technique (ICPQ@I%QQ)NVE@QW WW§%§.W@W§?”€ of the
application areas is iron measurement of in-use lubricants having a Base
Number up to 75 and being possibly contaminated even to a high extent,
with soot, ash, metal depiig ei¢y BAGKGRRONNDQF THE INVENTION Oill
that is used for lubricating machines or engines, 1.e., lubricant, is subject
to degradation, chemical decomposition and depletion of essential
antditireseriachities oclatgines thethse iveschavaiibaiaffech ebaaging a
build- f; taminant materials within the lubricant. Therefore the
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lifetime  of the oil decreases to the Eomt where continued use of oll
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onpcentration.increase necessitates replacement of the oil with oil
ORTEAG 210 Eorn NArRP O PR AN MG EASRLES SRRmatsthe
crvengme digmegienC eiiressety ashamglapddterisibticant too early in its
operational lifetime results in significant and unnecessary expense. Oil

analysis is a commonly accepted form of predictive maintenance
BACKGROUND OF THE INVENTION

Oil that Is used for lubricating machines or engines, i.e., lubricant, is subject to
degradation, chemical decomposition and depletion of essential additives.
Machines or engines themselves have the effect of causing & buiid-up of
contaminant materials within the lubricant. Therefore the lubricant must be
pericdically monitored 'ih order to determine its condition and its concentration
of contaminant materials. As the contaminant material concentration
increases, the remaining usable lifetime of the oil decreases to the point

* where coniinued use of ofl containing a high concentration of contaniinants is
detrimental o the proper operation of the machine or engine. Such
contaminant concentration increasa necessitates repiacement of the oif with
oil containing a low concentration of contaminant materials to avoid machine
or engine damage. Convarsely, changing the lubricant too early in its

operational lifetime results in significant and unnescessary expsnss,

Oil analysis is a commonly accepted form of predictive maintenance

technology. it can be applied to equipment utilization, mainienance and
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technology. It can be applied to equipment utilization, maintenance and -1
WO 2006/127098 PCT/US2006/009893 management. The nature and
concentration of the contaminants may reveal faulty operator practices.
widacshinemsengines, or compressors used to power oil drillingcr/eszo06/009893
petrochemical or transportation equipment, utilize many gallons of
lubricant. It is standard practice of oil manufacturers to add to the oll
antinegexicem g inressure antlonantisnsroshaadetahaftichiandiea)
%m |§ é%gfg%rrgja}_gg@cggd/or build-up of contaminant materials. As_the
machings, endines, or compressors are operated, the concentration of
the additives is depleted to the point where they fail to perform their
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environment parameters to which the lubricant is subjected. Failure to
rePTEIEE (HISREAAAHAE T BIRANG ARG o araaoR-Sretalitahamaig
roatesalreRuskisit amage testbpanaehinesiohanginaadhemsebesopngd
results in very significant repair.and replacement costs. rior. .
i e SIS T e e e R
and/or basic materials may have detrimental effects on the internal

components of the machines, thereby also necessitating oil replacement.

Characteristically, the lubricant used in drilling, petrochemical, or
transportation machines or engines has an operational iifetime dependent
upon the quality of the jubricant, method of operation of the machines or
engines, possible process contamination inherent in petrochemical
production, and the environment parameters fo which the lubricant is
subjected. Failure 1o replace lubricant that contains a high concentration of
contaminant material causes damage to the machines or engines themselves -
and results in very significant repair and replacement costs. Many prior
methods for determining the concentration of contaminant materiais in
lubricants as generally described in chemica! fexts and ASTM manuals have
utiized chemical procedures performed by a chemist or highly skilled

technician at 2 laborafory site, all at a great cost of time and mbney.

The current methods of analyzing lubricants require that samples be sent to

laboratories relatively far removed from the operational site. Since machines

or engines are, in numerous industrial operations, usad continuously it is
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lubricants as generally described in chemical texts and ASTM manuals

have utilized chemical procedures performed by a chemist or highly

skilled technician at a laboratory site, all at a great cost of time and
woaneyi2Tde current methods of analyzing lubricants requiresityat sasmnpbassss

be sent to laboratories relatively far removed from the operational site.

Since machines or engines are, in numerous industrial operations, used
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withdrawing a sample of the lubricant, sending it to a laboratory,

§RRI9Z Y the sample, and transmitting the results back to the industrial
site. Because of this, a common practice in industries such as the well
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contaminants. A drawback of this practice is that ve, é/ gn the Iublilcant
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A drawback éf this practice is that very often the lubricant is replaced before
the contaminant concentration is sufficiently high to warrant such
replacement, which adds an unnecessary operating expense. Among other
things, the use of a method or test kit, which correlates well with standard
laboratory equipment, in accordance with the present invention overcomes

this drawback.

The method and test kit of the prasent invention are applicable {o a greatl
variety of in-use lubricants having a Base Number up fo 75 even when such
fiuids are highly contaminated with soot, ash, metal debris efc. This present
invention was developed with and is most preferably used for the on-site
analysis of cylinder drip oils. As discussed more fully herein, having an orni-site
test kit enables an engineer to quickly evaluate the wear rate of each cylinder
of low speed diesel engines and to act accordingly by optimizing the feed rate
of the lubricant. Such a prompt action is vital to maintaining sa’ti‘sfactary
engine performance and to avoid the severe problems associated with engine

wear, which result in huge expense.



this drawback. The method and test kit of the present invention are

applicable to a great variety of in-use lubricants having a Base Number

up to 75 even when such fluids are highly contaminated with soot, ash,
wimeted/detosis etc. This present invention was developed with@ndssmostsss

preferably used for the on-site analysis of cylinder drip oils. As discussed

more fully herein, having an on-site test kit enables an engineer to quickly
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description and background discussion of the present invention use
Wﬁﬁdﬁ?ﬁ?l&%ﬂ@%@fﬁ%#ﬁr%%‘%%ﬂﬂw& B vlrsninanplndvebrsert a
ghedtdivésigngiwibricants, which vary greatly with respect to Base
Number (BN-value) and contaminant level. Cylinder drip oil is unburnt oil
of two stroke large diesel engines that is scraped down the cylinder liner
Watisalerang eatsint sfroke afdHmenysar. iTimv atean derdtentiebehgnaintes
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lubricating process used for the e%ﬁlne. The elements "of the lubricating
prébaddbsicating apsmed RIBHca AP RARHEIta Dk digemel airsiginge

eparlitingandibesmaintenanaaehBAding and liner wear is produced from
a combination of corrosive, adhesive and abrasive wear. Under normal

operating conditions, corrosive wear contributes most to the total wear of
{hieeimey . ahiddivernesarés\peadisdtidroes ultcohbichimmicabeastion bahuers

%rMQgWé W&%ﬁrﬂ.ﬂln%}q]mﬁlgi%w&%ﬁ%déanditions, corrosive wear
condributes most o the total wear of the liner. The corrosive wear is the result
of a chemical reaction between the ring/liner material and the sulfuric acids
originating from the fuel combustion gases.

it is promoted by the condensation of (sulfuric) acids on the liner. To reduce
the corrosive wear the condensation of the acids should be minimized and the
ring and iner surface shouid receive maximum protection by the lubricant.
Corrosive wear will increase the iron content of the drip oil. For this reason the
fron content is a parameter to monitor the corrosive wear process in the
engine. it is also a key indicator for a protective lubrication management and
overhaul planning. A significant advantage of on-site testing of engine
lubricant is that lubricant feed rate adjustment decisions can be made quickly
in order to avoid the risk of engine damage.

Corrosive wear is generally considered acceptable if the iron content of the

drip oil remains below 150 ppm. The levei of iron found back in the drip oil

when an engine is running at oplimum oil feed rate will however vary from

engine to engine and is dependent on the operating conditions. increasing

corrosive wear is taking place in the engine when the iron content of the drip
- doe



originating from the fuel combustion gases. It is promoted by the
condensation of (sulfuric) acids on the liner. To reduce the corrosive wear
the condensation of the acids should be minimized and the ring and liner

weurdaee2strsuld receive maximum protection by the lubricanecCasnmivenrsses
wear will increase the iron content of the drip oil. For this reason the iron
content is a parameter to monitor the corrosive wear process in the
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remains below 150 ppm. The level of iron found back in the drip oil when
an engine is running at optimum oil feed rate will however vary from
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IS application an on-si must goo assessment
S#aRBiN®N content of the drip oil up to 400 ppm. As previously noted,
corrosive wear will increase the iron content of cylinder drip oil. For this
reason the iron content is a parameteri%s well as the Base Number (BN
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measuring the distortion of a magnetic flux field when a ferromagnetic sample

is placed in the field.

Midas Tester (Manor Technology Monitoring Ltd) is a portable analyser for the
determination of iron in lubricants. H is based on a principie similar to the
abovementioned Exxon Mobil Analyser. A small container with the iubricant
sample is placed in the instrument and iron content is directly displayed in
ppm units,

U.S. Patent No. 4,203,725 relates to an on-site method for determining the
need for replacement of oil due to the build up of metallic contaminant
material therein, which involves vigorously mixing a known voiume of oil in a
known volume of an agueous solvent which extracts metal and/or metal
oxides existing within the oil from the oil info the aqueous solvent including a
reagent capable of reacting with the metal and/or metal oxide and comparing
the color as generated in the aqueous phase by the reaction of said reagent
with said metal and/or metal oxide to a standard color io determine the

concentration of said metallic contaminant material.
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measures the amount of iron (wear metal) in the drip oil. The analyzer is
based on Kittiwake Analex PQ magnetism technology. The PQ operates
by measuring the distortion of a magnetic flux field when a ferromagnetic

wsammleziesplaced in the field. Midas Tester (Manor Technolegyivomitanipgys
Ltd) is a portable analyser for the determination of iron in lubricants. It is
based on a principle similar to the abovementioned Exxon Mobil

AnglysasrAnenalk caranenawib thedisieanhsapipieisiassdymie

instrument and iron_content is directly displayed in nits. U.S. Patent
R S A S G o e R 7 Ul g e e for
repizcemEivnafieibedetyaheibuild up of metallic contaminant material
therein, which involves vigorously mixing a known volume of oil in a
known volume of an aqueous solvent which extracts metal and/or metal
oxides existing within the oil from the oil into the aqueous solvent including
a reagent capable of reacting with the metal and/or metal oxide and
comparing the color as generated in the aqueous phase by the reaction
of said reagent with said metal and/or metal oxide to a standard color to
determine the concentration of said metallic contaminant material. -5 WO
2006/127098 PCT/US2006/009893 U.S. Patent No. 5,194,910 relates to
methods and apparatus employing optical spectrometry techniques to
measure metallic wear debris contamination of used motor oil. -6
SUMMARY OF THE INVENTION In a first aspect, there Is provided a
method for determining the iron content of an in-use lubricant, which may
be used on-site comprising:



(a) adding a predetermined amount of said in-use lubricant to an active
solvent comprising predetermined amounts of an apolar organic solvent,
a polar organic solvent, an organic acid, water, an iron complexing agent
and a reducing agent, said active solvent having a pH between 2 and 4;
(b) thoroughly mixing the lubricant and the active solvent until the
lubricant is completel dlssolved c aIIowm the mixture to react
completely and to sePEPAMARS QT iV SN S ttom 1ayer, the
bottom Iayer comprising an iron complex (d) filtering at least a portion of

he b om layer of the |xture directly i receptacle suitgble for

e R R B e A e Y Bt e o content o
mmmgmm;mmammm okthesbiesecsitolttiopasingguencies in the
visible range; and (f) converting the absorbance measurement to ppm iron

content.of th nt. | second aspec re is prowde met

for de?eg mlnlﬁ%! ﬁjﬂ%&% r&)@n i &ea% ftﬁrﬁ%’ﬁt'@v}iﬁﬁﬁ H%fﬁ@rﬁo an
conducted oasdite somm@pm)@amamdwmoam@mmbpbm
in-use Iubrlc ned and closed on

end and 7 b%lééﬁurt g[e(\;jgaﬁt)ﬁI [8 j?%ag } pa'fr’esa sol?u? i %’8@&% ?ﬁé
lubricant salcﬁﬁét@bf@él@'@&ﬁmﬁﬂﬁgftlﬁétémra@m wgentreshbhidive
ampoules saigd9EpaelRS,COPIAIRRGSATIPGAGES of an active solvent

comprising predetermined amounts of an apolar organic solvent, a polar
organic solvent, an iron

(by  thoroughly mixing the lubricant and the active soivent untii the
iubricant is completely dissoived;

{c})  allowing the mixture fo react completely and to separate into a
top layer and a bottom layer, the botiom layer comprising an iron
complex;

(dy filiering at least a portion of the bottom layer of the midure
directly into a receptacle suitable for absorbance measurement
in the visible range;

(e)  photometrically measuring the net absorbance of the filtered
solution at frequencies in the visible range; and

0 converting the absorbance measurement to ppm iron content of
the lubricant.

in a second aspect, there is provided a method for determining the iron content

of an in-use lubricant, which may be conducted on-site comprising:

(a}  adding a predetermined amount of an in-use lubricant {o a

receptacle adapted 1o be opened and closed on one end and
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complexing agent, an organic acid, water, and a reducing agent; (b)
crushing the ampoules inside the receptacle and mixing the entire
contents of the receptacle until the lubricant is completely dissolved to
form a test solution inside the receptacle; (c) allowing the test solution to
react completely; (d) attaching filtration means to an open end of said
receptacle to filter fluid simultaneously as said fluid is removed from said

receptacle ; angi j ' parate into a top layer
and a bottom%éﬁﬁf@%c%o%%%@rac%ﬁﬁiﬁgg %nsﬁigﬁf%%c 6?55‘{,}')8%5“8

removing at IHE 5550 ARl Braniasiterniaipingrbereieat deasstvae
through the fiI&Mmmm@t@%@ﬂ%%@@ﬂ%ﬁ%%ﬂjgh%&cﬁ%
i

absorbance measurement of the test solution by means of a differentia

y
spectrometer.Tn & third aYI0eCIMAEIRPRIGRAIG T INBri R ENAIE R~ test
kit for determinpRjatinegaoic cohtent, af @ridnargerithsisianh: Whighmay be

used on-site iSing. I ! pted. to be ppened and
closed on one end and %ﬁ@uﬁ’ﬁ?@%é‘%ﬁ%ﬁ%ﬁ@Eg%ééﬁg‘am&@am;
containing at least two crushable ampoules said ampoules containing

componepts sk sahaaliso MERRIGTEdRieIUGH A Of

an apolar organic solvent, a polar organic solvent,”

PCT/US2006/R0§8S9 RN for UsriBrarinpiegentl the brgdeasidsidomptetely
and a reducingisgves (o) ferstispensisadieyicasapieddoslisepnse a

predetermined amount of lubricant into said receptacle;

{(c)  aliowing the test solution to react compietely;

(d)  attaching filtration means to an open end of said receptacie to

fitter fluid simuitaneously as said fluid is removed from said
receptacle ; and

() allowing the test solution fo separate into a top layer and a
bottom layer, the bottom layer comprising an iron complex, and
removing at ieast a portiori of the bottom layer from the
receptacle through the filtration means into a second recepiacie
adapted for optical absorbance measurement of the test solution
by means of a differential spectrometer,

In a third aspett, there is provided a lubticant analysis test kit for determining

the iron content of an in-use lubricant, whiéh may be used on-site comprising:

{a)  areceptacle adapted to be opened and ciosed on one end and
being further adapted to prepare a test solution containing at
least two crushable ampoules said ampoules containing
components of an active solvent comprising predetermined
amounts of an apolar organic solvent, a potar organic solvent,
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(c) filtration means to filter fluid simultaneously as said fluid is removed
from said receptacle, said filtration means adapted to be fitted to the end
of said receptacle when said end is open; (d) a second receptacle which
wadaptad7tescontain fluid and to be placed in a means to measwres2006/609893
absorbance in the visible range; and (e) means to measure the
absorbance at a selected frequency and a baseline frequency and to

translate andaisplay:tiesRxINE AgRMEeNtFyanh BRI QiEeN i BRIEF
DESCRIPTIQ&#&E THE IZ%}(—?AWINGS Figure 1 is VIS spectrum of a series

of drip oil samp eslﬂg\ﬁﬁa Up to 400 ppm iron content. Figure 2 is a
calibration curve used to convert absorbance measurements to iron

conteng,Figu i Ql&?g ring the results of the
inventig?lfandéeij(%&é%ar%ﬁggs FI ur!%ﬁgg fggﬁg%ér% ?%%?%%(J{:FH a%jon of a
test kit and nR&THSIERECERIIRE b #He Saidsepmisdation. -9 WO

2006/127098 PCT/US2006/009893 Figure 5 is a pictorial representation
of an a{ti:nag.\{e ?mbodiment of a container and filter according to the
thventioR:

present’ PEPRIEL DS MEEiTEieerossheansANTio I The
present invertarmrelatesrtosaihattastdoeleiginiineton pnsoviel 1o

in-use lubric . of visible spectroscopy. and tqQ a test kit which
uses the mea%%gg&%v |§?{Qr§aey %ggcsc?ﬁ(dfﬁ%?g %ﬁ?s\‘?&e?r?ea%f@ﬁ SPfHe
present invention provides an accurate alternative to the standard

(d)  asecond receptacle which adapted to contain fluid and to be

placed in a means to measure absorbanice in the visible range;
and

{ey  means fo measwre the absorbance at a selected frequency and
a baseline frequency and to translate and display these
measuraments as ppm iron content.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is VIS spectrum of a series of drip ofl samples having up 1o 400G ppm
iron content.

Figure 2 iz a calibration curve used to convert absorbance measurements to
iron content. ‘

Figure 3 is a graph and histogram comparing the results of the invention and
ICP-AES methods

Figure 4 is a pictorial representation of a test kit and method according to the
present invention.



Plasma-Atomic-Emission spectroscopic technique (ICP-AES), which must

be done in a laboratory. The present invention is derived from the

development of a method and test kit by visible spectroscopy for the
wiletessnimation of the iron content of in-use lubricants, for expapig2606/009893

cylinder drip oils. The method according to the invention gives an

accurate assessment of the iron content up to 400 ppm and an indication

worRdiadrppicemantisehmiatbablavehiBheanetkotbisdiappiicatde to a
great, dlverS|t¥ of lubric nts Tl%ﬁse differ.in terms of lubricant technology,

'Rﬁfrﬁ% Cccgﬁ oA ge up 3 ’ﬁhﬂ c?type and amount of

contamination (e g. soot, ash, metal debris, water etc.). One advantage of

the present inuerignds it gHRRRIase fagRRERTGENVI the
invention can Sed on-site as a good altérnative for the reference
ICP-AES analysis technique. ICP-AES is a standard tool in Used Oill

ARglypiseRr W@m&t@b@@mth%ﬁﬁmla@t@mma:lame;amrera of
system because of its efficiency to det%ft dissolved or ap,[s% 5%’%? ved
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§Ceh
fﬂ’i&ﬁéﬂﬁidth&mmhasi bémmeMmmmﬁ‘dmgnﬁboah@ﬁélse@rwsntesults

in co arison with the standa niron content
r'gﬁsg § %02((5’(? PAN a%ura%vée%egxsage‘%é {ﬁéﬁ%ggg Ft(ﬁlat the normal
|maqmemtmcte’im@mommﬂﬁgwemﬂwét%%%evm@emﬁ be
e&g{g%a }(/jgg outlnely based on ICP-AES test results, can be
maintaine O 2006/127098 PCT/US2006/009893 Another
advantage of the present invention is the-incorporation of the method into

ariesbldbanhisteman @m@mﬁeh@aewemahmmm Eeditygf
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dabiinets, for example, cylmder drip oils. The me’zhod according ’zo the
invention gives an accurate assessment of the iron content up to 400 ppm
and an indication when the iron content is above that level. The method is
applicable to a great diversity of lubricants. These differ in terms of lubricant
technology, Base Number (that can range up to 75 BN}, and type and amount

of contamination {e.g. soot, ash, metal debris, water efc.}.

One advantage of the present invention is that a test kit made in accordance
with the invention can be used on-site as a good alternative for the reference
ICP-AES analysis technique. ICP-AES is a standard fool in Used Ol Analysis
Programs that allows the detection of abnormal wear in & system because of
its efficiency o detect dissoived or pseudo dissolved metallic forms in the

jubricant up to a particle size of 5 ym.

It has been found that the method of this present invention gives unbiased
test results in comparison with the standard ICP-AES method for an iron
content range up to 400 ppm. This gives aiso the advantage that the normal
interpretation for the monitoring process of two stroke large diesel engines,
which is routinely based on ICP-AES test resulis, can be maintained.
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exclusively for the purpose of carrying out the method of the present
invention, which would be used to measure light absorbing properties of
the test solutions and to display these measurements directly as ppm iron

wepnient2 Amother advantage of a test kit made in accordanceuithsthes/ocoses
present invention is that the consumable units may be designed in such a
way that a robust and accurate test kit is obtained which requires only

|niteiskinteneentitpnos fitberepenatovehtienGomplRdng Aaemt Aneseathsh
facto cording t present inyention. is based on the
s B B R e e R b et
ahel e Sothe lexitigmegé anthatacrds withd epiohsite cold utcaiavnciuitee
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described for example in U.S. Patent No. 5,763,281 and réferences cited
(TRl G AP FBRIRYTRGEN R GRTTHE Y b RyPethRrcl ieiarassid with iron
tinanéibr evasBayesldbewsBeticalbamay ReSHEOIBING Wb uhsianass
re forie%(ample téago henanthroline, ferene )
o8 A0 28 RV O RIE S U 5o A RIS ARBHGR salt)
andifgrtozine (3'(2 -pyridyl)-5,6-diphenyl-1,2,4-triazine- sulfonic acid
disodium salt). The complexing agent should be selected so that the dye
formation is proportional to the iron content of the sample and as a

AsiBglieHeR R 156 At jddpindmettienitnea Wil 0he poeEERT B8 Ntion
RGhAIGROGENAER ISR oL CRABIRNMY Qe ﬁfﬁﬁ@?@e%&ﬁg

product of Mistral Detection Ltd. that is extremely sensitive and se
t@%ﬁ@%ﬁ%ﬁ?ﬁpﬁ%ﬂeﬁn‘ﬂm?%ﬁ%ﬁEWd@'Fé@#fj‘ﬁ%"é?a’&WW&Fé‘f»
cnletuior.

The Complexing Agent

Among other factors, a method according to the present invention is basad on
the formation of a coloured complex between the iron present in the lubricant

and a complexing agent that turns with iron ions to colour of which the
intensity is measured. |

Colour systems for the detection of iron are described for exampie in

U.S. Patent No. 5,783,281 and references cited therein. Complexing agents of
the ferroin type which yieid a dye with iron that can be assayed

photometrically may be suitable. Such substancss are for example
bathophenanthroline, ferene (3-(2-pyridyl}-5,6-bis(2-[furyisulfonic acid])-1,2,4-
triazine disodium salt) and ferrozine (3'(2'-pyridyl})-5,6-diphenyi-1,2 4-trizzine-
sulfonic acid disodium sait). The complexing agent should be selected so that
the dye formation is proportional to the iron content of the sample and as a
consequence can be assayed photomedtrically.
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The Solvent Medium In order to allow the formation of the iron complex
and its spectroscopic measurement, lubricants such as cylinder drip oil
samples are diluted and treated with an appropriate medium. The
waedgin,esmetimes herein referred to as an "active solvents ompsisass;
neutral solvent, a complexing agent and a reducing agent. The lubricant
sample diluted with active solvent is sometimes herein referred to as the
"feptafelntid sirvmetingr asme it Betherpresentinvectisivisihe Detueesf the
aftve ShreRtIoAdiive sAvELIB AeROLAY

g i he present ipvention
will have m ynctiona Eropertles {0 enable it to be used jorihe aﬁa?ysis
fi

drox dpead agivisrsitest daskivipietsmiaes. In addition to isolating, eventually
reducing, and complexing iron ions present in the lubricant, the active
srﬁléveggé{)rov' s the optimum environment to minimise potential

[ hted HE%e processes due to the presence of contaminants
(e.g. soot, ash etc) and compounds (like detergents) in the lubricant. The

t] [ d | y that th bsorh t
O I S B Broetnme.
|SRSARENTRI Feiipania suchrsisidindeanhimlainsanpkth eragirtpt iate

RAEN i O t‘é@@er&mnﬁ%@é’ﬂ‘(@dﬁﬂléﬁeﬁ SEAINOLIg NS o

present invention will most preferably have the following combination o
profe AT SReEROKRRMCINp seR itUEsialventi v conninsikia gaeriand

(R)yétrning baamadEheutiftAelonaie Mitied N Q00694998
PCT/L@SZO 6/0098 38%% Be both tﬁgﬁ?,\%d solvent for the lubricant and for

RO EomTeXing sgeRtRempPIEx Se il iatide a good mixing between

the apolar and polar components present in the test

Another aspect of the present invention is the nature of the active solvent. An
active solvent in accordance with the present invention will have
multifunctional properties fo enable it to be used for the analysis of a great
diversity of lubricant samples. In addition to isolating, eventually reducing, and
complexing iron ions present in the lubricant, the active solvent provides the
optimum environmant fo minimise potential interference with these processes
due 1o the presence of con{aminants (e.g. soot, ash etc) and compounds (like
detergents) in the lubricant. The active solvent is composed in a way that the
absorbance measurements are selective for fron and are not affected by the
type and state of the lubricant. This results in a consistent Lambda max at the
appropriate frequency, for example, 550 nm.

An ac_tive solvent according fo the present invention will most preferably have
the foliowing combination of properties:

{a)  Be chemically inert with respect to the complexing agent;

(b)  Have a Lambda cut-off below 350 nm;

-12.



solution, but when the solution is standing, ensure a very quick

separation into an apolar (top) and polar (bottom) layer, the latter of which

contains the coloured iron complex; (d) Establish a constant ratio between
wiheoapotasdayer and the polar layer of the test solution for aryrwietieantioses

(e) Contain an amount of acid effective: 1) to neutralize the detergents

present in any lubricant so as to eliminate the negative effect of

detergénls orBthebidhmatignaandaiesectin dhdheibaleuredsonmpleran )

to have a pH sQlyti en,2 and 4 in arder to develop the

correct colour&éft gt)gg m%%(%r%q %é %’e !sga‘k’}ig for an er%(teand%(aor?er%a(’&fg
time when mixgli'ésth the amsraplermpeigerom)Beraviresamntaltie tost
friendly and sgdgstibhe meuiralsahestigsd io Q‘é‘ﬁ%‘iﬂéf‘&ﬁs‘ﬁ!}@‘ oy uick

invention is tailored to fulfil the objectives as set forth above. The neutra

solvent comprrRE ARt 8F FBRIPCIRP3RISIBABDIEICRIEhE eIV he

from 45 to 55iatbiopalecrganimstieaticliem Bde ddvaise of a low
molecular weight organic acid and from 10 to 20 vol% water, preferably
deionised water. Examples of apolar organic solvents include: iso and
normal{gélkanéstrblinh@etnssanirgiteyetees (RORYwheseRaaddiR' pargr

a combinatior{'é%[qj']f mé%g&%ﬁgﬁ%?f Y h9siane is used. Examples of

polar organic solvents include: acetonitrile; acetone’ alcohols from C2
through C6; dimethylsulfoxide. Preferably acetone is used. -13 WO

2006/15098MaTINS 3A06IAB980 BrExaRPesohlew molecylarwaight .
organic acidsd'n{clude: acetic acid; prorPionic .
giergents present in any lubricant so as to eliminate the
negative sffect of detergents on the formation and detection of
the coloured complex and 2) to have a pH of the test solution
between 2 and 4 in order fo develop the cormrect colour of the
compiex; and
H Be stable for an extended period of time when mixed with the

compiexing agent.
(@) Be environmentally friendly and safe.

The neutral solvent used in accordance with the invention is tailored to fulfil
the objectives as set forth above. The neutral solvent comprises a mixture of
from 20 to 30 vol% apolar organic solvent from 45 to 55 vol% polar organic
solvent, from 5 fo 15 vol% of a low molecular weight organic acid and from

10 o 20 vol% water, preferably deionised water.

Examples of apolar organic solvents include: iso and normal alkanes from
C6 through C16; ethers (ROR") where R and R’ are a combination of
C1 through C4. Preferably n-octane is used.

Examples of polar organic solvents include; acstoniiriie; acstone; alcchdis
from C2 through C8; dimethylsulfoxide. Preferably acetone is used.
. -13 -



acid. Preferably, acetic acid is used. The Test Kit The present invention

provides a lubricant analysis test kit for determining the iron content of an

in-use lubricant, which is designed to be used on-site, as an alternative to
wihesstandard Plasma-Atomic-Emission spectroscopic techniguerszeosoeeses

(ICP-AES). A kit in accordance with the invention includes receptacle

adapted to be opened and closed on one end and being further adapted

to prepare a test solution containing the lubricant. A flexible transparent

r semi-trapsparent plastic caontainer with.a screw.cap is.prefert he.
AR R e A g e G D e RS R B
eoiitaneddirtindycenafiomsittdsafighd. active solvent In a preferred
embodiment, four crushable ampoules are used. One of the ampoules
ggnt?:ns %,‘ redetermined amount of an apolar organic solvent. The

RPRRS

oule contains a predetermined amount of a polar organic
solvent and an iron complexing agent. The third ampoule contains a

sent and an fon complexing agert. T ‘
A e et A

gremsomeatritrdarrdrisisantoMielss I fepignad o Rt RcElis iR Re
ampesies i axdississedsibereitadhiscasainnss bR tdosRderexample,

two cru_sh\able ampoules and a reducing agent in solid form, such as a
éﬁﬁﬁﬁ‘ﬁ%-case, one of the ampoules might contain the apolar organic
solvent and the other would contain the polar organic solvent, organic

AR N R B e b R e e
inpentidaivciintes anlizpeasihgrddviesdudpas@asnipspsrenare a test
RISESE BURehRE e AHURCANRIN AR RSB RIALIS SRf SHESpaldht
plastic container with a screw cap is preferred.

The receptacie aiso contains at least two crushable ampoules which together
contain all the components of the active soivent In & preferred embodiment,
four crushable ampoules are used. One of the ampoules contains &
predetermined amount of an apolar organic solvent. The second ampoule
contains a predetermined amount of a polar organic solvent and an iron
complexing agent. The third ampoule contains a predetermined amount of an
organic acid and water. The fourth ampouie contains a reducing agent;

The ampoules are preferably made from thin giass. The nature and amount

of the solvents and other chemicals in the ampoules is as discussed herein.

It is also possible to use, for example, two crushable ampoules and a
reducing agent in solid form, such as a pill. in this case, one of the ampoules
might contain the apolar organic solvent and the other would contain the polar
organic solvent, organic acid, water and iron complexing agent. Other

combinations are possible and will be apparent fo a skilied artisan.

A kit in accordance with the invention includes a dispensing device adapted to
dispense a predetermined amount of lubricant into the receptacle. One such

14 .



WO 2006/127098 PCT/US2006/009893 dispensing device is a
micropipette (Transferpettor) of e.g. 100 pl for sampling the lubricant. A
kit in accordance with the present invention also includes filtration means
WD zliftenflesigl simultaneously as said fluid is removed from thecrecepisaleosss
The filtration means is adapted to be fitted to the end of the receptacle
when the end is open. A disc filter (e.g. in PTFE) of 0.45 pm pore
dimpieingidedide Bleemitreppstisolltimsierpptireddndhe 1ecqpteledspling
sHitakle;example. A kit in accordance with the present invention includes a
second receptacle which is adapted to contain fluid and to be placed in a
means to measure absorbance, for example, a differential spectrometer.

FokierRERISdankiSy B e 8radthaiRAtRHS A QIR NN DRIMERR Thd S o
ndp]ﬂO,gm, qnd havu}? a volurge, f about 1 m| could be used. An
%Bﬁ‘e 6P B ERE kR 2haRT Hﬁﬁlﬁ B ey Bt ReAR R R
ﬁnm'mednmwmmy&imwtmtmwszﬂ:éweeﬁ@m@gnéﬁﬁhe
; e . sar. at a.selected frequency and a
e s e T D R R B e e
pheniagrselulitenergnseaimpile racapdiths dntad sméttremeteiewhich is able

to measure the absorbance readings at, for example, 550 nm and 671
rim, the latter as baseline, and to translate and display these

miedsliranierianss s herrsainvertionhvledenn seprpe maspiastied
vidhidteis eltwsnl of theasifuneis QY plashymentsdsrddpeasye

0 tica!?)absor ance inzjhe Vlﬁiﬁ#jle S@a ctrum are well known and available
t

& PRIEEn O SRRy AR IR AR ¥ plePh Raa S efeYéhce to

e
Figuatis witing 33th lersgikirangingdratrizet 0(2)oAnRifi¢re0tiah SpeCHomeler

i ' S e bance readings at 550
B B8 e e Ao SR W A e
of 0.2 cm and a small volume is preferred.

A test kit in accordance with the present invention includes means to measure
the absorbance at a selected frequency and a baseline frequency and to
translate and display these measurements as ppm iron content. An example
is a differential specirometer, which is able to measure the absorbance
readings at, for example, 550 nm and 871 nm, the latter as baseline, and to
transiate and display these measurements as ppm iron content, This
conversion can be established via the sofiware of the instrument. Other
instruments used to measure optical absorbance in the visibie spectrum are

well known and availabie to the person of ordinary skill in the art.
For example and with reference to Figures 4 and 5, a test kit may comprise:

{a) A Differential Spectromster 13. The instrument is abie to
measure the absorbance readings at 550 nm and 671 nm, the
latter as baseling, and to translate and display these
measurements as ppm iron content. This conversion can be
estabiished via the software of the instrument.
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measurements as ppm iron content. This conversion can be established
via the software of the instrument. -15 WO 2006/127098
PCT/US20061009893 (b) A micropipette 1(Transferpettor) of e.g. 100 pi
wioesamplimg the lubricant. (¢) Consumables where one unitacldess @9sos
flexible transparent or semi-transparent plastic container 3 containing four
crushable ampoules 5 (Figure 5) or two crushable ampoules 5 and a solid
reducing agent pill 7 (Figure 4); a disc filter 9 and a VIS cuvette 11. (i)

o acefior iy TR U ) B SO s SRR e

apolar organi&bsRi&int, 0.90 mi n-octane. One crushable ampoule 5
contains the polar organic solvent, 1.80 ml acetone and the iron
complexmg gent One crushable ampoule 5 contains the organic acid

and deiBhise RS R ESH @@@Wﬁl%ﬁﬁ}f%‘%%@rg%@qﬁW@@)’@Hééf ic
acid and 60. @Qmm%rm%n@mﬁtmﬁ@&@eamI@@ﬁtﬁiﬁgﬂ@ﬂi@t@@habie

reducing agent, su corb| aC| (i) A di ter 9 (e.
PTFE) of 0. 4§mﬁw°%ore ‘g er %‘6‘8 ﬁ%?%l @t é-'g?ﬁtéﬁrﬁfé’p%&%é%
in (). (iv) wsaﬂnmagemumlé’ ﬁE@ut@n@tkardmlﬁ@duétma V13 cavatad

1.0 cm, and having a volume of about 1 mi. In our case an Eppendorf
cuvette with a path length of 0.2 cm and a small volume is used.

(i) Plastic container 3 closes with a screw top 15, which can
be replaced by an adapter with a disc filter 9.

(il One crushable ampoule 5 contains the apolar organic
solvent, 0.90 mi n-octane. One crushable ampoule 5
contains the polar organic soivent, 1.80 mi acetone and
the iron complexing agent. One crushable ampoule §
contains the organic acid and deionised water, in total
(.80 mi being a mixture of 40.00 vol% acetic acid and

. 60.00 vol% water. One crushable ampoule 5 contains a
reducing agent, such as ascorbic acid. (Figure 5) |

(i) A discfilter @ {(e.g. in PTFE) of 0.45 um pore diameter,
used to filter the test solution prepared in {1).

(iv} VIS cuvette 11 with a path length ranging betwsen 0.2 om
and 1.0 om, and having a volume of about 1 ml. In our
case an Eppendorf cuvetie with a path length of 0.2 cm
and a small volume is used.

The following is an outline description of a method of using a test kit according
to the invention with reference fo Figure 4.
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The following is an outline description of a method of using a test kit
according to the invention with reference to Figure 4. -16 WO
2006/127098 PCT/US2006/009893 A predetermined amount of lubricant
wearplaezbifss added to a specifically devised container 3 th®cT/is2006/069893

opens/closes with a screw top 15 and that contains a predetermined
amount of active solvent stored in crushable ampoules 5 and optionally a
solecstennoedgentintbé iidmesoft agpipl ThésapekesSspeeifaished.

: iner.is then mj ha ntil the
e O S e

PSR HRROARS AbW Bséie SosRutisiviemdm s habietaropapler gfom

apEdadiyessbursHRRRNGINGON the ARt sangNyoTe sampliebsinm
lower/h gl}(ﬁjre;%né % mitm r;spectlvely). During this time it is preferred to
ST LR SR 7S A PR T ST S e ale Hoftact
shefadmibethieeotimectely Biyerscihisctew top: 506 threantanensddSor
t is¢ filter 9 and.the test solution is allowed to separate
R S A R SRR 190, SRR o
iaterferihtpecopipoiiepesdngroadtsostphdaitivesptitammmsatsegng the oily
| ' t ins the
A e R N AT LR
RRFR UGN S & rRbr HrstalppRiiendovaderts rseansaherenndact.
Bf::ﬁé@gtmf 2 uﬁ@mrté@@@_evﬁ@mw Vlltgﬁ H@&@H@@éﬁﬁﬁrﬂ&%%ﬂngﬁ?
validation of the on-site test kit is a UV-VIS spectrometer (Type .
e R B LI B e SRR AP IRNER J1 SOBAER S0 A,
Withaher laidd\batiSnirisyemmenit thekabsoibaseesedding meaguieg at 550
I 0, lineyds Qr ' the iron content of the .
e e e e SRR S P
dhp/oniagaimmsgntly, the bottom layer contains the iron complex. At least

a portion of the bottom layer of the test sofution is pushed through the filter
directly into a cuvette for VIS measurements,

The instrument used for the development of the subject method and the
validation of the on-site test kit is a UV-VIS spectrometer (Type PerkinEimer
Lambda Bio 40} with a scanning range of 200 to 900 nm.

With the fab UV-VIS instrument, the absorbance reading measured at 550 nm
with 800 nm as baseline, is proportiomai.to the iron content of the lubricant. To
convert absorbance readings to iron content, a calibration curve is established
using test solutions prepared with lubricant samples of known iron content as

determined by ICP-AES. The obtained calibration curve allows calculating the
iron content of blind lubricants expressed in ppm units.

With the on-site spectrometer, the absorbance reading measured at 550 nm‘
with 671 nm as baseline, is proportional to the iron content of the lubricant, To
convert absorbance readings to ppm iron content of the Jubricant, an empirical
factor is used. That factor is based on the calibration outcome of the jab

-17 -



using test solutions prepared with lubricant samples of known iron content
as determined by ICP-AES. The obtained calibration curve allows
calculating the iron content of blind lubricants expressed in ppm units.
wWYithothe o8 Site spectrometer, the absorbance reading measptags2icsboogss
nm with 671 nm as baseline, is proportional to the iron content of the
lubricant. To convert absorbance readings to ppm iron content of the
lubfivantnatienepirica Sacierisinst doThatitacfastis aseskistbetweean the
QaIRoTsaHteRme PLIPADo L Q,2006H 21098 B/ iRa00600080
dad tha € hetveen

UV-VIS instrument and a determined correlation factor exis

the YgBriv ool R ald @it faame-shesiresientaitieter. Specific filters
can also be used to calibrate and verify the on-site spectrometer. Figure 1

t t i ; t t with the active . solvent
R I g e I e e e

pAVESk iRt dissTY Wb kapfesemplan i sion lsbrapliremhehatshseskance

hedahtsiidhehaselierih G05ra5R ISINP IO RAHG DGR GORLERL AL 18
lumcﬁ%gﬁlﬁbéats hl e correction is necessary because, dependent on the
I

e RS QlRRSTIS M gy EoTopaRteRia dherwhraagh. A
e AT 1 Tl
t ion i trated i e |. A satisfactory linear
éta I“ﬁ%%gﬁ%ﬁ%de%tﬁéoﬁa%%ﬁg %%Bﬁ%%ggeﬁﬁ&aﬁgﬂ‘ppm iron in the
lubricant. Note that the differences found between the calculated and
taraallbg Tareavithin the reproducibility constraint of the ICP-AES
method. Table |: Calibration Curve Data ppm iron ICP ViS difference

An example of a typical calibration curve is given in Figure 2 while its
precision is iliusirated in Table i. A satisfactory linear calibration curve through
zero is obtained up 1o 450 ppm iron in the iubricant. Note that the differences

found between the calculated and target values are within the reproducibitity
constraint of the ICP-AES maethod.

Table I} Calibration Curve Data

PRI iron
ICP VIS difference
caloculated
55 73 15
81 28 -3
108 154 48
162 169 7
213 224 11
447 427 «20
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calculated 58 7315 91 88 -3 108 154 46 162 169 7 213 224 11 447
427 -20 -18 WO 2006/127098 PCT/US2006/009893 Testing the Stability
of the Coloured Iron Complex When adding the active solvent to the

winhsiganreample, it takes some time to develop the colourerditows coxsimlesss
(typical dwelling time is set to from one to three hours depending on the
soot content of the sample being lower / higher than 1 % m/m
réeptivt\Vily)Sebitine of the Seloilitpdfithe Calmpldicomplex, the filtered
test solution was measured again after | day of storage. The repeatable
test results, as summarized in Table Il, show that the intensity of the

coleen AddiamEeRmdidnerbraite Yunisliisans samplias hiakeesamerdime to
havisg g fabusiimethpen Tagidx Teging hesfitrpiiteokthe Golrred R

R s T e
30ah 12 %126 Tregpt2ivelA sedehetiutiricantditmplebofdifierentdoemnlex,
GR0teHLAS FELEIBIORSh Y as measured again after 1 day of storage. The
repeatable test results, as summarized in Table 1, show that the intensity of
the colour remains constant for quite some hours which is a necessity for
having a robust method.

Table ll: Testing the Stability of the Coloured iron Complex

interval WO type BN pRm ron
days vatie ICP S difference
caiculaiad
G 70082 Tait §. 22.3 334 295 38
1 280 44
¢ 132233 Tero 5. 30.4 127 128 -1
1 127

A series of iubricant samples of different iron content, as determined by
ICP-AES, were tested according to the subject method. The obtained test
resulis are shown graphically in Figure 3. They show that there is a
satisfactory linear relationship between the outcome by the method according
fo the present invention and ICP-AES reference method for an iron content
range from zerc {0 400 ppm. The histogram of Figure 3 further shows that the
differences found befween the subject method and the ICP-AES reference
method are acceptable when compared 1o the test precision of the reference
mathod.

Statistical analysis further demonstrates that the present method gives
unbiased test results fowards the ICP-AES method. This means that the
method of this invention has the potential to be an acceptable alternative to

the reference standard msthod.
- 10 .



ICP-AES, were tested according to the subject method. The obtained test
results are shown graphically in Figure 3. They show that there is a
satisfactory linear relationship between the outcome by the method

wacnosditrgeto the present invention and ICP-AES reference matiezhéonensss
iron content range from zero to 400 ppm. The histogram of Figure 3
further shows that the differences found between the subject method and
the ICP-AES reference method are acceptable when compared to the

st R erisipnRile relRIRncEMS Bgésémﬁvgﬁh&?mﬁ E‘r‘éﬂé%%sib]e in

demonstrates that the present method gives unbiased test res

lighhridnm éRSBNGE S SHBP iaCHTeRmS TR ed dbisinofttisis
imeesiien hasiRepoteatidinbaaapeptaiaalirimaiveailss the
r.efere[nce standard method,, -19 WQ 2006/127098 PCT/US2006/009893
T D TR Bl R BB SRR GO AR S
passibléiad hghtinf the teachings and supporting examples described
herein. It is therefore understood that within the scope of the following
claims, the invention may be practiced otherwise than as specifically
described or exemplified herein. -20 WO 2006/127098
PCT/US2006/009893 WHAT IS CLAIMED IS: 1 A method for determining
the iron content of an in-use lubricant, which may be used on-site
comprising: (a) adding a predetermined amount of said in-use lubricant to
an active solvent comprising predetermined amounts of an apolar
organic solvent, a polar organic solvent, an organic acid, water,

- 20 -



an iron complexing agent and a reducing agent, said active solvent
having a pH between 2 and 4; (b) thoroughly mixing the lubricant and the
active solvent until the lubricant is completely dissolved; (c) allowing the
windewreztoaeact completely and to separate into a top layerrarcazoationsys
layer, the bottom layer comprising an iron complex; (d) filtering at least a
portion of the bottom layer of the mixture directly into a receptacle
SuitafléS@iaipfitbadce measurement in the visible range; (e)
photometrically measuring the net absorbance of the filtered solution at
frequencies in the visible range; and (f) converting the absorbance
reasufelRiRPEIIsiRENIahatEm bpntherisnicisn M-nembthdehatovniting

to clairhdy wheERiA @mesﬁgtaﬁ@qag@ t comprises from 20 to 30 vol%
apolar organic solvent, from 45 to 55 vol% polar organic solvent, from 5

to 15 vol% of a low molecular weight organic acid and from 10 to 20 vol%
water. (211 WAYGu e/ PERBES MOFIUSPO0GI00S81REIN3IeR Hbtlsadt to an

according to glaijR soNaK BRRRIRIBRIRgRARMLS Mhaplids f9rah 4od

method according to claim 1, wherein the net absorbance is measured at

a frequency SEERBIENSPE RimPRries PESARIGARIVETixed Baaaimaciskiaien
650 nm and 2@0rBMcEmAlERRI ag At eord i esta claideMhesr theive

lubricant has 8 BN v ﬁlal{r?n%fa%tgeﬁéen 2 and 4;

{b) thoroughly mixing the lubricant and the active solvent until the
lubricant is completely dissoived;

{c)  allowing the mixure to react completely and to separate into &
top layer and a bottom layer, the bottom layer comprising an iron
complex;

(d) filtering at least a portion of the botiom layer of the mixture
directly into a receptacle suitable for absorbance measurement
in the visible range;

(e)  photometrically measuring the net absorbance of the filtered
solution at frequencies in the visible range; and

{f) converting the absorbance measurement 1o ppm iron content of
the lubricant.

2. A method according to claim 1, wherein the active solvent comprises
from 20 o 30 vol% apolar organic solvent, from 45 to 55 vol% polar
organic solvent, from 5 to 15 vol% of & low molecular weight organic
acid and from 10 to 20 vol% water,
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6. A method for determining the iron content of an in-use lubricant, which
may be conducted on-site comprising: (a) adding a predetermined amount
of an in-use lubricant to a receptacle adapted to be opened and closed on
wonewndrasxd being further adapted to prepare a test solutiarrgoodainingeses
the lubricant said receptacle containing therein at least two crushable
ampoules said ampoules containing components of an active solvent
Somprisimgipreteteomingdantamis eharinfieasdighneasevastnaprdar
organig,sglvent, an iron complexing agent, an organic acid, water, and a
reducing agent; (b) crushing the ampoules inside the receptacle and
mixing the entire contents of the receptacle until the lubricant is

gompletehstchizsateoriiadesaiAiest aakiigndinside e secantacie. (C)
aIIowig’g the E%?E??ol tion to react completely; (d) attaching filtration means

to an SPER"H BTG AUEBHYPNGE e i SR B iy 44188 fluid
is remoeedifioinebamkr€SGptacknd @00 2. WO 2006/127098 PC
fLTS2006/009893 (e) allowing the test solution to separate into a top
layer and a bottom layer, the bottom layer comprising an iron complex,
and remioethglarteariingiorticinof thd: bttt Helydraind ethe Ridcepiacté
throug[k;l@@fgt_ration means into a second receptacle adapted for optical
absorbance measurement of the test solution by means of a differential
spectrometer. 7. A method according to claim 6, wherein the receptacle is

g soft Aranspasent aeseminifRNGRAFEARIASHE SOMaINGEe lubricant, which
may be conducted on-site comprising:

(a) addinga predetermineé amount of an in-use lubricant to a
receptacle adapted o be opened'and closed on one end and
being further adapted to prepare a test solution containing the
lubricant said receptacie containing therein at least two
crushabie ampoules said ampoules containing components of
an aclive solvent comprising predetermined amounts of an
apolar organic solvent, a2 polar organic solvent, an iron

complexing agent, an organic acid, water, and a reducing agent;

{b) = crushing the ampoules inside the receptacle and mixing the
entire contents of the receptacle until the jubricant is compietely
dissolved to form a test solution inside the receptacle.

(c)  aliowing the test solution fo react compietely;

{d) attaching filtration means to an open end of said receptacie to

filter fiuid simultaneously as said fluid is removed from said
recepiacle ; and

-9 .



8. A method according to claim 7, wherein the ampoules in the container
are crushed by applying pressure to the container. 9. A method according
to claim 6, wherein the second receptacle is a VIS cuvette. 10. A lubricant
wanakysiatest kit for determining the iron content of an in- usedubricand poose3
which may be used on-site comprising: (a) a receptacle adapted to be
opened and closed on one end and being further adapted to prepare a
test sofeltion alentiigities dedessttivo Lreshatdedampelissiagid ampsaules

containing ' omyprising predetermined
amounts of ﬁ%%%?f}gﬁg(ﬁ‘n% @%@?@%}[p%(ﬁg‘%%%% i%nsqé%?e%?,mgrﬁg f{‘rb%nd

complexing 39/8RY I Brigasiceaadionmethahetiordaverfpayte: (b) a

dispensing dexssiadapiealighaisPanschReSfemineds aRauabehia e
lubricant into saldergiﬁptacle; (c) filtration means to filter fluid

simultaneou8PRL fRREFR FRFREVARFR Ot EPraRBipA &N tesisolution
filtration mednsraetapted todiffertifital tpHae@ndief. said receptacle when
said end is open; -23 WO 2006/127098 PCT/US2006/009893 (d) a
second receptacle which adapted to contain fluid and to be placed in a
meanditoaieedanseibtgiantsmihehdsibidranges phaule(&) aresfins to

measq@r{é&ﬁ&ﬁ%mﬁm&ss#saf%%gﬁamn@w a baseline

frequency and to translate and display these measurements as ppm iron
content. 11. An apparatus according to claim 10, wherein the receptacle is

8.50ft A msthod according to claim 7, wherein the ampoules in the container
are crushed by applying pressure io the container.

9. A method according fo claim 6, wherein the second receptacie is & VIS
cuvelie.

10, A lubricant analysis test kit for determining the iron content of an in-

use lubricant, which may be used on-site comprising:

(@)  areceplacle adapted to be opened and closad on one end and
being further adapted 1o prepare a test solution containing at
least two crushable ampoules said ampoules containing
componsnis of an active solvent comprising predetarmined
amounts of an apolar organic solvent, a polar organic solvent,
an iron compiexing agent, an organic acid, water, and a
reducing agent;

{b}  adispensing device adapied to dispense a predetermined
amount of lubricant into said receptacie;

{c} filtration means io filter fluid simultaneously as said fiuid is
removed from said receptacle, said filtration means adapted to
be fitted 1o the end of said receptacie when said end is open;

23 .



transparent or semi-transparent plastic container. 12. An apparatus

according to claim 10, wherein the filtration means comprises a PTFE

disc filter having a 0.45 pm pore diameter. 13. An apparatus according to
welamms/20j0gherein the second receptacle is a VIS cuvette. L Aws2006/009893

apparatus according to claim 10, wherein the means to measure the

absorbance is a spectrometer that allows measurements at two selected

frequendles in BvsVisSibiseatans whivknedpprdivscactarding tereldmnbao,

wherein the 13eR8 [R'a ARSBA0GRMEASWIABRNIRIS A IRECIAEIS ..

which allows dlzplaylng the iron content of the lubricant in ppm units.
an

{e}  means to measure the absorbance at a selected frequency and
a baseline frequency and fo transiate and display these
measurementis as ppm iron content.

11.  An apparatus according to claim 10, wherein the receptacie is a soft

transparent or semi-transparent plastic container.

12.  An apparatus according to claim 10, wherein the filiration means
comprises a PTFE disc filter having a 0.45 um pore diameter.

13. An apparafus according to claim 10, wherein the second receptacle is
a VIS cuvette.

14.  An apparatus according to claim 10, wherein the means to measure
the absorbance is a spectrometer that allows measurements at two
selected frequencies in the visible range.

15.  An apparatus according o claim 10, wherein the means for

absorbance measurements is a spectrometer which allows displaying
the iron content of the iubricant in ppm units.
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