4 January 2007 ANALYTI CAL METHOD AND DEVI CE FOR DETERM NI NG METAL
CONCENTRATI ON | N LI QUI D HYDROCARBON MATRI CES FI ELD OF THEIEnMMEODON The
present invention relates to a device and nethod for detecting netal
concentration in varlous hydr ocarbon _matrices, such as for exanple,

gasol i nes and®gVAk 9D AND BEYICB FORSDETEBMRING MERAL as a kit
of this inventi OQQP&HBTMT&HM@MHMCWMATEICE&t als, such as
manganese in the range between 0.5 - 50 mlligrans/liter of netal in the
hydr ocar bonaceous nmatrices. BACKGROUND 10 Many netals find their way into
conbust FHEED I THEMBINTIGNe by accident, and others intentionally.
Monitoring the type and anmobunt of these netals can be useful in enhancing
per f or mance Emogresentinmintiod raigtediota devizBlasid inBth6OTH dsibEtRig HEN GRSntMRGaNese
in the formof, for exanple, nethyl cyclopentadi enyl nanganese tri carbonyl
(" MVIT" ) viriua dédedrborc matbides, istheasnfor eXdniis gﬁa@ﬂm@ﬁéﬁ@rtﬂéhllﬁwﬁ%e%e'cfé%ké'd' ng
use as an anti-knock 15 agent for spark ignited engines. MMI(r)

r egisst esledreferadanas K kaf ofthidVihveGREPRrBle 10 HefQrank tqﬁarﬁ?)t f@)&éls %Yﬁ'le%’se Qﬁcﬁd«;{senyl
manganese tricarbonyl fuel additive. Another use of

addi ti V@ah@nebeShithd ainge HHGlesn 85 2 SBTRING SHARECSSARL %ﬁyth% we.alb ,%ce .
particul ate carbon burnout both in conpression ignition I eoal e?]ilal nes
and st ahi@eay y honmers. MMI(r) has been used as a fuel C additive for nmany
years and has recently received nmuch attention for the significant 20

i nprovenents it can achieve in particul ate em ssion reduction, snoke

suppr esproRGROUNIcUl ate trap regeneration, and scavengi ng of potential
cat al yst poisons. Fuel suppliers and custoners are very interested in the

(gffl%c'[ Ive tngaly rﬁé&l@%n@ﬂﬁlr%tmt%fct)ﬁl%hét%@]ﬁfﬁﬁ)cggow (o) byPaccl Iltugalld 0 eq‘!.st Ve,

intentionally. Momtonng 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 cyclopentadienyl 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
(H‘ \ additive for many years and has recently received much attention for the significant
20  improvements it can achieve in particulate emission reduction, smoke suppreésion, particulate
trap regeneration, and scavenging of potential catalyst poisons. Fuel suppliers and customers are
very mterested in the effectlve treat rates and cost effectiveness of MMT® as a fuel addltlve 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




wel | .as verifying that a fuel has been properly additized. A method for
detecting and quantifyi ng manganese in aqueous nedi a i s cumesgi2abry 25
avai |l abl e as "REFLECTOQUANT Manganese Test, distributed by EM SCI ENCE, a
divisio f 4 January 2007 EM | ndustries, Inc:., G bbstown, New Jersey
08027. %I}gslng‘t%ﬁrieﬁ’ ‘f%%* ?{5‘?\;9?&"81 I egisY i089 e dTHis stripph sommet ddliyadgtiynized for
determ 'hgg)menncgﬁnﬁsie l.evel s in aqueous nedia in the range of 0.5 - 45 ng/|
M. As described  A™PREMBEIPIENSE Vet it aquepisweedia jn tei rsngesdfHogl— clanmgn
performtheAs?ge function in organic nmedia. 5 Thus, a need has arisen for
det er mi Mg 455cFhed i, thac Pyblicn Hteranss phoveivers | drist inethpd @3\E Gerfarddl ITRHAL  Of
met al s, jncluding manganese, in various hydrocarbon matrices, such as but
not | i fUcEeD ingrgapi mediSUMVARY OF THE EMBODI MENTS An embodi ment present ed
herei n provi %gs a device for determining netal levels in to various

hydr écar bon #eis; b oesl hasumizendorf detergiaipiagi i : iS5l ate fuels.
I% one enbodinent, the netal is manganesey.’glgﬁm' h%?g%g)gg%!ﬁ&}n% SRS e ei n
i s neantndapotnt df oeld) ondediog mafBinedel 8l varblyi oPasition or i xture,
cont ai ni ng organi ¢ cheni cal sg.'rl Tﬁ%&nhya?iocgfro{l;%hfhr%%a?l ces§thé'!“fséfunc caﬁ:F“t PRl ude
f or exahplited hufizelare not limted to fuels such as gasoline and petrol eum
distillate, diesel 15 fuel, biodiesel fuel, kerosene, crude oil, refined
oi |, | uUSUMMARY, OF KHEGMBODINEer®i | S, transmission fluids, hydraulic
oils, aviation fuels, cutting urds, extracts fromthe above, distillate

bot t oms, f uehn @irdbodigRdt ptdigfedydERC epus natrices. . Anot her enbodi nent
provi des a nethod for dgt erm ni ng n@r{()gl(lapﬁagvéél‘llgei A Jgeppig metal levels in

( 10 various hydrocarbon matrices, such as for example, 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 limitgd to fuels such as gasoline and petroleum distillate, diesel

15 fuel, biodiesel fuel, ke‘rosene, crude oil, refined oil, Iubricants, 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

(ﬁ | | hydrocarbon matrices, such as for example, gasolines and distillate fuels. In one embodiment, the
" 20 metal is manganese.

| Acgordingly, 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 hydroéarbon

matrix containing an organometallic compound with a colorimetric detection material




{* hydrocarbon matrices, such as for exanple, gasolines and distillate
fuels. In one enbodinent, the 20 netal is manganese. Accaiausagl2po7in one
exanpl e herein is provided a nmethod for detecting the presence and anount
of a netallic species in a hydrocarbon matrix, conprising (a) contacting a
hydr o £8PBBHNE Arelerisetisriensitien gheamicad blarno natiavith theanerdarinic: oizdnonttallic
colorinetric detection material 2 4 January 2007 conprising a

col or icpEpeyng; v nausingzercagiverbetakn disirectd] drane thetorginbinetahie combalndehd e
organonetal lic conmpound; (b) causing a reaction between the netal fromthe
or ganenletialeiricensiiineo ohrminieal duffiont ©Ibmt nreighndin@AN6 témAer, 80 @fyide@bting
sufficient to forman organonetallic conplex, and (c) detecting the

pr esetigerekntehd thergamonetallid domptapl ex. 5 In anot her exanple is provided a
detection system device or kit useful in the determ nation of the anpbunt

of 5smanganekeanbtheBdkaMipBais provaieg a desaion @Rdah Nteide BYHE RCAl BPRe Matrix. As an
exanpl e, the detection system device or kit for detecting the presence of

met al dermiinatioy GF eeanRont GBhdp¥ncS4 #h %Féaﬂgﬁlaﬁgaﬁ%e%htgﬁh%gxﬁ’drgﬁirﬁ&} i on

material conprising at |east one .colorinetric sensiti emcal able to

react pthd & aﬁ'%kﬁhpl&fth@&té@fi&?ﬁ@(@ﬂ @ égt%ﬁﬁiﬁ:@(gﬂgt@gidg%é Q%n&oorﬁ"g}’e‘?% e ibgtni "

matrix. It is to be uriderstood that or egol ene

and t fearbolbahgx cﬂﬁkéﬁhh@gccﬁﬁ‘rﬁ?{]&ipaa&'ﬁoﬁ&%te?é?%ﬁ{s%ﬁgaf%?sgég%?nat ory only

and are intended to provide er explanation i nventi on,

as Clah&%QQﬁPE;é§&§thﬁﬁgﬁhﬁT!q&%FEKFNB NgNTS 15 | n. an exanple of an
enbodi ment provi ded herein a method 3?“%(113? %’Wrﬁamﬂ?gaubcrcé’?@ﬂ miF  amount
Oﬁoneﬁﬁﬁo&ﬁﬁﬁﬁﬁﬁﬁﬁs an organonetal | ic compound such as organo nmanganese in
It is to be understood that both the foregoing general description and the following
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 2 method for detecting the presenc‘e ﬁnd
amount of metal present as an organometallic compound such as 6rgano mangaﬁese in a

~ hydrocarbon matrix is provided that comprises 1) immersing or contacting a colérimetxic 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
| méo 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 jts structure, 3) if necessary to achieve colorimetric detection by a sensitizer, addiﬁg a

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




hydr-ocarbon matrix is provided that conprises 1) inmmersing or contacting a
colorinetric or material in or with the organonetalli c-aQahaarki2og7

hydr ocarbon matri x, herein the organonetallic conpound containing certain
organic ligands that bind to the netal atoms, 2) subjecting the 20 materi al
to heat, chemcal. energy or ultra violet (UY) light, if necessary, to

| i ber at eudhhe NESRIRILGIND B he Jd.gands..and, deposjt .the freed netal on
or in the colori rrebt{ ralgc det egtﬁ?{)‘:ﬂ‘%?réj & ?%g a&FfﬁaCW'tarﬁ“ﬁmi {SEC]’S%Sr%WIGPS)IS)f i f

necessakyuchs AN L (ol ction by a sepnsitizer, adding a
suffici e%lte anount ( géfsgée}ggérrpq%e{c %@ﬁ?ﬁc’f?‘%ﬂ@f %/f’ “ﬁlilgése(RE?%f“ Begpl b 286 t o

10% bashmBodiRkatt HR7 J 2007 such as NaOH (Reagent No. 1),
fol | owed bc;/ addi ng \goér%aig ?%%%%élﬁ%%gat’(o&? fheacta) spifigieat g’ﬁél)e wtal wohenus

di | ut e Aagéidwis Uc i.c..acid (for ex le 5% to 159% (Reagent No.2). In
an embodi ment {bﬁ%ﬁ?é\%ﬁn@%éeng%%?ﬁ g ‘%c‘?ﬂ g{?e&?%gmbmaﬁggli Onfogh anhergaemaitallic

suf ficignt - tal. t en, react with a colorinetric sensitizer in
or on the péée’%]%‘i ’P SolbHimBticaly &GRSQF BP‘ﬁﬂ‘éﬂ‘Fhﬁ?(ber@t eempls the Forflek@rletthabc i s
col ori [ | tected and guantified using for exanple the "Rqflex”
el ectr gﬁ%“%hﬁ%%ﬁ %‘?‘?‘%8? Bty e ftyee dhereiy ag s Phepmetet oo heetel fs WSorie
"phot o er) T metal .is in one exanple M (IV) and is, in one '
enbodi ne@n.a{",pl%o o‘?? ?‘r@'ﬁ“i ISe 4t PR efabgstmente eolommetgcallycniatifiedetsinigCa cplogiRiRL er
such as htE”e g/ér ck-dqi%z{lri puted electronic nmeter called "Rgflex." Wen the
tr eat ecP OHBIET FH asdbeMemk-digbyed pleeioninmeter ealled $Bdflé0” tWeep bRt aERIE |

t he phoﬁ%?rrfter translates the color to intensity resulting fromthe
or ganorfBt &I} {f‘ateﬁ‘gldﬁ gxeres ip o BRossttodd Potanend] thg phorbth@br tesihl8 e cojor
@gect roni cal ly di.splayed on the instrunent. By "colorinetric detection
-\t Br i PN ErHiRes frpathe csgayomdhllid camplax!to astopbendatich Shdihp, whidhis 1Rad.
menbrane, filter, etc. or any liquid conposition, solution, mxture, etc.,
wher ei flschenipalivedisplayed ps thehstrument. or  contai ns a substance that is able to,
colorinetrically detect or facilitate detection of the
y “colorimetric detection material” herein is meant 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 sall, 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
. ‘ > “l»
Reagent No. 2, and “Rqflex” electronic colorimetric detection unit useful herein are all

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




15 presence of an organonetallic conplex or the netal thereof. By "dilute
basic solution" herein is neant an aqueous basic sol ution ghuayp2abkal i or
al kaline earth netal salt, including for exanple NaOH, KCH, Ca(OH)2, and
My(OH) 2 or precursors, derivatives or mxtures thereof. By "dilute acid"
herein is meant an aqueous acid solution of a mneral acid or organic acid,

20 such distriblited bAERI BCIAeE, 2 B &ion! enbadi nent ~herein, the colorinetric
detection material is a stri ap, %leoggée}rﬁwl{%{{@?es’ %gcag%‘ﬁ SR, New dnsey 0862 T.ex"

el ect r orileweRt, Ok shfRlitd SoreLethl @ Wt 1l inare all comrercially
available as a kiS]Eﬁ)?jnder thegﬁr{&é% g{}i Fﬁ“ﬁé&ﬁ WeFrgRIE St Faptithjzedd 4

January 308 cctill i .EN a division of EMIndustries, Inc.,
G bbst own, Now gﬁ@g@ﬁ%ﬁ%ﬁ#&%‘dﬁg\;&e ?”%E%%ﬁs §’BtpY5?fi]$‘eer Lgddwdionarbgn mhices.

" REFL ECTIHRJONT Lt MaR . th kit is opfimzed for detecting nmanganese in
aqueous nedi a Bnd %@?ﬁv&%@\}fﬁa llflg?ndﬁrﬁ%f‘ﬁ R elFS expernsshinthyiioesbon Mdia
current gyetk; vidgs both a kit and a nethod to detect nmanganese in
hydrocarﬂgon neg?gﬂ%sgygnlg%tl?tgglhec‘?rﬂﬁﬁgrf’éf)%“ﬂlneéﬁ@"z into the procedure as

outlined abovg, Ih ‘rriﬁqlts val idating certain enbodi nents of this

i nvention are gf aphi ol Ty esThARrrhedinepty ofithisinsention Bre gophisallyaivfinsrizapel ed
"Actual ._correspond to the anount of nanganese pipetted into each fuel
“(hydrocdt g@ﬁ“ﬁét rorgi flata poiaty labaleg ‘Shctual” gimespdntieo trdingahess RNGRAL hRehanS-
Each data point to the curve |abeled "lInvention" was the average of three

det er mi AR PshdUd fhidrasarbon matryx)ens Caltwlatad toh 6k 04 irkilth®d LBYRR4RRs, ﬁEcth%{‘a be
e

seen fromthe relationship between the two data sets, it IS possib to
gener at Botpt wath¢ burae labeled (tnventionr Witk SRR LB £ . nvention method.
(Vanganese Quanti fication by Thi's Invention e Rlerhiifiabil' SRl 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

Manga\_nese Quantification by This Invention
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invention, in an enbodi nent, converts the organi c nanganese (such as but

not limted to MMI) into an inorganic form (Wn I1) and transports it from

the organic phase on to an inorganic substrate or matrix on or in a
colorinetric | e rial or into an .inorganic conposition
such as an agﬂggﬁg&go J%P%%&n%%égﬁé sgﬁbéﬂ“ﬁﬁséﬁémﬁﬁ%?g%mﬁ%m%m@wﬁumwmu5 t he
det ecti tﬁ&&hptq%yﬁhﬁggg§ed on.the eous solution, the M (11) is

oxi di zed to N (I y PR g tomm P ttngRouts filgfiem thy arpanic phase on
organonqt%ILic coqﬁLex and subsequent detection and quantification as
descri bed “ABEVEC OB PREFIOX PN M dn gisplorisistt detreson stripmt hetkrADON Bito ki S

met hod of this enbodi ment
Inorganic composition such as an aqueous solution. Once adsorbed on the inorganic matrix of

5 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

- quantification 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
10 matrix containing the metal such as manganese or iron 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. Treaﬁnent with Reagent 1 followed by
15 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 materfal 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.
20 The energy applied to decompose the organometallic compound can also be thermal
(heat), chemjcal_, sonic, or sunlight. In one example, the wavelength and intensity in joules/mole

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




i'nvol.ves contacting the colorinmetric detection material with or inmersing
it i'nto the hydrocarbon 1o matrix containing the netal gughuay 208nganese
or iron to layer, adsorb or absorb an organic filmon top of or within the
i norgani c detection material, strip, substrate or matrix. Subjecting this

treated det &itki metheRbEEH ahbb@msat fdGh ey LMcradiation, to
deconpose the organic netallic corrpounfc]i b??ﬁ%{ﬁyoaga%gglrng?éa%ﬁ’aﬁﬁm )mq o]

ot Sanuel fo9 R IRET Seatil SOy HRR WRiine Ry ol SuRhi Eoast roypopss
treat i R nt 2.can.oxi di ze.the manganese (11) to nanganese
(1V) mnﬁg%ﬂl\ﬁ%e%g%‘b%"f PETRSHe i8I0 de Qistiflite e 'E%ftlé‘?ﬂ(l‘?ﬂ'f)@ma@albei ed o

inorganic detection material to forman organonetallic conplex. This
conpl eX EHRDE HEOP bRIABEAAFSE 7 OF QT igetal gercsoration ewiyc Squid Ugiirasrbpfaceotine
Rafex colorinetric electronic neter, to quantify.the nanganese
conéenfRHY- o o PriRdides, dydenstated bereim bf irxnspeiting ofanic m?ane%qrﬁﬂrﬁ @n QRSIAY
appli.ed to deconpose the organonetal lic conmpound can al so be thernal

(heat ) to @thisnigenic, phsenb Ecilivte detedtiogRhd qhahtiBPRioR %3 ARhShodldd and
intensity in joules/nole is desi gnedqt o match the vva?vel gﬁ%ﬁ%ﬁ@%@“@r ption

of t heimgaRnElia bid ' SRABAHA b yfbad BN 00 e gé;gr&;glgégr% i Afbanic. o

enbodi ment herein can be used to detect and quan
fuel s Lkg@t ' ntai.ning additive MVI, for_either
anti - kiege Eﬁ?ﬁ%&%‘é“ &?'ég%’g’lg%g@?dd%?m‘ftSrﬂﬂéf‘i B en CB° e 2 Rkl iy

(disti S)y. dh h ca | so be used to determne iron,

mang anie“!é’glf_lﬁoééj’ 3?‘71 & %‘e?ﬁpﬂc@o g:ge ﬁ?‘f Q‘SPR)W“FSH‘OEHWWIMWM& aod acthideadaus 5

@t rix, The principles, denonstrated herein, of transporting organic
ahyanfl® FoIHdaMoBFARin icemPqusdy i ter s piedie tThef amaho tkordefegibi on
and quantification by a nethod devel oped for aqueous inorganic nedia
canbeegaERpIie comp@amd rstealable heslie vembs aayickthBg c@bplof, GRBATRTSH | k&, i N
organi c :

: sandwich molecule, solubilizing agent, carrier, salt, crown ether, cryptands, aza-crown ether,

spherands, and the like.r Thus, for example, the sandwich-like structure of ferrocene and MMT
illustrate certain embodiinents 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 hereiﬁ

above. Yet another example includes () at Iegst one colorimetric detection strip with organic

20 ligands able to bind to or bond with certain metal ioﬁs 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 (¢) a colorimetric ‘photometer able to detect




media. Exanples of such elenents in addition to Mh are Cr, Fe, Co, Cu, Zr,
M, Ru, Rh, Pd, La, H, Re, Gs, Ir, Pt, An, Hg, Ce, and 4ajdnearytavapsi tion
netal s, | anthanides and actinides that G 10 form col ored i norganic
conpounds in the aqueous nedia. The organo portion of the organonetallic
conpound detectabl e herein can be any chel ate, conplex coordi nation group,

 sandwi cbrgabeelie cosplelRbhdeid & b, own et her,
crypt andrs aza- clrg\?mglteat her, cf ng% :#aﬁ r{cgé{gf%%dr ’flﬁa Aty ﬁ?flv{}v %Prur"éﬁi?ﬁ?l e,

t he sanﬁgyeﬁll‘bahl t rocen Ll lustrate certain
enbodi nent s of Iﬁ%&ofﬁﬁgﬁgo%fﬁ gﬁﬁo ?ﬁ%gengp ﬁdﬂ?Pgﬁst?néEWpUiYnﬂfa@éﬁ@tt abl e

15 her ejghps! | ovi ded here s a _.device, systemor kit
conpr i S|angp ° rragl'fi g??ggl%lice%%g&e%ﬁg}ﬁfjpﬁ ]éﬁgﬁei W?VﬁfeB@Ff’}é Yirrglet Mdatias hods of
detection ta us. anot.her_ exanpl e includes a collection,

combi nat i on %gﬁ%sg&n@l E"S V?’glﬂﬁ Ietudy put pre pefelimiigdetoj Bl Beilitasing iabepidhpoei n
abovse etkafot h d% rrFI e includes (a) at |east one colorinetric detection
strip with S Fit @ FYign) & senberaidl bysirearbooaveowsi fubls detheafigld et al

i ons to form an or ganonget aI lic conplex and al so containing at |east one
col or i nBiPledo PRARE aXeayiring Btk sapertifeh pnd3sivismestilpposabepl y of dil ute basic
solution, such as NaOH, (c) a source or supply of dilute acidic solution,

such as acet@‘éefa@ﬂ@dﬂ(l@l)s ofotbe ipoeset ipvamion il &Y iaPhént i@ @At | kﬁnecﬁﬁl%g% and
(e) a colorimetric photoneter able to detect 7 4 January

or ganorigen|congdaainpl dxhe sredichtial imhpasica offur&qhvéhﬂoﬂﬁlsel%éar hé {IL ensldy- The
WV source useful herein can include, for exanple, the sun, fTlorescent

| anps, thmahmnsbeemecrtﬁamtpm ard\elaifdsadiatida® “hapR &g viSes able to
it radiation in the wavel ength of ultraviol et§’rr%d| atfaﬁ)é]n&rllfg%a{}l’ ag%s of

S check of et al addr b e conmons Fbieligflab@ictbe o bt SR edons
fuel s imolehdarfwedgld, pe2dent, ratio, reaction conditions, and so forth used in the specification and
claims are to be understood as being modified in all instances by the term "about.” Accordingly,
unless indicated to the contrary, the numerical parameters set forth in the specification and
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 reported as precisely as possible. Any numerical value, however, inherently

contains certain errors necessarily resulting from the standard deviation found in their resﬁecﬁve

testing measurements, It is infended that the specification and examples be considered as




Sinple to operate, requiring little expertise, and 3) it is readily
portable. Qther enbodi nents of the present invention mﬁlukgau@pgaoent to
those skilled in the art fromconsideration of the specification and
practice of the invention disclosed herein. As used throughout the
specification and clains, "a" and/or "an" may refer to one or nore than
one. 10, VY] I ?? ted.. It nunber.s expressing quantities of
i-ngr edi e%}gﬁﬁrﬁ%}gﬁl}{‘feiﬁghg pggmgr%]l“g(? f rm‘(/%f‘%‘hg‘?m%é‘f*dé%ﬁ*ﬁd, by teifellowisgct i on
condi ti @R§ys.@and so forth used in the specification and clains are to be
understood as being nodified in all instances by the term "about."
Accordingly, wunless indicated to the contrary, the. nunerical paraneters
set forth in the specification and «clains are approximtions that may vary
dependi ng upon the desired properties sought to be 15 obtained by the
present invention. At the very least, and not as an attenpt to limt the
application of the doctrine of equivalents to the scope of the clains,
.each nunerical parameter should at |east be construed in light of. the
nunber of reported significant digits and by applying ordinary rounding
techni ques. Notw thstanding that the nunerical ranges and paraneters _
setting forth the ~\1 broad scope of the invention are approximtions, the
nunerical values set forth in the specific 20 exanples are reported as
preci sely as possible. Any nunerical value, however, inherently contains
certain errors necessarily resulting -fromthe standard deviation found in
their respective testing neasurenents. It is intended that the
speci fication and exanpl es be considered as 8 4 January 2007 exenplary
nly, with a true scope and spirit of the invention being indicated by the
following clains. 9




4 January 2007 WHAT IS CLAIMED IS 1. A nmethod for detecting the presence
of a nmetallic species in a hydrocarbon natrix, conprisi agiangary@@otacting a
hydr ocarbon matri x contai ning an organonetallic conpound wth a
colorinmetric detection material conprising a colorinmetric sensitizer

chem cal able to react with the netal of the organonetallic conpound; (b)
causi ng WHARIZ coalvatmgen the netal fromthe organonetal lic conpound and-
the colorinetric sensitizer chem cal sufficient to forman organonetallic

conpl ex,1. aAdmebd dot eftdchfy HHE LR of the aorganonetal|ic conplex. 2.
The nethod of claiml, v(\:/nggr ein't ﬁg&ge e?:tng%\]hﬁa?pggf:salm iasﬁglﬁ%‘é% mgtrix,

suf fi ci entconfpesk jally liberat.e the nmetal of the
or ganonet a(i lic S%n%gﬁﬁ%ta?drn%ﬁ?E’%@gé%ﬂﬁ%loﬁnt *oRPEYPE Al TanameRlicgeomnoundn

mat eri al . 3ih dR610AR} aiel al.m 2, wherein the.energy is in the form of
heat. 4. The nethod o cﬁ%;lh%] g%a@\f\ﬁle?oé?mwﬂ%a YHPFF SensHizenheminahrlle teoni ¢

radi ati on.ens wERem claim Wherein the energy is froma chem cal
reaction due to a gﬁ%%}?rg%tlo eé)(ﬂ'%?élamg%].hcfﬁ@])ﬁ’é‘idr’léﬁ) ERUSIBE Bj 1eRcRion Miebyeen rthe he
energy is jaqt rm of ultraviolet radiation. 7. The nethod of claim 2,
wher ei n tr#éagn%b?%f)t/}% (g?gi?nr? MLl crrRogRd aithihe gplorimgiricTesitinst Phothicll seffisiemt 2,
wherein t ergy 1 s radiation of a wavelength and intensity (neasured in
j oul es/ mﬁgf&g}bglgroﬁ%aﬁowp I eConRln gRd (R detasting Misopmeensubf thei @ptnohmtallic
decorrposecgai]d conpound. 9. The nethod of claim 1, wherein the hydrocarbon
matrix is “S8P&Eted from.the group consisting of gasolines, petroleum

distillat q_hf uelths,d erasene, di_esel fuel, biodiesel fuel, fuel oil, crude
oi l . . ¢ metirod ot 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 meﬁod 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
L _ (measured in joules/mole) absorbed by the organometallic compound sufficient to
decompose said compound.
9 The methqd of claim 1, wherein the hydrocarbon mairix is selected from the group consisting

of gasolines, petroleum distillate fuels, kerosene, diesel fuel, biodiesel fuel, fuel oil, crude oil

10




10 4 January 2007 refined oil, lubricants, engine oils, transm ssion
fluids, hydraulic oils, aviation fuels, cutting fluids, 4aadugiysXDy!| ate
bottons. 10. The nmethod of claim1l, wherein the netal of the organonetallic
compound is selected fromthe group consisting of wvnh, C, Fe, Co, Cu, Zr,
Mo, Ru, Rh, Pd, La, H, Re, Cs, Ir, Pt, An, Hg, Ce, | anthanides, and
actinides. 11. The nethod of claim 1, wherein the presence of the
organonetal lic conplex is detected by a photoneter. 12. The nethod of
claiml1, further conprising the step of conbining the detection nmaterial

fromstep (b) weghdy & nug?%?{ﬁt ?ngnﬁ%ﬁié %ﬁsnlaés%anq}lﬁ | {400 5% L‘!}%ﬁtﬁﬁ@aﬂ

partially |liberate e drganoneta conpound é net hod

of claim 12, fuitidpeuidsoaigidisgilagbdtidesst ep of conblnlng t he basified netal
with a dilute acid to oxidize the netal to an oxidation state able to react
with thel%ol oFliareethadof sl |twheesin B eneiad of the aganomistallivesopeungfis ¢l ai m 1,

wherein the concentrati pn of the.or t i

hydr ocar bon mat % {/%alfrgmdg? PP ﬁ%rlfl%];‘/lgto?% éi’tlilerlgotﬁ‘é’r? F{fl’(r‘]l%]il i%al 1y

det ected col orp 4 HieRs! by 101 UACHE! AADAMRLAL by Rafpkex into a metal
concentration val ue. The nethod of claim 14, wherein the organonetallic

conmpound 1ls nﬁﬂhmhahnmﬂhmﬁmnhﬁmnﬁnmbpﬂaagaﬂﬁsemgmkﬂamhmmyhphik 4 January

2007
detected by a photometer.

12. The method 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.

13. The method of claim 12, 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.

14, 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,

15, The method of claim 14, wherein the organometallic compound is methyl

cyclopentadienyl manganese tricarbonyl.

-




16. The method of claim1l, wherein the hydrocarbon matrix is selected from
the group consisting of gasolines, diesel fuels, biodiesglarduagl207f uel

oi |, industrial hydrocarbonaceous waste, and distillate fuels. 17. A
detection systemfor detecting the presence of netal in a hydrocarbon
matrix, said detection conprising a colorinmetric detection materi al
conprising at |least one colorinetric sensitizer chemcal able to react
with a nmetal of an organonetallic conpound in the hydrocarbon matrix. 18.

‘The det ectigon ShtRModbr Shidl Mwhéreir tHE &y ARIca®ON LR i{\G1eRted BUIGR: Sy adi ati on
sufficient to |liberate the netal in the organonetallic conpound fromthe

conpound. 19. Tossidiet eCgasdines Yistebfnelf bialiaelfuels/ fuef il trldestristonpri si ng a neans
for colorinetrically detecting the presence of a netal. 20. The detection
system of cl ai rAv4rPearbanagenss waskniseidistitaie B8l or nore reagents effective in

conbi .”i ng lt7he %&e@ 1I)r§ r?yrs‘%e#}& &Eﬁ%@fp qggﬁrg‘slelui:ecof G2 Ql%%?fdrvg;:z}rpont rQ&ri)?,' tsaih east one
colorinmetric sensitlze cemca.gl
detection comprising a colorimetric detection material comprising at least one
colorimetric sensitizer chemical able to react with a metal of an organometallic
compound in the hydrocarbon matrix.
18.  The detection system of claim 17, further comprising a source of radiation
sufficient to liberate the metal in the organometallic compc;und from the
compound.
19. The detection system of claim 17, further comprising a means for colorimetrically
detecting the presence of a metal. |
20. The detection system of claim 17, 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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