27 March 2007 USE OF MANGANESE COVPOUNDS TO INHI BI' T BOTRI%!Z%?
H GH TEMPERATURE CORROSI'ON IN UTILITY AND | NDUSTRI AL FU qll]:jl\/s FI ELD
- OF THE I NVENTI ON The present invention relates to the reduction or
inhibition of corrosion in an atnospheric burner unit by using a
f uel -borne organonetal |ic conbusti on system contai ni ng nanganese, or a
manganese pr@égEr@DrMANGANESE aroMEIINGS | B -1 NHEs 8y $@m myw-faNd her contain a
catal yst packd@ié- TEMRERARYRED CORRGB/BAN 10f WINE, OFY MAN® IiNmisirial
organonetal | i ¢ conmpounds of Li, NAJRNMQCEMSYSXEMS Sr, Ba, M, Fe, Co, Pt, Ce,
and conbi nations, m xtures or precursors thereof The manganese corrponent
of the cEIBLDGOF FHEMGENTIONe present invention reduces or elimnates the
poi soning of the conbustion system whereby inproved combustion and
reduced eni ssThonmescatSutentionceneding it@Reductibii S inhiBUBALE OO SEIMES %m?oesctoer
pur pose g{ !gra!\:\ﬂetré?&ng bgtﬁg&gl gh- isand Iovx;/tu;{[]rper a;ure corrosion t I
on t he henm esig D@E ofedidtaa il Bus#d aQl er
surfaces o f the burner wunit exhaust stack. BA m&%ﬁﬂr@g%ﬁ@gﬁ%ﬁﬁm
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the control of environmental pollutants where fossil arhee” for

exanpl e, thitmayriteenmpbsed oMdiSE dR 1ﬁ‘<ﬂlgidﬂﬁ%rgaﬁﬂﬂedaﬁlc%&ﬂh&ﬂﬂgr?'lewér}?rﬁ 3 Ch as
t hose used in home heating, industrial furnaces st ea

gener at d¥rsBs, ¢, Bouo, Pt €le, Didlco@binsRRk, -« @ﬁg@rgg . r ved from
transition metals such-as manganese, cerium pﬁétljls?\%?"ﬁo'? Jﬂbnm b i1 e

nol ybderomposdok af the dllft SackMeldr a2 phdstddiidd and . ssi.um and
al kaline earth metal s su?:ah tlgg cal &1 um lnggtr@{s)ﬁg{ij%@%ﬁl EIR ﬁg%ﬁ?is%‘éﬂglotfm can

al | senhecodtius@ish e Switdh Ghb6edf LEln RS SSI Ln control catal ysts for
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occurs on the hot surfaccs of bumer fumace walls and tubes, and on cooler surfaces of the bumer

~ unit exhaust stack,

BACKGROUND OF THE INVENTION

Fuel-bome organometallic combustion catalysts are becoming impoctant in the controf of
gﬁyironmental pollutants where fossil fuel is burned, for example, in internal combustion engines
and i stationary bumers such as those used in home heating, industrial fumaces, and steam:power
generatocs that bum fuel oil or coal. Ocganometallics derived from transitioél. metals such as
maagaagese, cedum, platinum, iron, and mot ybdenum; alkali metals such ra-s {ithruin, sodium, aad
potassium; and alkaline earth metals such as calcium, magnesium, strontiwmn and badum caa all
sérvc variously as effective fuel-borne e(ﬁission coatrol catalysts for controlling production of 500,
smoke, hydcocarbon, carbon monoxid-a, sutfur tdoxides, and oxides of nitcogen emissions.

7 However, the vast majority of Vfo.ssil tuels contain certaia contaminant e[erﬁents such as sulfur,

phosphorus, varadium, etc. that biad with these fuel-bome catalysts and wnhibit them from




Howevehr, the vast majority of fossil fuels contain certai hiant
el'ements such as sul fur, phosphorus, vanadium etc_ that @gﬁﬁ%&"ﬁ%@ft hese
fuel -borne catalysts and inhibit themfrom1l 27 March 2007 efficiently
perform ng their intended purpose. In addition, sone conbustion units are
const r ucHRGentiYiptdforfiPthSir inSdHaABd ApbdeOM,adWiRbs; RoiB 8 BorlsHb L Grits %rc%&gl%cte@r
poi son an em ssion contr ol system Hi gh-terrperaturga corrosion (above 4000
C) "OCCUN;iiHet 8, sHAH asIidh! 6ER c oid}%e, € ,S(;ﬂlpgﬁon !#:érﬁiséi&a &rnﬂgpskﬁ 0y fuel
contam nants such as sodium vanadi um and i ron. IS corrosron 1s” pronoted
by oxygen negfi.ia 2Rt d& J i I vanadat e ,.conbusti on -
lg@i@?lﬁ n%'sliroflgaql?%e hmooﬁ%ﬁé}rﬁ_\[ﬂ%onsl%q aﬁi'@ces Q emg Ohte .

products absorb I's oxygen t orm g sodi um’vana

{1xes Vb o bYRLYcGRERR AN INALO SRR Mk 20 b

formng a corrosive and tree-il ow ng

whose. 1 BHed Db ERiear won e m nisRBed roBHET wivgr SRR he
fuel. The iron in effect |owers the.fusion: tepperature of the slag, and
ust 11 RESTH S estp o R ing PARRIVINGAH mpate FPisk 8t eRideivels eemotibove,

this nolt s] corrodes and_erodes the netal surface in a simlar_ manner.
Lowt ewﬁ@‘f&iyﬁ?’g&’ ?‘gecfg?ﬁ]ﬁ HufagaPybppmey corpsivand frepdloving sudageadloy wighon of

a conbusti on nit towards the exhaust stack. -Fuel sulfur, sodium vanadium .- .

and i r offedBfelc uethssoaldhat dayohigh lexelg plisen aiveanash swrfge denssiawbiosediesion | n
the presence of oxygen, both independently catalyze conversion of SO to
S03 at FAmpsrAnERfdE 3ties caprgniraioniessense indbe Bk Thybleninetfestilowers theifusmi on -
water. at | ower tenperatures in the exhaust stack to give corrosive sulfuric
“agi d.  THenesure of tho tlag, and it likeribe lovumelinpedivmyanaddvanoditofivps deedisds i s
‘avai l ability of oxygen near species and surfaces capable of shunting it
i nto t habevsrtbisarolign slag tarcalss amferedes g nastal evifen i ¥ gmifai mérewance cost,
corrosion nust be inhibited or slowed down. It would therefore be desirable
to scavenge Lowe-tenepeyajem comsendont ®elpweso? €) tdnecowrin thsicosler region of a combustion
unit towards the exhaust stack. Fuel suffur, sodium, vanadium and iron can cause this corrosion.
- Sodium vanadylvanadates and imn, in the presence of oxygen, both independently catalyze
conversion of SO; to 8O3 at high temperatures and the resulting SO; hydrates with combustion .
“water at lower temperatures in the exhaust stack to give corrosive sulfuric acid. The key to both
high- and low-temperature corrosion processes is availability of oggjgen near species and surfaces
capable of shunting it into the corroding surfaces. To avoid an expensive maintenance cost,
) +  corrosion must be inhibited or slowed down. It would therefore be desirable to scavenge the
oxygen used to promote the corrosion.
Fuel-bome organometallic combustion and emissions control catalysts, such as those of

cerium, platinum, manganese, and iron are used in engines and burners both to lower exhaust

particulates, NO,, hyc_lrof;arbon, etc, and as light-off catalysts for passive diesel particulate filters




Fuel - bor ne or ganonet al lic combustion and enmissions cont roI2 Q\%&aﬁﬁ ¢7s, such

. . . Cl

ag those of <cerium platinum nanganese, and iron are use n eng nes and

. burners both to | ower exhaust particulates, NO, hydrocarbon, etc, and ias
I'ight-off catalysts for passive diesel particulate filters 2 27 March 2007

{ (DPFs catal yzed. diesel partic > filter C- DPFs nd. gont i nuously
regener éhp Hy» ?@Wﬁg 3’6@%} PEﬁ“é‘é‘E‘F fi ﬁrtsl#i:{ﬁ%é)e %m# ?Opﬁg‘goélsﬁpﬁll Bﬁ@%% teﬁg’gt?g?’ 0 |
filter particulate fromthe exhaust stream The true effjciency of these
cat al yt i dessbiartiquiatastiltegs (FrbPEEpdeed Bylterpartolatefiom the exhaps ‘%ﬁ@l’ ™% om t he
surfaces of the conbustion unit, of certain nmetal contam nants with which
t hese acudiigigngsof haseeatalytic eddifivess qogpromiseddy; thgpregsnoeingths Peloor %F“?lﬁ'e
catalytic activity of the additive is sacrificed and is no ] onger

avai | ablssrfacss pBthe opmbustien wnit, efresatdintaaial comummmptywith vwhigh thage/ddit eRha¥eor di ng
to the present invention, nmanganese, when introduced in its various forns
pr ef er entacalfitsy Inelabizsoyd porticnnd e ratalytio aetivity whithe additiveig sgcaSecd®A islifi nant s

. thus allowing the respective organonetallic catalyst to conplete its .

i nt endedosger swilalile coperfoah its oltendediagk. ef fi ciently. By the present invention,
t he manganese al so scavenges oxygen away fromcritical surfaces and from
‘speci es such as sodi um vanadyl vanadates, iron, platinum etc that woul d
otherwise utilize this oxygen to pronote surface corrosion, and shunts

t hi s oxygemM ARV GF MHEINVENTONe carbon oxidation reactions. The
manganese I n. the catal yst package achieves this by reacting with this
oxygen and USAd@rdidg th hePrdsehtafebfidi) Siangza8@, Whdndafodioebiniie @arioms &ambon

di oxide. The result is a significant reduction in corrosion of the surface
~areas of , LAR,GORRURI With #B el 8dthnhihmtSorhaviRt comanmage wmy alloving Gae

~enbodi ment of the present invention, it has thus been discovered that

-mngane-sl%sﬂ-e&ive organometallic catalyst to complete its intended emission control role more effici ently.

- By the present invention, the manganese also scavenges oxygen away from critical surfaces
and from species such as sodiu.m vanadylvanadates, iron, platinum, etc that would otherwise utilize
this oxygen to promote surface corrosion, and shunts this oxygen to the more desirable carbon
oxidation reactions. The manganese in the catalyst package achieve; this by reacting with this
oxygen and using it to oxidize carbon, and carbon monoxide to carbon dioxide. The resultisa
significant reduction in corrosion of the surface areas of the combuistion unit and its exhaust
p&ssageways.

) ) | In one embodiment of the present invention, it has thus been diSGmre_red that manganese in
ﬁlc_e fuel when admixed with fuel-bome organbmetaiﬁc catalysts preferentially reacts wnh certain
contaminants in the fuel or othérwise introduced into the combustion, such as sﬁlfur, vanadium,
jron and phosphorus. The intetaction Behveen manganese and the fuel contaminant produces a

non-poisoning environment in which it is ideal for the organometallic catalysts to effectively




1 the fuel when adm xed with fuel -borne organonetal lic cat aéz&s h

i preferentially reacts wwth certain contamnants in the f BF %Qq?ervm' se

- introduced into the conmbustion, such as sulfur, vanadium iron and -
phosphorus. The interaction between nmanganese and the fuel contam nant
produces a non-poisoning environment in which it is ideal for the

or ganomebal i CThat A -} 0 ively 3' 27 ch 2007 aqperate. The

cat al yst sg%rs ef E{i in lfsﬁs[e&sfrugglg&ﬁ% # :éér?\l}%lﬁfr‘i;/ngﬁn Eaé’ﬁmil\{‘?f%lo&‘a%r T8P7& ofsanempptallic

or ganormne i ounds. of .el enents sel ected fromthe group consisting of
Li, Na, K?A’ﬁg“?‘dsca,ei%‘%?&ﬁg{e“ﬁ% ,?‘O‘I‘i‘g},?e TRy coppisiinget Lhﬁ\@a %dﬂﬁ?@?aﬁs SasMopFect ur es,.

or precubgoigts_theéeof.. Itn anat her enbodi nent is provided a nethod to

i nhi bit corr oSSR ST RE FUKUES GRICUSRIS HStReEi ng a fuel , whereby the

met hod includes adding to the conbustion a corrosion-inhibiting anount of
a manganese soWrEE®" e@gjmfrﬁet“épé’éqvﬂcifﬁ,a'm@‘h‘?ﬂt@ﬂfﬁ%ﬁﬁ e9grosion piy enmateistionaumit
“interacts”, herein is meant scavengi ng. By "scavenging" herein is neant the
cont act i FYAPUSHRGH fehgvirrebe the mefhed inglu w@émsm the icomybustiehe percasidnyinhibitiigng
with or to, physically bonding with or to, adhering to, agglonerating wth,
af fi xi ng?™PHACE # PAPEANGSe SoBff8er i ng i nert, consuning, alloying, gathering,

cl eansi ng, consum ng, or any other way or nmeans whereby a first nateri al
makes a secorldly nateeactian,” (imteratipg B[ atassct| gEls intervas letrieis nByint seRrgangse”
herein is nmeant any manganese or nanganese-containing material, conpound
or precursor ,Bxiretveaginglihemintis fneait thed:ohiactingt sonbiniyg Withavioad SRrpiTaRGANese
~tricarbonyl available fromEthyl Corporation as MMI(r), and nanganese

sul f onat emicaliydnedies withent, ghysivalip baetieg; wistl dray, adh@ingey,cbpeREAHE V!
.manganese tricarbonyl, al kyl cyclopentadienyl nanganese tricarbonyl,
‘organi ¢ affinigasiesweiviting; amdedny inelg coymiriNg alloythd whthéiitg! ARREEUENHhing, or
manganese derivatives, bis-cyclopentadienyl nmanganese, bis-alkyl

cycl operdangrdlice mal or means whereby a first material makes a second material unavailable or less

" -available,

By “manganese” herein is meant any manganese of manganese-containing material,
compound or precursor, such as but not. limited to methyl cyclopentadienyl manganese
tri_carbon;(l;' available from Ethyl Corporation as MMT®, a1‘1d manganese sulfonate, manga.nese
jahenate, manganese salicjflate, cyclopentadienyl manganese tri_carbonyi; alkyl cyclopeﬁtadienyl

_manganese tricarbonyl, organic manganese tricarbonyl dcrivaﬁvéé, alky1 cyclopcntadienyl
manganese deﬁvatives, bis-cyclopentadienyl manganese, bis-alkyl cyclopentandienyl
‘manganese, neutral and overbased manganese salicylates, neutral and overbased manganese -
phena'tes, nq_ltral and overbased_ manganese sulfonates, manganese carboxylates, and

combinations and mixtures thereof.




manganese, neutral and overbased manganese sali cyl at es, nérl;]}tral 2&‘?7
over based manganese phenates, neutral and overbased nmang é\g%rd% onat
‘manganese car boxyl ates, and conbinations and m xtures thereof. 4 -----
------- © 27 March 2007 Thus, in an enbodi nent the present invention _
provi des a i. 004 DI orrosjon of a conbustiqQn unit conbusting a
fuel, said %ﬁ%g" %@%ﬁb‘g? lﬁg ﬂge st?a{ ?’Benglﬂ%p?(’f’r?]ﬁ%% Fﬁcg’ﬁgéo inhibit corrosion of a
corrosi Qn=hnhi biti.n nt .of a.jmngapese source. Thus, in an another
enbodi ne%r%{dbpﬂleo%ﬁ?uetg ‘%‘?‘%ﬂ%&ﬁ?‘i‘nﬁ%‘ﬁ@g? psispg afdipg 1o ke cospbnstionet al | i c
conbustion system..containi a fuel and a catal yst package containing at

| east (f(r%goﬁé?'ﬁﬁggét&ﬁ'%qunéﬁfgﬁgﬁﬁ?ﬁj&??&%wﬁ% a co-catal yst, wherein the
manganese ing%he.s stem conbines or interacts with at |east one fuel

cont ani nant séPedt nf’a?ﬁ‘"rﬁr’f‘tl’?é“@?%ﬂ}ﬁ Pes P iinventing psdvides alffielborphos phor us,
vanadi um_iron, and conpounds thereof, and precursors thereof. The

cont am P5FAOmERHly cambugiton systeny.noatinivg a fucband aphtslyshmackage candindighe feagl enent s
and their precursors, can originate in or fromthe degradation of the
steel o0 FsHI seveeapni Mnganese@s acedcatalysty whereih theheanpandsd sif iheysiht and/ or

its exhaust passageways. The contam nant can also find its way into the
‘conbust CBRbBYSerdnictctstviith 3t leastame fuel cemttmipantyiected fromthagpupthieistineans or
sources, such as but not limted to conbustion aids and adjuvants,

T'ubr i cafeléur, phespliveus; veiadisoy iros, and volnpamds thefebf, afid Hratksors tHrorude fuel , tar
sands, coal or still bottons, and air. By "conbustion unit" herein is meant
any and al | Th¢ emtaiinandudxdsentiial vaadimsion fhospiithss 883 otiBCRIHRES andlele’ S-
furnaces, incinerators, evaporative burners, plasma burner systens, plasm

-arc, st ptecenas,ycaboriginats inordrotiihe Hedsaavbt 6] 60FRUSht@ing fribhilg inkan be
‘.conmbusted a hydrocarbonaceous fuel. The conbustion units effective in the

utili zabf thecabbistien piiemeRt its exhaust passageways. The contaminant can also find its way into

es,

the combustion system of the présgnt invention by or from any other means or sources, such as but
not limited to combustion aids %md adjuvants, hubricants, in the fuel source, such as is often found
in crude fuel, tar sands, coal or still bottoms, and air,

By “combustion unit” herein is meant any and all internal and external combustion
devices, machines, boilers, furnaces, incinerators, cvaporétive iat;mers,‘glasma burner systems,
plasma arc, stationary burners and the like which can combust or in which can be combustéd a
hydrocarbonaceous fuel. The combustion units effective in the utilization of the present
, ﬁ“) . invention include any and all burners or combustion d_eviées, including for example and vvithouf
limitation he{ein, stationary burners, waste incinerators, diesel fuel burners, gasoline ﬁel |
burners, power plant generators, power plant furnaces, and the like. The hydr;:)carbonaceous fuel
comb.;lstion units that may benefit from the present invention include all combﬁstion units,

systems, devices, and/or engines that burn or oxidatively decompose hydrocarbonaceous fuels.
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~in the opéra

i nvention include any and all burners or conbustion devic?§ iquﬂging for
exanple and without Ilimtation herein, stationary burner ,BQﬂg
incinerators, diesel fuel burners, gasoline fuel burners, power plant
generators, power plant furnaces, and the |like. The hydrocarbonaceous fuel

conbustion uny fit fromthe present invention include al
conbust i on uﬁ‘%ezs,SR‘R%%}%g’?k%&@%@é&““&ﬁ&?‘ﬁ'ﬁ&ﬁbm&ﬂf PRICSSBIYANteNK| dat i vel y

deconpos ocar bonaceou uel.s. .5 27 March 2007 = Fuel s suitable for use
oo hstE PR RRRE Frebiriihsce B Hmied o disanhfulioies toploiacrieta

hydrocarggnace?us Hﬁgls such, as but not Iimted to diesel fuel, jet fuel,

al cohol s T8 RE/QY sulpy fucly, sgnthetis, fucly speh asthissher- Tropsrbifuals, dighidatetolesmghs, as

.Fi scher-JTropsch fuels, liquid petroleumgas, fuels derived from coal,
eﬁ@gﬁg

coal, g gyqdyfrom, geakonl genstiegliyeneingered biofists and drops andottmcts Herafongm
natural gas, propane, butane, unleaded notor and avi ation gasolines, and
so- cal | etptyak s aropnedutapssellsadedmator aid awasioo@hioliney ntdisacdiied refhymaanr bons
of the gasoline boiling range and fuel - sol ubl e oxygenated bl endi ng agents,
such as gaseliiesmdichdypieslly can@indiotiehydserattaint of thx yapetine bailitgianpdgidangani ¢
conpounds. Ot her fuels that are useful in the methods and conbustion units
of the pioddbnexyeenatadttiowling agenyasoti asenlcoholskeatiorf a6 othd@atab{dbssear sl urry),

~crude oil, refinery "bottons" and by-products, crude oil extracts,

hazar dowonieareeganiacanpaindsi Oder feld s lfeisefula 9kt HBhES RAdoSBN AN Shit
agricultural waste, fodder, silage, plastics and other organic waste

and/ or  byf-r preeot isyensiod ard gakoline Shunker REf coabikseFulusiyDRAude SHSREASLONS, and
di spersi-ons thereof in water, alcohol, or other carrier fluids. By "diesel

fyel " helbettoms" sandbpptodans, @udd Bl exthuts 18z HehRGHAMs, yfafcptﬁhmh!ﬁg%g%s&O“Si sting

%ef di esel fuel, biodiesel, biodiesel-derived fuel,” synthetrc i esel and
m xt ur esvdddehipetnd s30ygenagacnlttil hahk ol @, PREd ﬁﬁgtlicsléﬁgo 8r &BmiPhaseNt
invention include nethanol, ethanol, isopropanol, t-butanol’, m xed

al cohol sind@t tepidxys,ahd aientcPMeleof, MBE RuIsiRS IsugietsiB ¥ld ﬁgﬂy?srions thereof in
| water, alcohol, or other carrier fluids. By “diesel fuel” herein is meant one or more fuels selected
from the group consisting of diesel fu‘el, biodiesel, biodiesel-derived fuel, synthetic diesel and
mixtures thereof.
Oxygenates suitable for optional use in the present invention include methanol, ethanol,
isopropanol, t-butanol, mixed' alcohols, dimethoxy ethane (DME), methyl tertiary butyl ether,

tertiary amyl methyl ether, ethyl tertiary butyl ether and mixed ethers. Oxygenates, when used,

() will normally be present in the reformulated gasoline fuel in an amount below about 25% By

volume, and_ preferably in an amount that provides an oxygen content in the overall fuel in the

range of about 0.5 to aboiit 5 percent by volume.




tertiary anyl nmethyl ether, ethyl tertiary butyl ether an I, X ers.
"Oxygenates, when used, will normally be present in the rggﬁ?ﬁaﬁad

gasoline fuel in an anount bel ow about 25% by volune, and preferably in an
amount 't hat provi des an oxygen content in the overall fuel in the range of
about 0.5 to about 5 .percent by volune. 6 27 March 2007 Thus, in an
enbodi nent the present invention provides a nethod to inhibit corrosion at
a tenperaturg |l ess than.. i xhaust : Y. of .a conbustion
cni ¢ bonbust [ 1 P saroain e plotrd i EiaaHAL RE S AU BhiR SRS On o
corrosi on-inhibjti t of nganese. rein the cqgrrosion is. caused
by compiEreRiBlrsHiPange] < mdhe eHhapl passpes et aREbp B it P RbuRE S TofS | o
provi de | ower i ntenancg.time, materjials, and_casts due to _reduced | ow
Bnd hi gFfid BheR SPTPERG g tgﬁle&eeﬁ)flftf%a oS a-BPHBE 2B O FAEHIESH
~units. Thus is provided a nethod to reduce corrosion in the conbustion unit

and/ or wherpirethsgouesipmissagssddy combuedtion dypaddustsst eel , iron or ot her
corrosion-prone materials in a conbustion unit conbusting fuel and a

manganese SQUiogRr fnirt!bf M8 presGRIHERIH is t O FroRid ?ﬁ@ér.nﬁﬁx‘(t@%’c?ﬁmiesmgtg g ovi de
a method of tying up elenents, such as vanadium iron, sulfur, ang >
PhoSphofmdSostMindid rERidePloMeind LI tgﬂgégﬁré aﬁrclc_:ﬁ)h%c%ﬁﬂ'lﬁ Aot ﬂmtngr O

catal ysed fuel conbustion system Accordingly, the p%esen i'nvention

rel at e, t | ' el -bor.n organonet al | i
enissi?ﬁgmgggﬁfg &Cgﬁgﬁggﬁﬁg%g%gﬁﬁgﬁihgﬁgg%éggmg§lgﬁ§3@3§w§vys %%ﬂﬁéfeby
the or | | . der ed re effective to ipprove carbon
bur noutlg%%%eulg{ ﬁé#ééﬁ%@gﬁ%{)ﬂ%lﬁ%ﬁ& hlé%%rror{%‘?r “PHES FXRR0E e, dh? or both,
where 't erature i s abgve, about 250 C. --The present invention al so

rel at es‘,zg %Rasghotuﬁgrcogﬁﬁsg&gﬁéegfnq HIPREIFIF RMGel - bor ne _

A further feature of the present invention is to provide a method of tying up elements,

borel

h
?

such ag vanédium, irqn, sulfur, and phosphorus, which can otherwisé poison the catalytic activity
of a catalysed fuel combustion system; ' | |
Acgordingly, the p;csezit invention relates in another embodiment to usc. in a fuel-borne
organometallic emissions control catalyst system of manganese as a co-catalyst, whereby the
.- organometallic catalyst is rendered more effective to improve carbon burnout in either the
combustion phamber or the exhaustr stre:am, or both, where the tempe_r-‘atl_ue 1s ab-o_ve about
250 °C.. -
The present invention also relates in another _embodimcnt t-o use in a fuel-borne
) . organometallic emissions coﬁtrol catalyst system of manganese as a co-catalyst, whereby the
organometallic catalyst is rendered more effective to éontrol corrosive sulfur tribx-ide producti;on
in cithe; the combustion qhamber or the exhaust stream, or bOtl;l, wheré the.temperature is above
 about 250 °C.
Additionally, the present invention provides a combustion system having a fuel-bore

organometallic emissions control combustion catalyst, wherein a fuel contaminant preferentially




} organonetal lic em ssions control catal yst system of nmangar
co-cat al yst, whereby the organonetallic catalyst is rend%?tl}g%%%?gma
effective to control corrosive sulfur trioxide production in either the
conbusti on chanber or the exhaust stream or both, where the tenperature is
above about 250 C. Additionally, the present invention provides a .
conbusti on system having a fuel -borne organonetallic em ssions control
conbust 1e8¢is Bathanyanzanaah er-eatalyst rithed thaotht arganandtalie edfdyents @dd itannér, 27 Mar ch
2007 reacts with a nmanganese co-catal yst rather than the organonetallic
cat al ysscavangingtif shenntagrinant by theangigngsofs schievedont am nant by the manganese
is achieved. "I n yet another enbodi nent, the present invention provides a
met hod to pdsgevabtherahbidimsnt fhapaset oneAlic EviEFR2ARMId BipsshafopiuiSt i on
unit conbusting a fuel, wherein the surfaces are exposed'to the product of
the conbufstdsenntainh Ref® witihedohhetivgest Rt a s Wit e s&??cgé‘&eOf a
source of manganese to the conbustion, whereby the manganese reduces at -

| east sexpBsedito tHBProduePehBmbASBR, aniiifd BB od iE&u&EEfa&dingé&'éxftﬁ&@nt'aﬁmﬁ&%?‘avat ed.
The present invention further relates to nethods to rétard, 1npede or

pr eventsohits of Ah@atde e i ' y irable
conbustion by- pr%guct@ﬂl%\gglgrggdsiuﬁg’ ‘?%%ggzﬁquﬁﬁégg%}eeg%ég?ﬁ%g&preecg Tt

i nvent igho, ﬁ%a@é%h%bﬁ@@ﬂ%&??ﬁdgggy%%i&%ﬁb“ti on process or inmmediately

thereafter prevents the undes Idation of S02 to SO3, usually
catal ysed byrykrQRent; Y r_vapadi um of.ten found in conbustion
products. Thi sp&ggn { gﬁ%%%ﬁ] %&gﬁ{%f{?%‘g "‘gsf“’“‘rt%fﬂd&‘ipﬁ YPr e ehifiat i ng t he

- productd.an hd, read n-. ing S03.fr t he comqustion o .
et oSO R AL TR AR LSRN Shosortng e
~invent IC%OF??&W%&%@%F%*%% 0031, ft‘{éj‘la 1{1?!?@2@ c;{lﬁace;%%*%{iggg%cgsgoiuel - bor ne

or ganonet a Cc CO ron C

immediately thereafter prevents the undesired oxidation of SO, to SO3, usually catalysed by iron,
i)laﬁnum, and/or vanadium often found in combustion products. This has the beneficial effect of
reducing or eliminating the production of acid rain-causing SO; from the combﬁstion of
hydr_qcarbonaceous fuel.

Thus, in yet another embociimcnt of the present invention is provided a method of
improving the efficiency of fuel-borne organometallic combustion catz;l;sts utilized in a fuel
comj:ustion system, compﬁsing hdding to a fuel having one or m(-);e contaminants selected from

f) ‘ ' sulfur, vanr.:ldimn,.i.ron and phosphorus an amount of manganese sufficient to, upon combustion
» -of the fuel, interact with at least one of the contaminants.

Ttis to be understood that both the foregoing general description and the following

detaile‘d description are exemplary and explanatory .only and are intended to provide further

explanation of the present invention, as claimed.




combusti on system conprising adding to a fuel having one.gr [ '
contam nants selected from sul fur, vanadium iron and pho?gé‘ﬁ%[‘ﬁl%g"%?n anmount
of manganese sufficient to, upon conbustion of the fuel, interact with at
| east one of the contam nants. It is to be understood that both the

for‘egoilnggngmlaﬁaﬂ A phBSERNT TN ERS detai | ed description are.

exenpl d o ex P aTat Oy onry-a ; 5 provi de further

‘expl anati on the present invention..as clajned, 27 March 2007 DETAI LED
DESCRI'PTI ON s AR PRERERRE SRROBRRGTERE R e senhmventignne pngmesecap beindderit of
t.he pr nt _i.nvention, the manganese can_be added to the main catal yst-
_packag 2% glée AR 8%&?8 pikage aﬁ%@"%ﬁ{fﬁt‘ @Fﬂ%@%ﬁ&%&@em hscopppisdobenaof one
or nore_individual organo?@t al lics conpounds of Li, Na, K M, Ca, Sr, Ba,
Mo, Fe,OT&re piviqeal orgaometallinsicompeuadzofdd. . K MeeSa, SorBa M e Lo, Bt,Ceer eof .
‘The intended purpose of the catalyst is environnmental pollution control by
pronot | ﬂﬁla CRnPIgRHPIE OF MBS, AT BISFHESY thereoth dhe intaniled mupnspobilie catalystich as soot

and snoke, (particulate matter or PM, and in sone instances control of
-hydr oc £BEePueata) poltutipn eentivh o Ricthe ting@rbondnthoutéh desbwsfiompdrtiagee ( NO. )
em ssions. To the fuel treated with this catalyst package can be added,
for exdwprodughenchps deetand sinoke GritnlatepadtinearPM), andli8 someginMaddes baitrol g£!  When
used in internal conbustion engines, and between 2.- 200 ppmvliv M/ liter
fuel wihgdroggrbeh (HC)atartmmpheokide KOO)) endoxides bf sito i @O, f eanibtonsN Th RS | al
“furnaces, hone heating, and utility power generation furnaces. According
t'o one teatoddithngns catdlyst harkpgeome bt added dot dxanpleanPwRhan lieAeH) BaResE Seyrce is
. net hyl cycl opent adi enyl manganese tricarbonyl, avail able from Et hyl
| Cgr por ang loin/lites fidRhen use@asitdnid coMlslistinedgingd, atd HeRwen)2 -SHRGpRAYA RADBBC e
Additive, or GREENBURN(r) Fuel Additive. In internal conmbuStion engines, --
mangandesd vihen asell HEAtmEIOBEmME bith of 886 Suldiib hldustﬁﬂ%hhééé,tr@ﬁae%a@gbef W se
ties up catal ysts poisons, such as sul fur and phosphorus, hence | eaving a
and wtility power generation furnaces. ' ' ' |

According to one embodiment of ﬂle pre;scnt invention, a preferred manganese source is
methyleyclopentadienyl manganese tricarbonyl, available from Ethyl Corporation as MMT® .
Gasolipg ‘z_i.dditive, or HITEC® 3000 Performance Addiﬁve;, or GREENBUBN@ Fuel Additive.

-+ In internal combustion ‘engines, manganese m a fuel combine‘_s‘ Wlth, reacts with,
inactivates or otherwise ties up catalysts poisons, such as sulfur and phosphorus, bence leavirig a
cleaner or clean combustion environment in which the fuel-borne organometallic catalyst can

() function with surprisingly improved efficiency. ~

Carbon / Hydroearbon Bumout and Carbon Monoxide Removal

- Most organometallic-containing fuel additives decompose in the flame to give the

respective metal atoms. The level of fuel air mixedness at the time of combustion is non-




cl eaner or clean conbustion environnment in which the fuel '29%5‘1%112007
organonetal lic catalyst can (7 function with surprisingly inproved
- efficiency. Carbon / Hydrocarbon Burnout and Carbon Monoxi de Renoval Most
. organonetal lic-containing fuel additives deconpose in the flame to give the
respective netal atons. The level of fuel air m xedness at the tinme of -
conbustion is non- 9 27 March 2007 honbgeneous because ignition occurs
while t I f uel isqbei ng%lién' ect ed &qd co‘gaus ion, heat radiates back into
t he fuelCHFEUE Berase Ut anPer; el the Togdsheing Bipriel pad combustien ket of t he
fuel 1n_thig fuel-rich zone. The pyrolysis "products form soot nucleation
sites tﬁéfategﬁ’a% g thefpdicpreas itdy being ipiectrdgeausing BrTolsid reagtionsié thetfuelrin
mechani gﬁlr,rs 8@5 conmbustion takes place, manganese atons fromthe thernal
decompolit eeidrzanse Tha Aaheiseradypis domm sagt Ruskationies thaberow! infodusibie sbotone
another_and with the fuel pyrolysis products, which are coagul ating and
aggl onePxueagylation and agelgmarationguichanifros. Hstcambustiondakes ploce; olahgatesanitorhs oxygen
according to the schematic reaction below. Matonmc)+ 1/2 2--->MO Any
col-l i si Gpm thethames) daeamegosition ok theimapgarse-cdigginiGe fueMajditbtecpllide wWitheongonbust i ng
environment are non elastic (this is the nature of "naked" netal atom
col | i si @ether ambiwith e fuel pyedpseproducty evidihome cfagulbiie; aEtaghloindratilg ig@Mbust i ng
gases. However, collisions of nmetal atons with fuel pyrolysis products as
t hey aggkiblescat dheanettlatomss dliecollidepeittsdonebyccofifiogb Ag sthdnatid kébicGheS
resulting in soot particles that are inpacted with highly dispersed netal, .
atons amdowi th clusters thereof that mght have forned prior to collision
- With soot particles. As this process transpires, the |level of m xedness
~-ncreases, and at tenperatures above 400 C thermal oxidation of the soot -
Lotcurs asM (ashicps HEygenMm! | ides with these particles. The rate of this
oxidation is tenperature dependent,

Any collisions between metal atoms (i.c. Pt, Fé, Ce, Mn, etc) in the combusting environment are
non elastic (this is the nature qf “paked” metal atom collisions) and lead to reduced dispersion of
the metal in the cbmbustirig gases. However, collisions of metal atoms with fuel pyrolysis
p'roducts as they agglomerate maintains the dispersion by charging the particles, resulting in soot
particles that are impacted VVlth highly dispersed metal atoms and with clusters thereof that might
havé formed prior to c&lliéion with soot particles. As this process tréﬁsﬁires, the level of
“mixedness inereases, and at temperatures above 400 °C thermal Gxidation of the soot occurs as
fast as oxygen collides with these patticles. The rate of this oxidation is temperature dependent,
‘slowing down as the femperature fall below 400 °C. However, particles with metal atoms
impacted continue to oxidize at a high rate ‘Ell_le to carbon oxidation catalyzed by carbon dioxide
and the metal catalyst species as shown in the following equations.
MOy + CO —> MOy.g eayy + COz
C (on soot particle) + CO, + MOyt gay ~> 2CO + MOy

Mox-l (cat) + 1/202 — Mox

10




sl owng down as the tenperature fall bel ow 400 C. However 7%‘?”&1%5(50%5 W th
petal atons inpacted continue to oxidize at a high rate ch & 46" €arbon '
oxi dation catal yzed by carbon dioxide and the netal catal yst species as
shown in the follow ng equations. MOX + .CO--> MOX | (M) + COZ C (on soot
particle) + CO2 + MOX. 1 (nt) --> 2CO + MX., (cat) MOX | (cat) + %2 -->
MOX 10 - ----------- R R 27 March 2007 This

" car bonThisr prsben burequtt ieantion gaalygedbly igtahwetidds acoirdestodbe drott tiged autfimsabove
t hree equations can be sustained to tenperatures as low as 250 C. Finally,
t he car pasvberrostainedite terthperatines aebhw & 25D G€t Fanllpxhdiaries manoxRiching foin@diide as
oxygen abundance increases in the conbusting m xture due to increasing

| evel ofurfexixidized tb katbbmdioxifkias okygeh dbundpndeigerdagasah tiRfcoMstBgGRikaikd\@et O t he
reaction equations, MX-1 (cat) + Y72 -> MOX MOX + CO --> MXx-t (cat) +

C2 Thetorieaedsimpleey of @ixaizowith tifie OXYGBilld AP TR 1L Vel bi 00, deRReRFeR! thandciiy |
continue to take place in the conbustion gases all the way to tenperatures

as | ow epa@i&fy, C. These carbon burnout, hydrocarbon oxidation and carbon

di oxi de renoval reactions catalyzed by fuel borne organonetallic catalysts
such as conpounds derived fromPt, Fe, Ce, etc. can be inhibited by fuel
conponent $48€ ra' oyl L phosphorus, vanadiun |ead, etc. which react
with and e'a’%:"?éf%/ate2 Zthggﬁe)x catal ysts. By the present invention, a manganese,

conpound bepddedito t in catal yst package as a co-catalyst to
scavenge mﬁe%'c%oi g%bﬂ'(“"f?@rong?he combusti on environment thus

" The reaction cycle above is oxygen concentration dependent and will continue to take place in

DY . the combustjon gases all the way to temperatures as low as 250 °C. These carbon i:urnout,
hydrocarbon oxidation and carbon dioxide removal reactions catalyzed by fuel bome
organometallic catalysts such as compounds derived from Pt, Fe, Ce, etc. can be inhibited by fuel

. components bearing sulfur, ph'e;sphorus, vanadium, lead, etc. which react with and deactivate
these catalysts.

By the present inventibn, a manganese compound can be added to the main catalyst
package as a co-catalyst to ‘scavenge these “poisons” from the corﬁbustioh enviropment thus
optimizing the performance of the main fuel-borne organometallic catalyst in promoting carbon
bmﬁout in combustion particulate byproducts.

: ) he In another embodiment, the lﬁénganese coxﬁpound is not added to the main catalyst
package directly, but is subsequently and/or séparately introduced to the comimstion unit or
. combq_stion byproducts therefrom.
In stationary burners the manganese in addition to combining with, reacting with,

inactivating, or otherwise tying down sulfur and phosphorus, also inhibits SO, to SO; oxidation

11




optim zing the performance of the main fuel-borne organon%hqg&%ﬁzgégalyst
i*'n pronoting carbon burnout in conbustion particulate byproducts. 'In :
anot her enbodi nent, the manganese conpound is not added to the main

catal yst package directly, but is subsequently and/or separately -

i ntroduced tﬁﬁlhﬁ cggb%sti n_unit or conbustion byproducts therefrom In
st at i on&ry B Agitated g FranBiaide SO by diatss withmexhanst sresiis iy teinpératures dripi ng
Wi th, gq%ctLv ting, or otherw se tying down sul fur and phosphorus, also

i nhi bi t $°18BP0E ¢rapying to give selfusis acitithat yeshlirio nerROO Wil egd nerasidnyin flreixhidsat ed by
Fe or Pt. The SO3 hydrates in the exhaust streamas the tenperatures drop
bel ow t Fack)disgeicalled: tpviytepweraiiré coricsion? isdnitindteditesein bysthe addiger ¢fas tai | end
corrosion_in the exhaust stack. This so-called "l ow tenperature corrosion”
i s mini Arfegnierenirfogoueotiddiin caes wiherathe fusl-bomk enilyan@urite Hf pg sour ce of
Mh in cases where the fuel -borne catalysts (i.e. Fe and Pt) or ’surface
cont ami mEfAcs cqréanginarfEe(eay fe and dddestilivesofig ki th ARWBathIgzhe SOSRIRD,y Z€ t he
S02 to SO3 reaction. Stationary burner furnaces also suffer from high

t enper ataact@ncorrosion that is mainly caused by high iron and vanadi um

| evels in the fuel that formlow nelting iron derivatives, and

vanady| vanadStaoriatybeeser Wirhitea k@ kiffed ROmal Ak r Sis may be
added as fuel -borne conbustion and enisé#gﬁgﬁggﬁgf%§?§§ﬁ%%ﬁgh%??¥on of

" fanganeemstdiyi Hijl isorf BRRAd AN Rivels LT R m&&én@ld%%bﬁiﬁ%ﬁ@h bR et &
vanadyl vanadates by reacting wth the oxygen necessar or ‘thé "fTormation
of t heseanhayivarafdid ek Witk @Biaki | he_high
erper ature sone. o st o ek e BBl AR C el Ue Pap e LRR S HlLhige,
- expensi sentieilidil L0 3RES; : o I Yo nd.dron.in the fly

- eX H%oﬁ@é&falﬁ&lﬁ\.ﬁ? ¢addibnSor H&ng%@&qgu’;@ f%ntH O?Wﬁﬁ_

~ash is a diagnosis of -this high tenperature”corrosion. : 88e is |
added takdRKdline bardGHEAAI Ay Andies B S8R LilVED b néc%gslélgy fofgd decrease

in these _ _
‘ formation of these low melting fluxes. These fluxes corrode surfaces in the high temperature zone

-of stationary burner furnaces leading to frequent expensive maintenance work. An increase in
vanadium and iron in the fly ash is a diagnosis of this high temperature corrosion. When
manganese is added to the fuel according to the present invention, there is a decrease in these

elements in the fly ash thereby indicating a decreased level of high temperature corrosion.

Qp‘timization of catalytic activity and preventién of low~temneraﬁife corrosion.

Smﬁir trioxide (SOs) produced in the combustiohrl c;f hydrocarbonaceous fuels combines
with water vapor to form sulfuric acid as the temperature of the exhaust cools down below the
dew point of water, The presence of this acid results in bofh low temperature corrosion of
exhaust equipment and in cgrrosive environmental pollution (acid rain). In atmospheric

 (stationary) burners, the corrosion of exhaust equipment can be quite considerable in terms of

12




elements in the fly ash thereby indicating a decreased !e\ﬁglM%Eth@p _
tenperature corrosion. Optimzation of catalytic activity and prevention
of |ow tenperature corrosion. Sulfur trioxide (S0G3) produced in the '
conbustion of hydrocarbonaceous fuels conmbines with water vapor to form
sulfuric acid as the tenperature of the exhaust cools down bel ow the dew.
poi nt of water. -The presence of this acid results in both | ow tenperature
cor r os P&t 2kt dovay time der repifsp Faeltbosrednstallic oatrlysts canvenh milfup diveide 450Hab| ut i on
(acid rain). In atnospheric (stationary) burners, the corrosion of exhaust
equi pniffur dhgnide Hversehigh ratésd dhabifisienriet efrsome of the@ r2attivay ahsiRBGbeloast and
down tinme for repairs. Fuel-borne netallic catalysts convert sulfur dioxide
(S2) to. sulfur trioxide at veryhigh rates. The efficiencies of sone of
t hese Pudiztinms catalyzst bewmrogeleovs readions 30,18 S0k hoathety AtthiRtebpgeneous
reactions of S02 to SO3 have been summarized by Sal ooja as follows.
React i Baooja@ofollessi on Effici  SO2+ '/202 (Ptat) ency SO3 + (Ptcat) 100%
S02 + V202 (V205cat) --> SO3 + (V20scat) 85% S02 + t/202 (Cr203.at) -->
S + (Cr203cat) '80% S02 + V202 (Fe2(3cat) --> S03 + (Fe203cat) 65%  S02
+ V2O2Ré4atich . t) --> SO03 + (CUCcat) 58% Thgv&SBYEfsiapy ef fici enci es shown .
are achosvetb.aPpt, t -of 450 C (WB_C_('V%S), 575 C (Cr203),-
620 C SE@@%%&&??@C@&@ sk Sal 00j &, K gngf Burner Fuel Additives. 4
Jour naSO?i%dLE(Ch-ﬂﬁLa[)Uéigopfr-( r&'@j:) 37, p. 37,gdQ72. ) Platinumthus provides
ex_trengd)y+@§dzi@g@tcat)cgng@;ﬁmgbgat) SO2 to S03gsefhis metal is used

_ S0z + %505 (CuOgy) —> SO3 + (CuOeny) 58% :

g - The conversion efficiencies shown are achieved at temperatures of: 450 °C (Pt), 520 °C (V,05),

' 575°C (Cr203), 620 °C (Fe,03), and 680 °C (CuOQ). (Salooia, K. C., Burner Fuel Addiﬁves.

Journal of the Institute of Fuel, 37, p. 37, 1972.)

Platinum thus provides extremely efficient c-onversion of 50, to SO3. This metal is used
commercially at very low treat levels (2-4 ppm) in diesel as a fuel-borne catalyst for control of
particulate and NOx emissions. When it reacts with SO, to form ﬁndesirabl_e éOg, the reaction
goes farther to form PtSO.; WMGh is inactive towards its intended PM and NOy control. When
this fuel-bor@ catalyst is formulated with a manganese co-catalyéftéccording to the present

19

invention, the manganese will keep the sulfur av.vay_. from the platinum by forming a sacrificial

-

MnSOy, thus maintaining the performance of the platinum at its optimum. In the case of iron,
the active form in converting SO, te SO5 is Fe;0s. The manganese used in this invention inhibits
' ‘this reaction by reducing this active iron species to the less sulfur active FesOy4 lower oxidation

state form as shown below.
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comrercially at very lowtreat levels (2-4 ppm in diesel -borne
catalyst for control of particulate and NOx em ssions. V\%Zﬁ/lﬁfﬁ%@gﬁs wth

S2 to formundesirable S03i the reaction goes further to form Pt S04 which
i's inactive towards - its intended PMand NO, control. Wien this fuel-borne-
catalyst is fornmulated with a nanganese co-catal yst according to the
present invention, the manganese will keep the sulfur away fromthe

pl ati numbyoLorpr B 2nRE6) +hkGoal MhSO4, thus maintaining the perfornmance
of the platinumat its oOp i um 'In the case of iron, the active formin

conver t i i@, 03, h$r,.H82 he manganese used in this invention
inhibits thi's %Fsé%é@ i'o%ﬂgﬁﬁ?g%ﬂ%laﬁg this active iron species to the |ess

sul fur thve F | o oxk dat i tate for sho bel ow. 13 27 March
2007 2 bbﬁg?ﬁgg omes ?Eia?‘ﬁn?gggeﬁ’ %ﬁe?eg% ot FesOemimniss + 2re301
Fe304 daqgs _npt .pronot.e t he,oxi dation of, S to SO3. Since Fe203 but not
Fe304 ca %W“€§%§Ba‘{°ﬂ£&ﬁ9?t°o§<‘$ﬂa‘ﬂf?%ﬁ °6‘F1Y§®21C§82 1888)s 13 ¢liminaied oninkibjisd 8y e S02
to S03 is elim.nated or .inhibited by the use of Mi-in the present
i nvent i JK® ORHE 185 HGERRYaRont ARt SéégEF'F‘?)hY piberTeaciop meant Wethin the onbust i on
unit will react with MO according to the reaction described by Gay bel ow.
MO + SEgmbustiopyaimil geact Wiy Mast spcordingip Sosesction dgroxped tor Gxay bivfomv. . .~ " The
Effect of a Volatile Fireside Manganese Additive on Coal-Fired Uility
Boiler (peration.” ASME presentation at the Joint Power Generation
Conf er e A4E0 PrgéntxMadz ona [Meking pois of MndBy is 700 °C80) . Thus, the present
i nvention provides in one enbodi nent a nethod to passivate netal
Ao CEke Kiffedhpha ¥olatiledfiteside drnpaneseviidditivesorr € aad Riredilithity Bbiar Wi se
idation of SO2 to SO3. This passivation of iron and steel

~catalyze the ox

Sept. 28 to Oct. 2, 1980).

Thus, the present invention provides in one embodiment a method to passiirate métal
s_tructural surfaces within combustion units, which surfaces might otherwise catalyze the
oxidation of SO; to SO;. This passivation of iron and steel surfaces by manganese against
catglyzing the 80O, to 8O3 oxidatio_n reaction is important in-l-:ltility stef;lmnﬁlmaces where the
surface area presented to the combustion products is by design very large in order to extract
maximum heat from the flue gases to generate steam.

In another embodiment, the present invention prevents or inhibits the 6xidation of Fegé4
to Fe;03 on a surface of a combustion unit. A manganese -co—cataiyst added with the ﬁJel-borﬁc
catalyst adcording to an embodiment of the present invention maximizes the protective effect by
ensu;ing the highest probability of the manga;neser being juxtaposed to the fuel-borne catalyst -

during the combustion and exhaust phases. Other fuel-bome catalysts poisons such as

phosphorus, vanadium, etc. would be similarly inhibited or scavenged by the manganese.
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catalyzing the S02 to SO8 oxidation reaction is inportant shngihbhddy St eam
.furnaces where the surface area presented to the conbustion products is by
design very large in order to extract nmaximum heat fromthe flue gases to
generate steam In another enbodi nent, the present invention prevents or
inhibits the oxidation of Fe3O4 to Fe2O3 on a surface of a conbustion
unit. A manganese co-catal yst added with the fuel -borne catalyst according
to an enbodi nent of the present invention maxim zes the protective. effect
by ensuring the highest probability of the manganese bei ng juxtaposed to
t-he fueH efeddra C¥SbsiordUr i Ng the conbustion and exhaust phases. O het
fuel -borne catal ysts poisons such as phosphorus, vanadium etc. would be
simlarly i nbhbitigd ; _ nese. 14 27 .March 20Q7 High
LR iQ Ehé&ﬁé’a%{é?ﬁ%é H?égtt{}ﬁ%égm%orrgsmn 5 Oéif:urHF/g]ﬁ%feé

Tenperature Corrosion One s art can’ expe rature
(V). 51 auiifhs SRS 0LD, Hfer BT O, SETh Aot R i B S B
"5Na2 OV . i | yanadat for nutiljt y furnace

su_r‘:‘]I ace ilﬁ}t C\é{%%?r}%%@g?ﬁ?@ lrvxgzneﬁ?klsﬁé’tugbveaﬂa‘gé%fnﬁ%ée% g n “tf’rll’gé@";aé?) mel ting
oxi des ient . as 0 version catal ysts, _an oxygen
‘trans poﬁrﬁg%sﬁ Ié}(ﬂ;es? P ‘%rla%ﬁ% %es% eenpﬁ%ggggggo ?cﬁleT' FSHOY meitingeoxidesetse unit. A

mangane - toadded wth the fuel -borne catalyst (Pt, Fe, Ce, :
etc.) m%ﬁf’%&pa%g} g%?ﬂ“‘r“ TRRVEEI0 SRR SR R gpessn frapspettisatalystsivosthd gposi t and
utilizegt 1.in the ca&ﬁgn burnout reactions. This would inhibit oxidation
of hi ghZPSH19 s Kep SBRCEA the BAkd Y Panssastess-cablystasdded with shedfveltmsiaatalner

meltin gr%al @gues)cwhi%h are responsible for high tenperature corrosion by
- formi ngﬂ’ Eut BT eyl Rrefsreniially scayengs thy ofsigem fom thnshrficp deposit niidattidize it

“resulting in surface erosion. (See, for exanple, Pollnman, S., M neral ogisch
kri st alif félﬂ.‘rﬂné)élﬁé)ut reactions. This would inhibit oxidation of higher melting sodium

vanadylvanadates to their more corrosive lower melting analogues which are responsible for h‘igh‘
temperature corroston by forming a eutectic flux with the wtility furnace and pipes surfaces
resulting in surface erosion. (See, for example, Pollman, S., Mineralogiséh kristallographische
Untersuchungen an Schlaken und Rohrbeldgen aus dem Hochtemperaturbereich slgefeuerter
Grofkessel. VGB%Miﬁéiiunger;, 94, p. 1, 1965. Volker Hoenig, L., “[fnt&suchung der-
Wirkungsmechanismen von Additiven ﬁll‘ shweres Hefzﬁl”. Foﬂsch:itt—i:".erichte VDI, Reihe 15.
Umwelttechnik, Nr. 84, pp. 57-59 and references therein, Dﬁsselﬁorf. VDI-Verlag 1991, and o

) . Wahnschaffe, E., Kontinuierliche SO;- und Taubereichsmessunged auf dlgefeurten

Dampferzuepern. Mitteilungen der VGB, Heft 3. p. 193, 1968.)

. The following examples further iltustrate aspects of the present invention but do not limit

the present invention.

EXAMPLES:

When fuel-bome organometallic combustion control batalysts including a manganese
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~ Unt ersuchungen an Schl aken and Rohr bel agen aus dem Hocht egzﬂa?ﬁu%&ﬁr ei ch

. ol gefeuerter Go(3kessel. V@&B-Mtteilungen, 94, p. 1, 1965. ol'll er Hoeni g,
L., "Untersuchung der W rkungsmechani smen von Additiven fur shweres
Hei zol ". Fortschritt-Berichte VDI, Reihe 15. Umnelttechnik, Nr. 84, pp.
-57-59 and references therein, Dusseldorf. VDI -Verlag 1991, and '
Wahnschaffe, E. Kontinuierliche SG - and Tauberei chsnmessunged auf
ol gefeurten Damferzuegern. Mtteilungen der V@ Heft 3, p. 193, 1968.)

Ut o Tt fong HEEN EPa bl it etk b BB Shogidf PHERTRhpRE " "
01 9201t i b ARBNRL QNisGONNAL ofR1 Al Akl 8,8 Bganese 15
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Specifir%gsl, l%ﬁ ﬁ reduction in electrostatic precipitator ash as carbon of up
to and THErfde 5@ %o by nmass was observed. Anot her neasure of the

ef fectiveness.qf reduced.ash gr,oducti on is the observed trend of

i ncreasi ng <HANEr Girespre pbthe sectixeiess ofpdugediashipsacuicion is gy Qbsgkedirengdrpf
electrostatic precipitator fly ash decreases. This is because the carbon
deposi t L 5RENELIgeRGYGR eoresighyiy 4e lass encteniion f preelprtensiatic preipitatonfiy ash
resistivity is_increased as carbon deposition and deposits are decreased.
The ovetesiepsees Thisisbropussihe srebopdaprriss aadns apenduster omibie slesteestatic porcititatprt o t he
present invention by burning nore particulate hence reducing the

deposi tandaesttiviia isoatreassth as mieonslepesittan dndeprsitorreidscreased.i Thd avetall ef f ect i ve
~i-n reduci ng the anmount of vanadi um and :

L S efficiency of the combustion unit is increased according to the present invention by burning more

particulate hence reducing the deposition of carbon ash.
The present invention ig ‘par'ticularly effective in reducing the amount of.vanadium and
jronin the fly ash resulting from the combustion of fuel oil, such as for example #6 fuel oil, in a
power plant furnace.
| The present invention is particularly effective in iowering high- and low-temperature
corrosion in steam utility power generator furnaces combusting a fiiél ofl as demonstrated by the
modified composition of the fly ash and bottom ash shown in Figiires 1 & 2. High temperature

LY

~ corrosion from the combustion of fuel oils loads these ashes with iron, sulfur, and vanadium.

‘ Tixe iron comes from surface corrosion in the ﬁmaw and steam pipes surfaces.
| Figure 1 shows a decrease in ﬂy ash iron content as .duration of maguganese'use increases
from the combustion of #6 fuel oil according to the present invention. The sulfur level in the ash
is also lowered showing that the manganese is inhibiting oxidation of SO, to SO; and the SO3
‘would form either metallic sulfates on reaction with other fuel-bome and system surface metals,

or form sulfuric acid on reaction with combustion water leading to low temperature corrosion. A
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iron in the fly ash resulting fromthe conmbustion of fuel ,9i\, .gYghy as for
exanple #6 fuel oil, in a power plant furnace. The present ‘I nvention is
particularly effective in |owering high- and | owtenperature corrosion in
steamutility power generator furnaces conbusting a fuel oil as
denonstrated by the nodified conposition of the fly ash and bottom ash
shown in Figures 1 & 2. High tenperature corrosion fromthe conbustion of
fuel oils |loads these ashes with iron, sulfur, and vanadium The iron
comes fromsurface corrosion in the furnace and steam pi pes surfaces.
Figure 1 shows a decrease in fly ash iron content as duration of nanganese
use increases, fromthe conbustion of #6 fuel oil according to the present
i nvent i difcrepfi@ssmaunf of gorn the ashes Hondicpiéveaplsd lawaragdn higtotempgratist t he
MaNQganeSE #.Se it | i ! f 3 |Ld.form

ei t her rrsgltr %Ié? icgﬂgﬁ?ﬁ’a#gsyg%&%gg}?sgns W ? rllé‘%% ??sgr%l dfc{%feiﬁ Eg}egg% glr{%}&? ¢slf/"gs{f1 em
sur f ace foehaticn in the fliegasesul furic acid on reaction with conbustion water

| eading to | ow tenperature corrosion. A 16 27 March 2007 decreasi ng anount
of iron in the ashes is indicative of a lowering in high tenperature

surface corroipt 2ARHpRAAR! ARSIAGATE UYL tyeURlvihg d ROAEBLhYREOT | ess

sulfuric acid “formation in the gases. Figure 2 supplenents t
resul t s degre@pgyin eanadipm atdomi fuginathe dottempash desuifingdfeam dlas eombustian afl #6m and

osulfur in_th ttom ash resul ti fromthe. conbystion of #6_ fuel_ oil.
These deiﬁ?le%fg‘e PP ORI T Slrﬂg“ﬁd %@Xﬁ?ﬁ%mﬂl ith er?éﬁ?sﬁa%g‘)?j@e \_fm?r end

Wi th thBe regReatd Y&elseethe fubl bheudede! TRE lcoHeg@ndihh9efds bPSRMAiNG | evel s

of sulfur an vanadiumin the fuel oil used were actually trending up with

time, hefeadigenisibe fuel phgsedeyers astially dieading appeith tuedidnce deyonstratinaganese
0 contr t f e am nan i.n th 0 sti.Qn system
accor di ﬁagrlertl Oﬁtgﬁée qfﬁ)? e@gﬁ]{)&?nv gfﬁ:c‘i%g}tll ' Jp n%n%gnese to %or?troqbﬁle R0 57 Mese

' contaminants in the combustion system according to the present invention.

Other embodiments of the present invention will be apparent to those skilled in
the art from consideration of the specification and practice of the invention disclosed
herein. It is intended that the speciﬁcation and examples be considered as exemplary

"-only, with a true scope and spirit of the invention being indicated by the following

claims.

17




O her enbodi nents of the present invention will be appare Q .t e
skilled in the art from consideration of the specificatigzh%ﬁgigggctice of
the invention disclosed herein. It is intended that the specification and
exanpl es be considered as exenplary only, with a true scope and spirit of
the invention being indicated by the followng clains. 17 27 March 2007
VWHAT | S I?J thod to inhibit corrosion of a conbustion unit
conmbustin C f the corrosion is caused by conbustion

byproductg, saiz0,fREMRANEBIRGESLBE 084 dbABudiBn LR cotBIRD! BB, Fherein _
corrosion-inhibiting anount of a nmanganese source. 2. The nethod of claim

1, wher ei thetdogosion sowilend hyscombuatiorebyyeoditots; eaid bwitedd@O@rising. adding terhtehod of
claim1l, wherei.n the corrosi.on is at a.tenperature below 250C. 4. The
method of SERAHRIPH 2 Sfrerer-fwng Fubun e ST i n ¢ he combustion
unit and an amount of vanadiumcontains in the fly ash resulting fromthe
conbustion of the fuel, and wherein said nethod conprises adding to the
fuel or the colbemethed of plabadcwhergin theeomesiart isat 8 bumpesateie AharyAESe
effective to conbine with the vanadium or the conbustion products to

reduce the amount of vanadiumthe resulting fly ash. 5. The nethod of claim
1, wher ei B. t heThekthoddf alldif 1, wiherdin tHehwrosioh iksdtiaotempeidturebdloan anmount of
iron contgi n% inthe fly ash resulting fromthe conbustion of the fuel and
wherei n s&UCmet hod conprises adding to the fuel or the conbustion products
an anount of a source of manganese effective to conbine with the iron or
the conbustion products to reduce the anmount of iron the resulting fly

ash. 4, The method of claim 1, wherein the fuel contains vanadium in the combustion

unit and an amount of vanadium contains in the fly ash resulting from the combustion of
the fuel, and wherein said method comprises adding to the fuel or the combustion
products an amount of a source of manganese effective to combine with the vanadium

or the combustion products to reduce the amount of vanadium the resulting fly ash.

5. The method of claim 1, wherein the fuel contains iron in the combustion unit

and an amount of iron contains in the fly ash resulting from the combustion of the fuel

and wherein said method comprises adding to the fuel or the combustion products an
~ amount of a source of manganese effective to combine with the iron or the combustion

products to reduce the amount of iron the resulting fly ash.

6. The method of claim 1, wherein the fuel contains sulfur in the combustion unit

and an amount of sulfur contains in the fly ash resulting from the combustion of the fuel

and wherein said method comprises adding to the fuel or the combustion products an
“amount of a source of manganese effective to combine with the sulfur or the combustion

products to reduce the amount of sulfur the resulting fly ash.
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6. The nethod of claim1l, wherein the fuel contains sulfur,in t.h
conbustion unit and an anount of sulfur contains in the ?F&E%E%SQ%gulting
fromthe conbustion of the fuel and wherein said nethod conprises adding
to the fuel or the conbustion products an anount of a source of nanganese
effective to conbine with the sulfur or the conmbustion products to reduce
the anount of sulfur the resulting fly ash. 18 - ---- ------- 27 March 2007
7. The nmethod of claim11, wherein the fuel in the conmbustion unit is a

hydr ocar bonaceous fuel having at | east one contam nant selected fromthe
group consisting of sulfur, vanadium iron and phosphorus, and one or nore
fuel -borne organonetallic em ssions control catal yst conpounds of at |east
one el enment selected from the group consisting of Li, Na, K M, Ca, Sr,
Ba, Mo, Fe, Co, Pt, Ce, and conbinations, mxtures, and precursors thereof
for contrellti It Qi d . RASH surfaces
containing'F2296§H%§%ﬁFHﬂgH§éhgﬂgg?%ﬁhﬂﬁ?%omC%%bust|ﬁg&g%ng%%iwherein sai d
sur f aces hydoesrbasecouso fudhehgmimpruct leadt s dontanmuest | shecteds dioch rthe hgrdup
conpri si ng_addi ng suf fici ent anount of .manganese pr a source reof to
he” combuStFBHIE oy hashig Mo anf citpRRt i FUbone st PHEDFBO 0B t o
Fe304,  vbehebiethiiR eiftistdnsTohfralC@talfst BARSAMAL 8 at 18ast bndBIEMLSE seRcicdfidph t the

, t
oxi dation of Fe3O4 to Fe2B on a surface in a conbustion unit conbusting a

fuel , sai thergsenvernsstng 0§ LadVaddiMg Ga, Suf Ba,dVienke, 7o BhtCafand cembingéonst
oo PSR et R S TR B SRR Rod or " mer easing the
efficiency of an electrostatic precipitator of a conmbustion unit

8. A method to passivate metal surfaces containing Fe; O3 within a combustion unit

combusting a fuel, wherein said surfaces are exposed to the product of said combustion,

said method comprising adding a sufficient amount of manganese or a source thereof to

the combustion, whereby the manganese reduces at least some of the Fe,O3 to FesOg,

whereby the metal surface is passivated.

9. A method to inhibit the oxidation of Fe;04 to Fe;O3 on a surface in a combustion unit
combusting a fuel, said method comprising adding a sufficient amount of a source of
manganese to the combustion, whereby manganese scavenges oxygen to thereby inhibit

the oxidation of Fe3O4 to Fe,Os

10. A method of increasing the efficiency of an electrostatic precipitator of a combustion unit
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19 27 March 2007 which combusts fuel and produces. car bon- fl
ash, saird nethod conprising adding a sufchrent anount o?9§ﬂ§§%?@890f Y
manganese to the. conbustion, whereby carbon deposition on said

el ectrostatic precipitator is decreased, and el ectrostatic precipitator
efficiency is increased. 11. The nethod of any one of clainms 1-10, wherein
t he conbustion unit is selected fromthe group consisting of any and all
burners or conbustion units, stationary burners, waste incinerators,

di esel fuel burners, gasolrne fuel burners, power plant generators pover

pl-ant Wbmhggg@ustaﬁ.ysl and| pakdiices rbrbomedntainidg ik, nald GEEHY Sbhoyis dﬁ%s
boil ers, furnaces, evaporative burners, plasma burner systems pI ma arc,

and deviufBsent matountaf acoudoeisf magahdic W¥he horﬁﬁﬁtr&ﬁ wheRBP b &d
hydr ocar bonaceous fuel. 12. The nethod of any one oypclar &?mHﬁyo%$Pd ein

the fuetleitostatt pretigitatbirio TockdaBed i@l it ORS cShdchftatoPh bi odi esel ,
bi-odi esel -derived fuel, syntheti.c dlcesel cﬁggﬂ?l‘}e £5te ﬁc@ﬁhu{&b‘ﬂ gt her s,

ker osene, | ow sul fur f uel s, synthetic fuels, Fi scher - Tropsch fuels,. || qui d
petrol eum gas, fuels derived from coal, coal genetically engineered

bi of uel 1. arlﬁlﬁet@&soﬁaﬂgloﬁéémﬁin%l%e&ﬁ&%ﬁ The & mHldE ndm% %ﬁh}[%;egl? outane,

unl eaded notor and avi ation gasoli hes,

g o S AR 1

oxygenat bl ending agents gaso I ne,
"~ crude gh " oducts _ude oi | extracts
hazar dougnz\zg?%degﬁ%arégg%ggs aﬁ?gﬁgﬁ% l&ﬁ‘%?ep “6%8{?3%“5‘?‘%:90%@ gﬂfst ,
agrrcu , sila ast i wast'e, and_mi xtures
“ther eofﬁlﬁhﬁ & %3: gragrlrﬁs}g'gﬁlgdﬁlg pe m%g °§Tﬂm§'i’ﬂi1 nyvgﬁseﬁzgi?e% PRESSTRPAIAINGAL er |

‘IhI fluid 7.March 2007, 13. A nethod of
one of ATARRAYRE bR B bl R et SRS O VR oRh s

combusted a hydrocarbonaceous fuel.

12. The method of any one of claims 1-11, wherein the fuel is selected from the group consisting
of diesel fuel, biodiesel, blodlesel—denved fuel, synthetlc diesel, jet fuel, a]cohols ethers,

: kerosene low sulfur fuels, synthetlc fuels, Fischer-Tropsch fuels, llqmd petroleum gas, fuels
derived from coal, coal, genetically engmeered biofuels and crops and extracts therefrom, natural
§as, propane, butane, unleaded motor and aviation gasolines, reformulated gasolines which

- ). ‘ contain both hydrocarbons of the gasoline boiling range and fuel-soluble oxygenated blending |

agents, gasoline, bunker fuel, coal (dust or slurry), crude oil, refinery "bottoms" and by—proddcfe,

- crude oil e;(tracts, hazardous wastes, yard trimmings and waste, wood ohips and saw dust,

agric‘u}tlﬁal waste, fodder, silage, plastic_s, organic waste, and mixtures thereof,.and emulsions,

suspensions, and dispersions thereof in water, alcohol, and other carrier fluids.
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consi sting of methyl cyclopentadienyl manganese tricarbonyk .. 4 2007
cycl opent adi enyl nmanganese tricarbonyl, bis- cyclopentadlenf1 manganese
(manganocene), bis- al kyl cycl opentadi enyl nanganese, nanganese sul fonate,
manganese phenate, manganese salicyl ate, al kyl cycl opentadi enyl manganese
tricarbonyl, organic manganese tricarbonyl derivatives, alkyl
cycl opent adi enyl nanganese derivatives, neutral and overbased manganese
salicylates, neutral and overbased nanganese phenates, neutral -and
over based manganese sul fonates, nmanganese carboxyl ates, and conbi nati ons
“and mi xt utfesAtrhh®loff anPdneXf chime h-1200RereiABS RAEINdSSEs sefeciVNGANESEoGPVPOUNDS
TO INHI BIT BOTH LOM AND H G+ TEMPERATURE CORRCOSI ON I N UTI LI TY AND ‘
| NDUSTRI AtonsiRURNAGEHSY SERyBnlieny) nemgatesd ficabbnyd tycRpadt@iedyP nfah@nkgduct i on
or inhibition of corrosion in an atnospheric burner unit by adding to a
combust i aricapaiydbisnydifeptatlien ] npiitke GhangRit@ad Is- Ayl BydIGRIARRSA
precursor source, or derivative. The system may further 1nclude a catal yst
package tmaigaii@y, ligaedROBELte Fhar@Rfes® phdilie Embiddhide duiddy 14 gagpetal Iic
conpounds of Li, Na, K, My, Ca; Sr, Ba, Mb, Fe, Co, Pt, Ce, and
~conbi nat | @E®pertAdidnyT RlngahesR LifGHBRHT, Srobtie nBRkanedd\GicABHSA v O RRYP nt of

I'm Aa

~ the catal yst package of the present invention reduces or e s the

poi soni NG:yelbpédteli GOIMMSaLAR deﬁ%%é‘dﬁhed%%:ﬁ%&b%d%%%a&%EE#%Ha&Q 1{%Pﬁalhi gh-

reduced emissions result. In addition, this inventi s bo

and | ow t.2HB6LBANE RafiQhE PO tdsNHut ACHY oSeB ek g’?ang%CP%&lrl LBGES oOh DuLer
es, a e

furnace walls and tu nd oh cool er surfaces U he PR ™% xhaust
S\t ack. ( E:Lcu(ﬁo}}la@g, 2nd combinations and mixtures thereof. '
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