ANALYTI CAL METHOD AND DEVI CE FOR DETERM NI NG METAL CONCENTRATION IN LI QUI D
HYDROCARBON MATRI CES FI ELD OF THE | NVENTI ON The present invention rel ates
to a device and nmethod for detecting netal concentration in various

hyd b ) | N te fuels.
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and quantify lev as nmanganese 1 n e range between 0.5 -
50 milligrans/liter of netal in the hydrocarbonaceous matrices. BACKGROUND

10 Man fi i i nto conbusti bl e hydrocarbons, sone b
accide%lil,i(ﬁij‘l'I 1 Iﬁ@ﬁ ! nally. Mnitoring t%e type and anount gf t hese
nmetal s can be,useful .in enhanhcin erformance .and/oyr. minim zin etrinents
e ombuati ot BGe e By BRER B aBfraRh BRARE S FiePlindinRle bt
cycl opent adi eny.l nganese tri.carbonyl "MMIY) i s, added to,copbustible
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for spark ignited engi.nes. .MMI(r) is regi stered trademark of Ethyl
mrpafaersaﬁgtgla’fde for% aﬁ%&w?rf}ﬂ%wfgrﬁ%am § tecmgﬁﬁ%%fiq‘fvgﬁc%r%ﬂw oy
additive. Another use of MMI(r) is_as _an a?ditive to distillate fuels as a
 snoke sUPEUSERH theyranast 'mmln@;s par® relipame/titen oh ietab U resuby BerarPamaceous
conpression ignition (diesel) engines and stationary burners. MMI(r) has

been us&fEsSa fuel additive for many years and has recently received nmuch
attention for the significant 20 inprovenents it can achieve in particulate

em ssion reduction, snoke suppression, particulate trap regeneration, and
scavengi tial catalyst poisons. Fuel suppliers and custoners are
very interested in the effective treat rates and cost effectiveness of

MIT(P) as a Mpay metpds brd/beir v infp ppmbpstible hydrosashpresiame by rgeflertd s

properly additized. . ) .
intentionally. Monitoring the type and amount of these metals can be useful in enhancing

performance and/or minimizing detriments in combustion devices.
Manganese in the form of, for example, methyl cyclopentadienyl manganese tricarbonyl
(“MMT™) is added to combustible materials for several purposes, including use as an anti-knock
15  agent for spark ignited engines. MMT® is a registered trademark of Ethyl Corporation for its
methyl cyclopentadieny! manganese tricarbonyl fuel additive. Another use of MMT® is as an
additive to distillate fuels as a smoke suppressant by catalyzing particulate carbon burnout both in
compression ignition (diesel) engines and stationary burners. MMT® has been used as a fuel
additive for many years and has recently received much attention for the significant
20  improvements it can achieve in particulate emission reduction, smoke suppression, particulate
trap regeneration, and scavenging of potential catalyst poisons. Fuel suppliers and customers are
very interested in the efféctive treat rates and cost effectiveness of MMT® as a fuel additive, as
well as verifying that a fuel has been properly additized.
A method for detecting and quantifying manganese in aqueous media is commercially

25  available as “REFLECTOQUANT Manganese Test, distributed by EM .SCIENCE, a division of



A method for detecting and quantifying manganese in aqueous nedia is
comercially 25 available as "REFLECTOQUANT Manganese Test, distributed by
EM SCI ENCE, a division of 1 EMIndustries, Inc., G bbstown, New Jersey
08027. THMsIrstustiigs, li%:.,cOibvh®6wh,aNdw Jepdyi teozed _Ti]g_rsm]mogoggﬁgr&hﬁ}ab%a’mized 5%1
determ ni ng nanganese |evels in aqueous nedia inthe range of 0.5 - ng/ |
Mh. As delseteiéeckliynicten@inpbinkgoahdst 86@lsUh &qudbQVeNela, in il &ng@Bﬂ@g LAY
performthe sane function in organic nedia. 5 Thus, a neéd has arisen f?r
det er mi nMag Asasdstibedoii Bk bAO did AXPHBIEVS) Yiid u{aﬁ%ﬁﬂ&e%er%%% %g"sgg}e 0
nmetal s, including manganese, in various hydrocarbon matrices, suc but
not | i Nub@bntif of 4Bk Sned@YMVARY OF THE EMBCDI MENTS An enbodi nent present ed
herein provides a device for determning netal levels in 10 various

i se.fqr. exanpl e.. gasal.ines and djstillate fuels.

oo embod et PeeBY ot SRR oEuy B o sarmotcHeltt Preeser ei
i naceous material, fluid, conposition or mxture,
cont ai i R TRt 0 A B e B S HAe ok 8 bt Y1 e
for exanple h . §L e not limted to fuel s such as gasoline and petrol eum
distillg?é ed#eggf 15 fuel, biodiesel fuel, kerosene, crude oil, refined

oi | Iub§ﬁ§ﬁgéggzé£giﬂgj i ils, transmssion fluids, hydraulic
oils, a et L , extracts fromthe above, dliélg!ate
bottons, fuel, oil nd ot her hydrocarbonaceous matrices. Another enbodi ment
provi des a nﬁhSHb?%WeﬁePrg?WeHi brgcterrandgsey degice fory dgterauning ystaloleaslhon

i for examl e, gasolines and distillate fuels. In one
gan{){) ?ﬁ;‘fﬂ‘lggsf lﬁg&g%b%?lav{g?% ﬁl,lﬁlggﬂarf@;sézample, gasolines and distillate fuels. In one

embodiment, the metal is manganese.

By “hydrocarbon matrix” herein is meant any hydrocarbonaceous material, fluid,
composition or mixture, containing organic chemicals. The hydrocarbon matrices herein can
include for example but are not limited to fuels such as gasoline and petroleum distillate, diesel

15  fuel, biodiese] fuel, kérosene, crude oil, refined oil, lubricants, including engine oils,
transmission fluids, hydraulic oils, aviation fuels, cutting fluids, extracts from the above,
distillate bottoms, fuel oil, and other hydrocarbonaceous matrices.

Another embodiment provides a method for determining metal levels in various
hydrocarbon matrices, such as for example, gasolines and distillate fuels. In one embodiment, the

20 .metal is manganese,

Accordingly, in one example herein is provided a method for detecting the presence and

amount of a metallic species in a hydrocarbon matrix, comprising (a) contacting a hydrocarbon

matrix containing an organometallic compound with a colorimetric detection material



Accordingly, in one exanple herein is provided a nmethod for detecting the
presence and amount of a netallic species in a hydrocarbon matri x,
conprising (a) contacting a hydrocarbon matrix containing an

Or 0aNOUEl sl cof RN kit BofiRLOId UL wHRECHEATTRE Bldsflm e
conprising acolorinmetric sensitizer chemca abl & to reactt" Wt fe netal
of the | ] o C NG a reaction between t net al
From t RS an g Tk b ERARobR e B R IS TR AR i B

chem cgl ficient to forman. organonetallic conplex, an c) .detecting
the. pr et flrfitber P bAoA TR Bienb G BT irer i e tog

provi d%g aesgegg{;ajgon s%%tt%rg devli ce or kit useful in the determ nation of
the anbuRtor nangg?%g i ﬁo%?a’éno manganese- cont ai ni ng hydr ocar bon

matri x, As.an _exanple, the detection system, device or_ kit for detecting
the presendB aB?tﬁ?{g?%{PplPﬁfﬁm"ﬁ?ﬁger %EF’B‘E)%’SWH{’ Fl?‘iicec%ﬁf“iuﬁ%ﬁlﬁaéhea colorinetric
det ect i on mit.erita congri ?i ng at |.east one «colorinetric sensitizer
cheni cHitcrapyation g {rg ampunfjol mangangsedr aPreane MPBERERORRNANNE BYEeR#¥ind in t he
io hydroc,argi(s)n matrix. It is to be understood that both the foregoing
gener aPaf¥s OF Epxaawlea iy detselionsy standsyice edeitipr ddecting teinpiserss cApstabienpl ar y
and expl anatory only and are intended to provide further explanation of
t he prigglsrseriopwstits G incuded cglommetri DlEANEDrBESERPEPIENE GeEMVBEDI VENTS 15 | n
an exanpl e of an enbodi nent provided herein a nethod for detecting the
pr esenfOdrERRIrc eRpitipr chmiggitable tpreasionith ageaholongaronpetallicicompomddufit such as
organo nmanganese in a hydrocarbon matrix is provided that conprises 1)
i ntherkidmyadhenawitacting a colorinetric or nmaterial in or with the
organonetal |i c-cont ai ni ng hydrocarbon matri x, herein the organonetallic
conpound cdhtsainbngndasstoed fhadbgthnthe fbiegeing gendsalt ddsemiob cantlhtbe rfeliabingt ons,
2) subjecting the

detailed description are exemplary and explanatory only and are intended to provide further

explanation of the present invention, as claimed.

DETAILED DESCRIPTION OF EMBODIMENTS

15 In an example of an embodiment provided herein a method for detecting the presence and
amount of metal present as an organometallic compound such as ‘organo mangaﬁese in a
hydrocarbon matrix is provided that comprises 1) immersing or contacting a colorimetric or
material in or with the organometallic-containing hydrocarbon matrix, herein the organometallic
compound containing certain organic ligands that bind to the metal atoms, 2) subjecting the

20  material to heat, chemical energy or ultra violet (UV) light, if necessary, to liberate the metal from
the organic ligands and deposit the freed metal on or in the colorimetric detection material or
within its structure, 3) if necessary to achieve colorimetric detection by a sensitizer, adding a

sufficient amount (for example, a few drops) of dilute (for example 2% to 10%) basic solution,



20 material to heat, chemcal. energy or ultra violet (UV) light, if
necessary, to liberate the netal from the organic |igands and deposit the
freed nmetal on or in the colorinetric detection material or wthin its
structure, 3) if necessary to acMeve colorinetric detection by a

sensitiz addi S icient amount (for exanple, a few drops) of
dilute ( ?‘é"? %3’&?@?@6@8@#@01&5@%@ by a¢ivg ¢ sufficignt smohntdsucha®e feReaganss No.
1), followed bg. xﬁddi Jag a sufficient anount ng?UCh as a few drops) of
aqueous AMICOE% T Foids guih ok acelierac] Her exanime S¥x nph%s) §Redzent 158R). ( Reagent
No.2). In an. enbodi ment, the two reagents achi eve the oxidation of the
net al suF‘P?%CEHBFfF: B FEetRit aahieve thenendatipe af thewietdh sefficiohofor tetmétsl to then
sensitizer in _or on the detection material to forman organonetallic 5
conpl ex 1A%t Witk 2colgimetis paneitipgryin aleanethealteatinh watanidli thi forh -auSirpgofr@iallic
exanple the "Rgfl Cx" electronic colorineter detection ur~t, (also referred
to het ei fPraexhatip eqleyimetrieqlty detectph endrevealifisdsusing fommampbealnrt Ry M dbMonand
is, in one enbodinment, colorinetrically quantified using a colorinetric
phot onet EHorimBgiwhdeectipn anitMatsokeefiired 1to hateedaseh SphataniteNetiae skl 8%n one
"Rgfl ex." When the treated detection material is inserted in or exposed to
the phot &wEwkr Mot (E) pirbisoirever embatisti) esodhearielyofuadiddnisans tolofigswict i Ng
ftom the organonetallic conplex to a concentration reading, which is then
el ect r ordhetgmejerdiup| aa Mokt digribuiad sleoidic mByr QRH ORGNBLY i\@hélﬂh%%éaf%ﬁ
material” herein is neant any solid article such as a strip, tab, pad,
membr anedetdcliba ewteriet is insertedinyr bifpstdto GRNMHRSIHd@ e Eﬁﬂt%&arhan@?a%&& HeSo1dzt € -
wherein the material is able to, or contains a substance that 1s abfe to,

col ot meintengif feyultieg Gom e of @abinktaRic@odPleRbi Ofbndnthiich relaéi_ng,f SRENGERL an
organonetal lic conplex or the netal thereof By "dilute basic solution

her ei n i decrenictilyadisAaed o4 shdiaghenenppl uti on of an alkali or al kahne earth
metal salt, including for exanple NaOH, KOH, Ca(OH)2, and My(OH)2 or

precursors, Blefdologiiietritedeta@tioninleHiIC Heteiek 8Rhnt any solid article such as a strip, tab,
pad, membrane, filter, etc. or any liquid composition, solution, mixture, etc., wherein the material
is able to, or contains a substance that is able to, colorimetrically detect or facilitate detection of the
15 presence of an organometallic complex or the metal thereof.
By “dilute basic solution” herein is meant an aqueous basic solution of an alkali or alkaline
earth metal salt, including for example NaOH, KOH, Ca(OH),, and Mg(OH); or precursors,

derivatives or mixtures thereof,

By “dilute acid” herein is meant an aqueous acid solution of a mineral acid or organic acid,

20  such as HCI, acetic acid, etc.
In an embodiment herein, the colorimetric detection material is a strip, Reagent No.1,
Reagent No. 2, and “Rqflex” electronic colorimetric detection unit useful herein are all

commercially available as a kit under the name of “REFLECTOQUANT Manganese Test”,



By "dilute acid" herein is neant an aqueous acid solution of a m neral acid
or organic acid, 20 such as HCO, acetic acid, etc. In an enbodi nent

herein, the colorinetric detection nmaterial is a strip, Reagent No.1,
Reagent No. 2, and "Rgflex" electronic colorinetric detection unit usefW
herein are all commercially available as a kit under the nanme of

" REFL ECTEITRP WA e BN FEs 2 divisionpf i Indnsiaigs, Gye. EMbBR ENOEsw dersin08020n of
EM Indusg;ies, I nc., . G bbstown, New Jersey 08027. However, as supplied
commer ci &PP§YENRS supticf cemoosaly tva iR &5 OTISANT Ianghisso Pt vkiz edoptihozed

det ecti ng manganese in aqueous nedi a and does not work for |iquid

hydr ocar BSiieleing Barganest e agisopemedia pué doésart mody fal diguiddiydr@attbh namekes.

met hod to detect manganese in hydrocarbon nedia 5 by introducing steps |
and 2 i nTbe tenpinpadguprovidss baib b kitent! amethed toltvect esightese Welidetbibbg neal:t ai n
enbodi nents of this invention are graphically summarized in Figure 1. The
dat a Poi Bt Btrpdiséigesteps Aerdidfitto e proesiuor otinedwboasount of manganese pi pett ed
into each fuel (hydrocarbon matrix) as calculated to give the indicated
concent r at i onhe Eauits vebidating peitai etbodinentof W1 ihahebeske"drpheal} Mnmi@s4t he
average of three determnations carried out by a 10 nethod of this

i ti oim. FigwredanTlxed f bado] I d ts,
i nvent i om.Figsedan BEpoints N4Vl e chelaloheiohd B BELWBER otfléﬁﬁagg%lﬁse ;21{38163 et ﬁe

it is possible to generate a calibration curve for this ne
i nvent i oito®th e (harLdbned nﬁgixggg:a]ﬁ]ated to give the indicated concentrations. Each data
point to the curve labeled “Invention” was the average of three determinations carried out by a

10 method of this invention. As can be seen from the relationship between the two data sets, it is

possible to generate a calibration curve for this embodiment of the invention method.
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i nvention, in an enbodi nent, converts the organi c manganese (such as but
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The present invention, in an embodiment, converts the organic manganese (such as but
not limited to MMT) into an inorganic form (Mn II) and transports it from the organic phase on
to an inorganic substrate or matrix on or in a colorimetric detection strip or material or into an
inorganic composition such as an aqueous solution. Once adsorbed on the inorganic matrix of
the detection strip or dispersed on the aqueous solution, the Mn (II) is oxidized to Mn (IV) by the
base/acid reagents for forming the organometallic complex and subsequent detection and
guantification as described above.

In contrast to the published aqueous method above, this method of this embodiment
involves contacting the colorimetric detection material with or immersing it into the hydrocarbon
matrix containing the metal such as manganese or ron to layer, adsorb or absorb an organic film
on top of or within the inorganic detection material, strip, substrate or matrix. Subjecting this
treated detection material to sufficient energy, such as UV radiation, to decompose the organic
metallic compound (such as ferrocene and MMT) to inorganic iron or manganese, which adsorbs
into or disperses in the inorganic detection material. Treatment with Reagent 1 followed by
treatment with by Reagent 2 can oxidize the manganese (II) to manganese (IV) which then binds
with the colorimetric indicator chemical in the inorganic detection material to form an
organometallic complex. This complex can then be analyzed using a detection device, such as
the Rqflex colorimetric electronic meter, to quantify the manganese concentration of the
hydrocarbon matrix being analyzed.

The energy applied to decompose the organometallic compound can also be thermal
(heat), chemjcal_, sonic, or sunlight. In one ex;unple, the wavelength and intensity in joules/mole

is designed to match the wavelength of absorption of the organometallic compound.

02



not limted to MMI) into an inorganic form (M 11) and transports it from
the organic phase on to an inorganic substrate or matrix on or in a
colorinmetric detection strip or material or into an inorganic conposition
such as an eous sol.ution. Once adsorbed on the inorganic matrix of 5 the
detection st epmSﬁ’o iogﬁgregﬂngdwn{ H%te’éﬂq‘i?ﬁd?.?su%‘é)lt%@%ﬂ,anglﬁaw (Er$0jing gnd

oxi di zed, to My (1V) by the base/acid reagents for formng the

or ganon@Ess fHeds E3ted) Vé‘ﬁ’ R g gavsekeaminiemadsitive dAMIn dor aifbenvntifknoskt pwnoses
descri bed above. In contrast to the published aqueous nethod above, this
met hod GRsalingsy o frauirtinsite eminvanl lossriop (istithierfoelf)hFhe pkhbi 0@t 1lie beledeas i on
material with or inmmersing it into the hydrocarbon ]Jo matrix containing

t he net ddtersiioh @8, MEERGATRES orObther @fetdl Oconadtratiord @6 QhP 1Rfuid@ BSAREEBdha®logani C
filmon top of or within the inorganic detection material, strip, substrate
or mat rinl(t-rix.suhie%ﬁﬁnbiﬂgz_s,td&r&nst?zﬁ&l%e?gn,d&ttﬁ%ﬂoﬁtﬂagr@%ﬁﬁd Bhnghafess Wold £ (ﬁ'%ﬂic
energy, such as Wradiation, to deconpose the organic Tnetallic coffpound
(such a o ni. Gk QN _Or nmanganese .ch adsorbs
o or CdranaBERdRant Al ool BN R T PAPET 0 GiontL i Bafon
Reagenthﬁrfall%ﬁed b% 1% Hgsat nt with éﬁRea ent 2 can oxidize the
manganeSe T8 FBRG SRS (‘T%GWF‘E CERBITSICAEWnE AR o Ernpmetalliss By oTEREG | ¢

i ndi cat or _chgm' cal in the inorganjic detection material to form an

or ganorBEHr Frmplsfteuch sementy Bradiion ¢a in ave A-rh Be.dhal G &, i, Ry, Rid@dect i on
device, such as the Rgflex calorinetric electronic neter, to quantify the
manganek® Bbiee s & ifinAbf Heh€e, mydetberardpsitiomatetalss Idnghanglennal yaeidles 8@t The
energy applied to deconpose the organonetal lic conpound can al so be thernal
(he#t) , fouhendlamti, inspanic, canposndy iighhe dqneqisemexanpl@e blagnovdeatanet hnand
intensity in joules/nole is designed to match the wavel ength of absorption
of the apgmnREEiatdmhmuee et Mgl 8 BA cRilatd N RITRAicBBnh6S gidipcan be

used to detect and quantify gasoline and
sandwich molecule, solubilizing agent, carrier, salt, crown ether, cryptands, aza-crown ether,

spherands, and the ]ike.‘ Thus, for example, the sandwich-like structure of ferrocene and MMT
illustrate certain embodiments of the organo portion of the organometallic compound detectable
15 herein.

In another embodiment provided herein is a device, system or kit comprising materials
and reagents useful in performing the methods. of detection taught herein. Thus another example
includes a collection, combination or assembly of some or all of the materials described herein
above. Yet another example includes (a) at Jeast one colotimetric detection strip with organic

20 ligands able to bind to or bond with certain metal iohs to form an organometallic complex and also
containing at least one .colorimetric indicator chemical, (b) a source or supply of dilute basic
solution, such as NaOH, (c) a source or supply of dilute acidic solution, such as acetic acid, (d)

optionally an ultraviolet radiation source, and (e) a colorimetric photometer able to detect



di esel fuels treated with the manganese contai ning additive MMI, for either
anti-knock purposes (gasolines) or for particulate em ssion |owering
(distillate fuels). The nmethod can al so be used to determne iron,
manganese, or other netal concentration in any |liquid hydrocarbonaceous 5
matri x. The principles, denonstrated herein, of transporting organic
nnnganes%rg?ripg}?fagﬁ i eonceriraten pharigentior oplalee intensitaciThe Y eodtet esffilon
and quantif.icatjion by a nmethod devel oped for aqueous inorganic nmedia can
be' ext e::lif?é?fl“ ‘@ sieerfonetaRnle, cheesuanfnersscentilampsn ipcasdesregtlaope AV liieSation
organi c . nmedi a, Exanpl es of such elenents in addition to Mh are Cr, Fe, Co,
Cu, Zr, 'RBpsppd other depiges abledo emit radReion @sthe wayel@igih Hinltraviplet Geliatiand ot her
transition netals, |anthani des and actinides that 10 form col ored inorganic
conpounds i n Advantageaedubis iedintion Tiekidergane moriniieg ©f1) thalitei0anaReLHk! | C
conpound detectable herein can be any chel ate, conpl ex, coordination group,
sandvi chrhedll efCukie] adiiivebidntetimator8 & ommeadidli g HrocaBblacedt GMs & BE feld
cryptands, aza-crown ether, spherands, and the like. Thus, for exar’rp%

the sandimplb{d ofeeats treqifiing B0 bxfetise OGRING B0 chaMT or.laHeySt rate certain

enbodi nents of the organo portion of the or ganorr%t all'i c conpound detectabl e
15 herein. | pighhainssRogH | in 1 devi ce,.. systemor kit
conpri si ng matteri al's 1 and@gggg%eggﬁgés&eegﬁ& P’ﬂf g%?@&?%%% °ﬁee§"r%%%rf8d ¢ athf
oDl nat B e B S PR e LS Ruddrrf b n
above. Y (= el S t .l east one colorinetric detection
stri |Ot mfﬁ“g{r@g%ﬁ%ﬁ%g’%&g éé ﬁ‘g ]tao fiﬁ)g ?rf) o 5%%?"0_ rfcehordB?t’rFis{]ar’P ﬁ;’i‘tf’fal

i on 0 a ex and also containing at |east one
col ot m TS oA e ORRRARLCH! hinSATBy I BB ipRLRS: L BBR bt Pprrepher
solutio . a_source ar. suppl f dilyte acidi¢c solution,
such as @%%Ié,?ﬁlﬁg vge?:%h?apgﬁgjj ¢ Q%Jtlﬁ)f f%ﬁgﬁ’q glongﬁloﬁf’taggé? 3?@1 “Sregdﬁ‘ thei preilietipe and and
(€) a colfhl RS bgurpcﬁpstté)o%% %reing%o%iée% ig & ?n%%anc?es by the term "about.” Accordingly,

unless indicated to the contrary, the. numerical parameters set forth in the specification and

)e,

claims are approximations that may véry depending upon the desired properties sought to be
15 obtained by the present invention. At the very least, and not as an attempt to limit the application
of the doctrine of equivalents to the scope of the claims, each numerical parameter should at least
be construed in light of the number of reported significant digits and by applying ordinary
rounding techniques. Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the specific
20 examples are reporied as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in their respective

testing measurements. It is intended that the specification and examples be considered as



organonetal lic conplex concentration as a function of color intensity. The
WV source useful herein can include, for exanple, the sun, fluorescent

| anps, incandescent |anps, UV irradiation |anps, and other devices able to
emt radiation in the wavel ength of ultraviolet radiation. Advantages of
this invention include but are not limted to 1) facilitating a rapid spot
5 check S’fe“PPg?féﬂongfda‘i* i3/ EUcHARe Y sitiorfsthe invewinmeregigaindioyted bg ahdomMiaceays
fuels in the field, 2) sinple to operate, requiring little expertise, and
3) it i s%dily portable. Other embodiments of the present invention will
be apparent to those skilled in the art fromconsideration of the
specification and practice of the invention disclosed herein. As used

t hroughout the specification and clains, "a" and/or "an" may refer to one
or nore than one. 10 Unless otherw se indicated, all nunbers expressing
gquantities of ingredients, properties such as nol ecul ar wei ght, percent,
rati o, reaction conditions, and so forth used in the specification and
clainms are to be understood as being nodified in all instances by the term
"about." Accordingly, wunless indicated to the contrary, the. nuneri cal
paraneters set forth in the specification and clains are approxi mations
that may vary dependi ng upon the desired properties sought to be 15

obtai ned by the present invention. At the very least, and not as an attenpt
tolimt the application of the doctrine of equivalents to the scope of

t he cl ains, each nunerical paraneter should at |east be construed in |ight
of , the nunber of reported significant digits and by applying ordinary
roundi ng techni ques. Notw t hstandi ng that the nunerical ranges and
paranmeters setting forth the broad scope of the invention are

approxi mations, the nunerical values set forth in the specific 20 exanpl es
are reported as precisely as possible. Any nunerical val ue, however,
inherently contains certain errors necessarily resulting fromthe standard
deviation found in their respective testing neasurenents. It is intended
that the specification and exanpl es be considered as 8



exenplary only, with a true scope and spirit of the invention being
indicated by the followng clainms. 9 WHAT IS CLAIMED IS 1. A nethod for
detecting the presence of a netallic species in a hydrocarbon matri x,
conprising (a) contacting a hydrocarbon matri x containing an
organoneﬁﬁg%hﬁgggggﬁﬂﬁ ith a colorimetric detection material conprising-
a colort f ; chem cal able to react wth The netal of the
organone?al i C £o ouad; (b) .causing a reaction between the netal fromthe
or ganonet al‘ i ! %Cgﬁffo Hactngathe neseaen of iangretallic spasiss tinze hydiveaboml matrix,
sufficient to forman organonetallic conplex, and (c) detecting the
presence of °TRESMY a?ﬂ%?éﬁ% 12 keydrecathpn exatrip comhigingearh oganmatilic rothpowker ei n
the detectiaon material is exposed to sufficient energy to at |east
partially I"Yllrﬁlb? splerippEic fstegtionomaterial comprsipaetealorinestriconyitien dhémioah dbleto
conmpound onto or . within the detection material. 3. The nethod of claim 2,
wher ei n t hé&®&hai§ythe enetal of e prepmmaftalhie sompendTHh caedtwe rektial Betweds the
wherein the energy is in the formof sonic radiation. 5 The nethod of
claim2, wistdifien fe csepspmyptallis dorpmuml aidehé cdbrimesc sémnizetUsheinieabsghaaical
added. 6. The nmethod of claim2, wherein the energy is in the form of
ul travi ol effo feun an pesnomatallitrempleihentl (o deleating Qe pabren®i 6 hbr@ABMEMIHS | N
the formof sunlight. 8 The nmethod of claim2, wherein the energy is
radi ati on efmplewavel ength and intensity (measured in joules/nole) absorbed
by the organonetal |ic conmpound sufficient to deconpose said conpound.

2. The method of claim 1, wherein the detection material is exposed to sufficient energy to at

least partially liberate the metal of the organometallic compound from the compound onto or

within the detection material.

3. 'The method of claim 2, wherein the energy is in the form of heat.

4. The method_ of claim 2, wherein the energy is in the form of sonic radiation.

5. The method of claim 2, wherein the energy is from a chemical reaction due to a chemical
added.

6. The method of claim 2, wherein the energy is in the form of ultraviolet radiation.

7. The metﬁod of claim 2, wherein the energy is in the form of sunlight.

8. The method of claim 2, wherein the energy is radiation of a wavelength and intensity
(measured in joules/mole) absorbed by the organometallic compound sufficient to
decompose said compound.

9. The method of claim 1, wherein the hydrocarbon matrix is selected from the group consisting

of gasolines, petroleum distillate fuels, kerosene, diesel fuel, biodiesel fuel, fuel oil, crude oil,
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9. The nethod of claim1l1, wherein the hydrocarbon matrix is selected from
the group consisting of gasolines, petroleumdistillate fuels, kerosene,
di esel fuel, biodiesel fuel, fuel oil, crude oil, 10 refined oil,

| ubricants, engine oils, transmssion fluids, hydraulic oils, aviation
fuels, cutt fluids, and distillate bottons. 10. The nethod of claiml,
wher ei n t hé’l:‘ﬁ‘;%gr°é‘lcg“rb6‘§%“tsrraefl$‘f’§< O{l% ‘fda%wﬁﬁl%%luld%i’?dwg st AGationt fuells agutinlg
wherei n t he, hyd rbo trix is diesel fuel. 12. The method of claiml,
wher ei n thgldﬁlf}e/st éﬂ%cagsftﬁlfiﬁeb%g?@%norret allic conpound is selected from the

group consistin f , ., Fe, Co, Cu, Zr, M, Ru, Rh, Pd, La, Hf, Re, Gs,
Ir, Pt, lﬁ‘e%e?'m%&fcagﬂﬁfﬁ%r%&e hyRepcarben mamds gasglineThe net hod of claim 1,
wher ei n resence of the organonetallic conplex is detected by a

phot onet {]-?“1?2“ %‘l‘aﬁé’?ﬁjéfrﬁ JdVhsreig fhs hyfnocanbor pix e diessd fusl.ng the step of

conbi nin e detecti?n material from step (b) with an anount of dilute
basi ¢ sofutiPsmeRpdielam 1, shereinghe mesal jof thej dseanametdllverompowtd it aected from
organonetal | i c conpound. 15. The method of claim 14, further conprising the
step of consi HIPHRCHIEIIRES ¥ipedr.nks; 410, Wiut KraModRiuRle, Ritila, HS, R O, 2 &, Phe
metal to an oxidation state able to react with the colorinetric

sensi ti zer Aehélg gl lanth@rideFhandreetifida. of claim 1, wherein the concentration
of the organonetallic conpound in the hydrocarbon matrix is determ ned by
transl| at I:ghe hethodolf okimme whereinlthe stedeacd edhe olg@onddiBNSItplex Ridelcbd by a
organonetal lic conplex into a netal concentration value. 17. The net Kod of
clai m1, wpbeoteinntet.he netal of the organonetallic conpound i s manganese.

18. The method of claim 16, wherein the organonetallic conpound is nethyl

cycl opentdadbemgthod of claim 1, further comprising the step of combining the detection material from

step (b) with an amount of dilute basic solution to the at least partially liberated metal of the
organometallic compound.

15. The method of claim 14, further comprising the step of combining the basified metal with a
dilute acid to oxidize the metal to an oxidation state able to react with the colorimetric
sensitizer chemical.

16. The method of claim 1, wherein the concentration of the organometallic compound in the
hydrocarbon matrix is determined by translating the colorimetrically detected color intensity
of the organometallic complex into a metal concentration value.

17. The method of claim 1, wherein the metal of the organometallic compound is manganese.

18. The method of claim 16, wherein the organometallic compound is methyl cyclopentadienyl

manganese tricarbonyl.
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manganese tricarbonyl. 11 19. The nethod of claim 1, wherein the

hydr ocarbon matrix is selected fromthe group consisting of gasolines,
di esel fuels, biodiesel fuels, fuel oil, industrial hydrocarboDaccous
waste, and distillate fuels. 20. A detection systemfor detecting the

presence i . hydr.ocar ho trix, said detection conprising a
col ori neltér?{]‘(}:]g%c?g{()g@ ron ?1’&‘?’15’?]5?163‘8 FRRPTHhgatR 1§ glested digen thegraypicapsisting
sensitizer i.cal .ab .reac jth a metal of an organonetallic
conpound i ﬁf;?‘%g?_ meﬁy(%:i?SSL@F%ng?e’rﬁstei f”\gis ‘_gil. ol HuYEt detioprbanpseanmmastecindi m 19,
further COnpI4 S ggﬂ a source of radiation sufficient to |iberate the netal

in the organomefJ Sc conpound fromthe conpound. 22. The detection -system
of clai r%l%,de{.t her copprising a means for colorinetrically detecting

the presenfe GGt isieqt for dejectipg dhequesspgs; of ety 41 ehsdpicattion ot saifiur t her
conpri sing oncg. or nor.e reaqerjt s effective in conbining the netal fromthe
or ganonet af fFHoN COMBURIRG? GFlPHmEtHE dalectioaaraterisheomprisingrat frestone colssmsirici zer

chemcal. 12 . .

sensitizer chemical able to react with a metal of an organometallic compound in the
hydrocarbon matrix.

2]. The detection system of claim 19, further comprising a source of radiation sufficient to
liberate the metal in the organometallic compound from the compound.

22. The detection system of claim 19, further comprising a means for colorimetrically detecting
the presence of a metal.

23. The detection system of claim 19, further comprising one or more reagents effective in

combining the metal from the organometallic compound with the at least one colorimetric

sensitizer chemical.
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