USE OF MANGANESE COMPOUNDS TO I NHI BI' T BOTH LOMAND H G+ TEMPERATURE
CORRCSI ON I N UTILITY AND | NDUSTRI AL FURNACE SYSTEMS FI ELD OF THE | NVENTI ON
The present invention relates to the reduction or inhibition of corrosion
in an atnospheric burner unit by using a Friel-borne organonetallic
conbusti on system cont ai ni ng nmanganese, Or a nmanganese precursor source,
or derivati vaISETHEF 3MANGANESEY COMPOU@IDSC @ot ANAI8ITakelryst.opackage that may
be conposed GfI@GHEBMPERN TV RENGIORRGSAONoIabFXRi k| ANDCONPUATASADS Li, Na,

K, Mj, Ca, Sr, Ba, My, Fe, Co, PEFURGBACEalSdSE8MBI nati ons, m xtures or
precursors thereof. The manganese conponent of the catal yst package of the
present | KU CHhTHEIDVEENTION| | mi nat es t he poi soning of the conbustion
system whereby inproved conbustion and reduced enmi ssions result. |it

addi tion, thikhe frawmnticotiomsehte s he seaan g uHIBIES 6f co@WBR (g RObLLIigh-
and | owtenperature corrosion that occurs on the hot surfaces of burner
fur nace wedries vandy usibes fuehhatnongeaoheellliStyriARes fsteloN@aBUL fiEhanddb L. GXraust
stack. BACKGROUND OF THE | NVENTI ON Fuel - borne organonetal tic conbustion

cat al yst smengandse poning sonpardr detivatite. tTe sgashl@ly Qfiher@BMhRAMBNAackage

pol lutants where fossil fuel is burned, for exanple, In Internal conbustion
engi nes  thatdndyrbesb@posodial gne buiriadi e oaSnshasitc UG8 LM SR kafx)fé“ S

i ndustrial furnaces, and steam power generators that burn fuel oil”or

coal . O ganBaii@lfkj ©s PJe€R] anadohibinmohns, afiiufds QP pfBL eSS MGH ﬁ%n(%‘?\g ESE,
cerium platinum iron, and nol ybdenum alkali netals such as thrum
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magnesi um strontium and barium can all

the combustion system, whereby improved combustion and reduced emissions result. [n addition

this. invention secves a second purpose of lowering both high- and low-temperature corrosion that
occurs on the hot surfaces of bumer fumace walls and tubes, and on cooler surfaces of the burner

unit exhaust stack.

BACKGROUND OF THE INVENTION

Fuel-bome organometaltic combustion catalysts are becomung tmportant in the control of
environmental pollutants where fossil fuel is burned, for example, w internal combustion engines
and (a stationary burners such as those used in home heating, tndustrial furnaces, and steam power
generators that bum fuel oil oc coal. Organometallics derived from transition metals such as
manganese, ceriem, platium, iron, and molybdenum: alkali metals such as lithium, sodium, and
potassium; and alkaline earth metals such as calcium, magnesium, strontiwn and barium can all
serve variously as effective fuel-bome emission control catalysts tor controlling production of 500l,
smoke, hydrocarbon, carbon monoxide, sulfur taoxides, and oxides of nitcogen cmissions.
However, the vast majority of fossil fuels contain certain contaminant elements such as sulfur,

phosphorus, vanadium, etc. that bind with these fuel-borme catalysts and inhubit them fromn



serve variously as effective fuel-borne em ssion control catalysts for
cohtrolling production of soot, snoke, hydrocarbon, carbon nonoxi de,

sul fur trioxides, and oxi des of nitrogen em ssions. However, the vast
majority of fossil fuels contain certain contam nant el enments such as

sul fur, efphaaRhRIYSiny MR aiteHled flrpose! MAHBbM oMb EdntRESLurlits Bfe-cBRERASed
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Lowt enperature corrosion ( eI ow 2500 C can (]:)ccur in the cooler region of
a conbusiEPpsatugfalis w&@?w@newa%waﬁsﬁseﬁ@&@e Hie rog ) ﬁff@Ft lowgrathgdisi9nadi um
and iron can cause this corrosion. Sodium yvanadyl vanadates and iron, in

the presempgagie Giyrglas, ansdust likethe yonmsliog yodiun ampdelvanadile Sps dascabedsp t o
S03 at high tenperatures and the resulting SOG3 hydrates w th conbustion

wat er atabpwiadis melipedag agrredesiand eredesdhevagist sugfpesar asnilgy laneedr r osi ve sul furic
acid. The key to both high- and Iovv-toenperature corrosi on processes is
avai | abi | i ty lefw-siopgaraesiosiop éuelas 2¥h dC)sar pesgeis the cooler region of a combustion

unit towards the exhaust stack. Fuel sulfur, sodium, vanadium and iron can cause this corrosion.
Sodium vanadylvanadates and iron, in the presence of oxygen, both independently catalyze
conversion of SO, to SOj; at high temperatures and the resulting SO; hydrates 'WIﬂ‘l combustion
water at lower temperatures in the exhaust stack to give corrosive sulﬁn‘ic_:_ acid. The key to both
high- and low-temperature corrosion processes is availability of oxygen near species and surfaces
capable of shunting it into thé 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-borme organometallic combustion and emissions control catalysts, such as those of
ceriulﬁ, platinum, manganese, and iron are used in rengines and burners both to lower exhaust

particulates, NO,, hydrocarbon, etc, and as light-off catalysts for passive diesel particulate filters



capable of shunting it into the corroding surfaces. To avoid an expensive
maj nt enance cost, corrosion nust be inhibited or sl owed down- It would
.therefore be desirable to scavenge the oxygen used to pronote the
corrosion. Fuel -borne organonetal lic conbustion and em ssi ons control
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continuously regenerating technol o diesel .particulate.filter CRT- DPFs)
used to fificieapy %éIF@cSF Efi]?lé{tt‘%adﬁftﬁﬁ% I ﬁg‘%g%?ﬂ’éﬁﬁ@ gy g{%rpéeg?ﬁce The® {‘Ireh e ' E(%‘?'fﬁlgec i ency of
these catalytic additives is conproms

; R d by .the esence in the fuel, or
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wi th which these additives have to react, Iiéﬁﬁ.(%n.doingﬁso %ygortion of
the cat akset firstadn flaing 50, 8poxtins ofe patalyldc acdivisyed e 3ddiye At eef a2 IS PR ger
available to performits intended task. SUMVARY OF THE | NVENTI ON Accor di ng
to the pilegeravailableenpedorm ittinigadrddask when introduced in its various forns
preferentially reacts with the fuel contam nants or surface contam nants
thus allowing the respective organonetallic catalyst to conplete its

i ntended em ssion control role nore efficiently. By the present invention,
t he mangaVIBLARE OB THIEMNWENTINen away fromcritical surfaces and from
speci es such as sodi um vanadyl vanadates, iron, platinum etc that would

ot her wi se ut i lAicg@ding It She rey@e invediops mangaeess.ovten durodured geitovaioBH@ Bhunt s
this oxygen to the nore desirable carbon oxidation reactions. The
manganes gyriffrehthgly éatahisithopackagamizhisey asfhimtdpyinangsetbs algwitigtthe t hi s

respective organometallic catalyst to comﬁlete its intended emission control role more efficiently.

By the present invention, the manganese also scavenges oXygen away from critical surfaces
and from species such as sodiﬁm 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 catal}_rst package achieves this by _geacting with this
oxygen and using it to oxidize carbon, and carbon monoxide to carbon dioxide. The resultis a
significant reduction in corrosion of the surface areas of the combustion unit and its exhaust
pdssageways.

In one embodiment of the present invention, it has thus been discovered that manganese in
the fuel when admixed with fuel-borne organometailic catalysts preferentially reacts with certain
contaminants in 1;he fuel or otherwise introduced into the combustion, such as sulfur, vanadium,
iron.and phosphozus. The interaction between manganese and the fuel contaminant produces a

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



oxygen .and using it to oxidize carbon, and carbon nonoxide to carbon

di oxide. The result is a significant reduction in corrosion of the surface
areas of the conbustion unit and its exhaust passageways. |n one

enbodi mrent of the present invention, it has thus been discovered that
manganese in the fuel when adm xed with fuel -borne organonetal lic

cat al yst soppraef amherithighth Msefif d€the piésdnR i eftotichh infRi &80 ?ﬂ-l?)rresoﬂg ?al fuel or
ot herwi se i ntroduced into the conbusti on, such as sul iron

and phos p}aﬁfpﬂﬁzadsﬁh@leﬂn&itﬁlée@é‘&éd%npﬁé@R)‘Eﬁc Wﬁ?@%&ﬁ}? I@dg‘it yggl(la,r Cf\%,%ry, nant

- produces a non-poi soni ng envi ronment

or ganorete, b, ecaliabislifiss, AHEEL ge/ep%aars%r&&@o%r ate. The catal ysts usef ul

in the present i nvention can I nc one or nore organonetalllc conpounds
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the combygti.0 Piﬁuﬁﬁlm%%'on |nh|b|t|ng anDunt of a manganese source. By

L1 SO * L1 n L1 n
I nteracti on, ng,a I nt eract and "interacts" herein is neant

scavengi ng N herein.is ne the conptacting, conbining wth,
- reacting, |nc§Vp8ﬁ %ﬁ% %HQWF8§PI$“HBH6FW£‘HF¥ﬁB orpig iS WY SeFR&INBondi ng

i i L
any ot her, way ans whereb rst material makes a second materi al
unavail a Bpgné?l%f INgWith Pripy _ysmally bondmg with or to, adhering to, agglomerating with,
affixing, inactivating, rendering inert, consuming, alloying, gathering, cleansing, consuming, or
any other way or means whereby a first material makes a second material unavailable or less
available.

By “manganese” herein is meant any manganese or manganese-containing material,
compound or precursor, such as but not limited to methyl cyclopentadienyl manganese
triparbonyl, available from Ethyl Corporation as MMT®, aﬁd manganese sq__lfonate, manganese
phenate, manganese salicylate, cyclopentadienyl manganese tricarbonyf, alkyl cyclopentadienyl
manganese tricarbonyl, organic manganese tricarbonyl derivatives, alkyl cyclopentadienyl
manganese derivatives, bis-cyclopentadienyl manganese, bis-alkyl cyclopentandienyl
manganese, neutral and overbased manganese salicylates, neutral and overbased manganese -

phenates, neutral and overbased manganese sulfonates, manganese carboxylates, and

combinations and mixtures thereof,



By "manganese" herein is neant any nmanganese or mnanganese-contai ni ng
material, conpound or precursor, such as but not limted to nethyl

cycl opent adi enyl manganese tricarbonyl, available from Ethyl Corporation
as MMI(r), and manganese sul fonate, manganese phenate, nmanganese

salicylate, cYmhsppenieaetiodiydnt tRIPRBASEvehlibrCROPAEYA mebiid mmsﬁlceﬂs‘sn&ﬁ@kaenw
manganese tri carbonyl, organi c manganese tricarbonyl derivatives, alkyl

cycl opentagib@sivh unﬂB&ﬁ&I&ﬁﬁ%a AR is¥alheiRR, compﬁslﬁg Schd?xgg%ttﬁéi&o?mdsnm ganese,
bi s-al kyl cycl opent andi eny menganese, neutra ver based manganese

sal i cyl alesosideishivitngdRthuaVerhasedndBagagese phenates, neutral and
over based manganese sul fonates, nanganese carboxyl ates, and conbi nations

and m xtures Thel §0%anfndWSbodifbntfe BIEROH i on AR AL & 3R bl ent | on

provides a method to inhibit corr05| |on uni't conmbusting a
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conbusti on systen1 tonta

manganes S Re BSHEE RO e IR i ge%s?%ﬁ g @ﬁ‘é‘féﬁa‘a&légﬁ&f

cont anmi na ed fromthe p consi,s sul fur sphor us,
vanadi un’ rﬁ:urrbpﬁ' é}? Sc%%g]'ﬂﬁ’dém’? E%Iflpmﬁ‘ﬂﬂtl’ﬁ?g&ﬁ?%ﬁ‘iﬁ%urf?{%ﬂ’é ? The
contanlnant .sul fur adi um_iron, gﬁpsphorus and ot her el enents
and their “a"é’éﬁc%ﬂslsﬁ ataadigmeiyor; p by slesatsgpd s
steel or |ron contalnlng struct&@gﬁyunlts of the conbustlon uni t and/ or

its exhaBSPUpYSLARETIRHUC pristien eithe sfped or irpmepniaimingupiciuml ynits he

conbustlo systen1of the present invention by or from any other nmeans or
sour ces, ok the fombustpp unit and/or its exhaust passageways. The contaminant can also find its way into

the combustion system of the present invention by or from any other means or sources, such as but
not limited to combustion aids and adjuvants, lubricants, 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 extem§1 combustion
devices, machines, boilers, furnaces, incinerators, evaporative burners,plasma burner systems,
plasma arc, stationary burners and the like which can combust or in which can be combusted a
hydrocarbonaceous fuel. The combustion units effective in the utilization of the present
invention include any and all burners or combustion devices, including for example and without
limitation helj_ein, stationary burners, waste incinerators, diesel fuel burners, gasoline fuel |
burners, power plant generators, power plant furnaces, and the like. The hydrocarbonaceous fuel
combustion units that may benefit from the present invention include all combustion units,

systems, devices, and/or engines that burn or oxidatively decompose hydrocarbonaceous fuels.



inot limted to conmbustion aids and adjuvants, lubricants, in the fuel
~source, such as is often found in crude fuel, tar sands, coal or stil
bottons, and air. By "conmbustion unit"” herein is neant any and all internal
and external conmbustion devices, nachines, boilers, furnaces,

i nci nerators, Favigpaitabld féuddih MR oPeraRb RSB rPUEHRE uniY §ittﬁ@'51\’lf\:%enPLn%§%nar €,
In I ch can be

stationary burners and the |ike which can conbust or
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fuel, alco S, . et her kerosene, |ow sul fur fuels, synthetic fuels, such
as Fisché ?ﬂ%ﬁﬁg%eﬁ‘a‘feﬁ §]e§f]mg PET SYsb s glcalinls: gthers and gibersuifable wargenr om coal |
coal, genetically engi neered hiofuels and crops and extracts therefrom

nat ur al §8%‘?mﬁ’fgé%%aﬁé€ COSLPP%C@; Qibar dudethatase vetd irithg weghods Andyeosdivistimsynitand
so-cal l ed_refornul ated gasolines which typically contain both hydrocarbons
of the g&EBIiPRSSHINYPHeN 78 8a%linn Punkesifuel sopk (Bnss obstygPnemdeloibirefiding agent s,
such as al cohols, ethers and other suitable oxygen- containing organic
conpoundsPtenke ¢ bieprdugigcrude oil gxesaly, bpzardoye wasiesh patd tamohingsabdisksten uni t s
of the present invention are gasoline, bunker fuel, coal (dust or slurry),
crude oi Wood ghippaidsawdyst, agipsturghwadts feddod stags, plestigsendoitherexganachsie

hazardous wastes, yard trinmmngs and waste,
and/or by-products, and mixtures thereof, and emulsions, suspensions, and dispersions 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 fuel, biodiesel, biodiesel-derived fuel, synthetic diesel and
mixtures thereof.

Oxygenates suitable for optional use in the present invention il}qlude methanol, ethanol,
isopropanol, f-butanol, mixed alcohols, dimethoxy ethane (DME), methy! tertiary butyl ether,
tertiary amyl methyl éther, 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 about 5 percent by volume.



wood chi ps and saw dust, agricultural waste, fodder, silage, plastics and
ot her organic waste and/or by-products, and m xtures thereof, and
enul si ons, suspensions, and dispersions thereof in water, alcohol, or
other carrier fluids. By "diesel fuel"” herein is neant one or nore fuels
selected fromthe group consisting of diesel fuel, biodiesel, -

. bi odi esel -derived fuel, synthetic diesel and m xtures thereof. Oxygenates
sui tabl e for Dipisj ianalenbsinient the prepine ERBtionPENldsAméthed tedehibR SRR at a

et hanol, isopropanol, t-butanol, m xed al cohols, dinethoxy ethane (DVE),
net hyl t gfidpesitite Rigé thhn @5MET in thé SHahR bYssAgBAay GBS BMhbi@tiBE tmit é‘&ﬁwstiﬁ%ez[ Flefr y
butyl ether and m xed ethers. Oxygenates, m%en used, wll normally be
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vol une, and preferably Tn an anount that provides an oxygen content 1n the
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Thus, in an enbodi nent the present invention provides a nethod’to I nhrbit

cor r osi ofy AlosR dub BIR&IARN wv@a[&cﬁﬁ%zr &H@g;ﬁ@% { sigg oeaﬁﬁﬁgghﬁggsgggfo%agemy of a

conmbustion unit conmbusting a fu conpr ng to the

combust i 0l &G0 Exfi?s‘. Gnd AR Ridda N0 ARHUR L RE FRAIANGS Fie HRBLART oG 3L @’f g of
the present 1 nventiron s to provide l'ower nmalntenance tine, raceriate  and
costs du&s‘% a]rlet\dla{%aedmlraov‘g{r <';1Crsf1dC h{?gg l;egl er atogée COrr.osi on oc‘;jgg%{?i.ng in the
burner of*® “HEHE HEFIEH AT Rt steeh BPR 08 BT SR HBLYF BaFBali % cor r osi on
in the conbust.ion.unit and/or. its exhaust passageway whi ch contains steel,
iron or SR qsgl%wg%qan‘l@ﬂﬂ%ﬁﬁl R e FAngESs ?‘P“g’e' combustion unit combusting
fuel and a mapganese source. A further feature of the present invention is
Lo provide a MEEHBERN Gh G PIFILISARHRRAS © RERMHE T ad REDERR A YEREAS I T ur
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of a catalysed fuel combustion system; |
Accordingly, the present invention relates in another embodiment to use 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 bumopt in either the
combustion chamber or the exhaust stream, or both, where the tempgltatpre is ab-ove about
250 °C. |
The present invention also relates in another embodiment to use in a fuel-borne
organometallic emissions control catalyst system of manganese as a co-catalyst, whereby the
organometallic catalyst is rendered more effective to control corrosive sulfur trioxide production
in either the combustion chamber or the exhaust stream, or both, where the temperature is above
~ about 250 °C.

Additionally, the present invention provides a combustion system having a fuel-borne

organometallic emissions control combustion cataljrst, wherein a fuel contaminant preferentially



of a catal ysed fuel conmbustion system Accordingly, the present invention
relates in another enbodinment to use in a fuel-borne organonetallic

emd ssions control catal yst system of manganese as a co-catal yst, whereby
the organonetallic catalyst is rendered nore effective to inprove carbon
burnout in either the conbustion chanber or the exhaust stream or both,
where the te rature i s above about 250 C. The present invention also

rel ates Teﬁ(’tﬁ%g RERANEASETIFIrEATRLY it sathardhandheoneprametdlineatal st g lrtbisananinkd, ¢

em ssions control catal yst sgsten1of manganese as a co-catal yst, whereby
the or g3AGHEME Af the wateRAst by dhe manaanceriis sefieveds f ective to control

corrosive sulfur trioxide production in either the conbustion chanber or

t he exhaust dpFearothsrempeadimentbe present inventinarmaeides ainetladidy passabeutetd50 C.
Addi tional |y, the present invention provides a conbustion system having a

f uel - bor ffaces cortrameta Oq withimt sehbistiorcaitooobustiogh fedi verdmthalsyices ber ei n a
fuel contam nant preferentially 7 reacts with a manganese co-cat al yst

rat her t¢¥@nsedfethe prrinetod thel doinbusgtiah zdng shte. mdtiod ihdlsdarndding 2 suffdeavenguneral t he
contam nant by the nmanganese is achieved. In yet another -enbodinent, the
present $omxcenf nengapeseve the sombmstibhotheteaby irasdngatese rehcak at isdst foamasg tgont ai ni ng
Fe2@3 within a conmbustion unit conbusting a fuel, wherein the surfaces are
exposed FaOi tocFepd pdhietebphe ieeal @t Stpagivatednd t he net hod incl udes adding a
sufficient anobunt of a source of nanganese to the conbusti.on, whereby the

manganese r edi@gsesait ih@Afibn SONEr efatcs AemethB&B rétardFBdide of6s@binet he met al
surface i s passivated. The present invention further relates to nethods to
retard, oxideie8 0PSOPIEIBNEinédBO; is an undesirable combustion by-product. According to one '
embodiment of the present invention, the use of manganese in the combustion process or
immediately thereafter prevents the undesired oxidation of SO3to SOs, usually catalysed by iron,
i)laﬁnmn, and/or vanadium often found in combustion products. This has the beneficial effect of
reducing or eliminating the production of acid rain-causing SO3 from the combustion of
hydrocarbonaceous fuel.
Thus, in yet another embodiment of the present invention is provided ; method of
improving the efficiency of fuel-borne organometallic combustion catﬁl;sts utilized in a fuel
combustion system, comprising adding to a fuel having one or mofe contaminants selected from
sulfur, vanadium, iron and phosphorus an amount of manganese sufficient to, upon combustion
of the fuel, interact with at least one of the contaminants.
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.



oxidation O S02 to S03, since S03 is an undesirabl e conbustion by-product.
According to one enbodi ment of the present invention, The use of nanganese
in the conbustion process or inmmediately thereafter prevents the undesired
oxidation O S02 to S03, usually catalysed by iron, platinum and/or

vanadi unpBTRENEDH BESCRIPTIONUE IHN PRESENTURVENYION12S the beneficial effect
of reducing or elimnating the production of acid rain-causing S03 from

Gt bt enont™ PRSI B89 PSSR of by i oL BRI,
Combust i oy SR cat RTRIBEE e SOTANTG TR -5) ) Bt b shlipfieq one

o rangtes e SO B bt M PRPIRRAR 8
| east QQﬁd%LmLﬁﬁﬁﬁgg}Qﬂhﬁ%Q%?pm&%m%%g%£o$ﬁ8§ﬁﬁ%ﬁg q%%ﬁ%gg&ﬁgéggﬁégson are

f oregoi ng general description an 0

exenpl ar expl tory.on and.are i ntended to praqvide farther

oxpl anaTROBrSHR pRNBR T kY aRFURE SubdhRbtn b E R istieScR PT1 o oF
THE PRESENT .| NVENTI ON Thu ccor di to. on nbogdi ment _of the present

i nvent i (?j ,rc{dﬁgé/ﬁgﬁdﬁﬁoé%%m@gfﬁﬁgpa%cﬂgag" mgtigr ?‘T?PM nsopg Iyapeesseneiel as a
co-catalyst. The in catalyst p age may he conposed of .one or nore

i ndi Vi dJﬁam&?f oh & ?%Olé&iﬂsééﬁgsm pxiggs of nifrogga (NGhy) engigsionsy Tgahe fvpl Fe,
Co, Pt, Ce, . and conbi nations or m xtures, or precursors thereof. The

i nt ended s spdhis patplyst Packagy sAatbeaddednfpr pesmplerind withet liitation, bomern? —0§

pronoting carbonbumout in conbustion particulate byproducts such as soot
and snoKBE Maditer fuel véea upsgiin Biterpyl cppfpustiemengings, sodreetvesnt2an 2@sproony M/ lief

fuel when used in atmospheric burners such as those found in industrial furnaces, home heating,

and utility power generation furnaces.

According to one embodiment of the présent invention, a preferred manganese source is
methylcyclopentadienyl manganese tricarbonyl, available from Ethyl Corporation_ as MMT®
Gasoline r:'&dditive, or HITEC® 3000 Performance Additive, or GREENBU:RN® Fuel Additive.

In internal combustion engines, manganese in a fuel combines wﬂ:h, reacts with,
inactivates or otherwise ties up catalysts poisons, such as sulfur and phosphorus, hence leavirig a
cleaner or clean combustion environment in which the fuel-borne organometailic catalyst can

+,  function with surprisingly improved efficiency. -

Carbon / Hydrocarbon Burnout 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-



hydr ocarbon (HC), carbon nonoxide (CO, and oxides of nitrogen (NO )

em ssitons. To the fuel treated with this catalyst package can be added,
for exanple and without limtation, between 2 - 18 ng M/liter fuel when.
used in internal - conbustion engi nes, and between 2.- 200 ppmv/v M/liter
fuel when used in atnospheric burners such as those found in industrial
furnaces, hone heating, and utility power generation furnaces. According

to one emﬁﬁﬁeﬁﬁﬁis bedaubdiRnitiof 968ks WANERE QN is b’ém%ﬁﬁfe&édﬁﬂl JRASRRIRaSOUr Ce i S
met hyl cycl opent adi enyl manganese tri carbonyl, available from Et hyfl

Cor por at {xaitdSatlMhid the SRR LOR iVl ihieBted Qaudih 61 | e
Additive, or GREENBUReN(r) Fuel /IA\ddl tg'ltlvj\é3 el na}lntge}r%ﬁgp 18?&&835115%%%%5%%%

manganesg;id fel@idhyBhe. COR RO si¥bioRucts ts%oivﬂ téféa ior] sﬂ%ﬂﬁt\lﬁgﬁ%tg G ?DIQEOOW s€

ties up catal ysts poisons, Slch as sul ur an osp orus; hénce T eavi

cl eaner gy fcﬁhaaaorpgﬁgaggfoh%ﬁ Ao RIHAL Al goms?nn el IS 7oBRdEee atoms

or ganone I'c cat can unction wth surprisin
effici eng,

ban, / | Most
or ganonet alinltiﬁgﬁ]con% g?% g% Pﬁa%‘%?vgé& ggaéﬁ%glgpﬁégﬁ&%g}b&ﬁg 0\é’g’agl vest he
t The .l I d th f
conust | BHE now%ﬁh”%dggwﬁoé%s?%&g@gésugfﬁw#laﬁa el e sedimraterist vl i <

bei ng in eda tio di ates bagk into the fuel gore as it
i s bei ng]'nlSI [0 3@ dnsp 1% O@éqeé”lﬁ'e‘a‘é’%?‘bﬂﬁ OTgReR efsﬁléqmaitlﬁ reachipny

fuel -ri CF zone. The pyrolysis products form soot nucleation sites that grow
into vis Eﬂ?‘g soot by coagul ati on and aggl onerati on nmechani sns. ‘As
conbustion takes place, manganese atonms fromthe thernmal deconposition of.

t he mangan écont ai ning fuel additive collide with one another and with

t he fuel ﬁ %F%*p?@du&%/[ whi ch are coagul ati ng and aggl onerating into

Any collisions between metal atoms (i.e. Pt, Fe, Ce, Mn, etc) in the combusting environment are
non elastic (this is the nature of “naked” metal atom collisions) and lead to reduced dispersion of
the metal in the combusting gases. However, collisions of metal atoms with fuel pyrolysis
products as thef agglomerate maintains the dispersion by charging the particles, resulting in soot
particles that ﬁe impacted with highly dispersed metal atoms and with clusters thereof that might
have formed prior to coliision with soot particles. As this process trérisﬁires, the level of
mixedness increases, and at temperatures above 400 °C thermal oxidation of the soot occurs as
fast as oxygen collides with these particles, The rate of this oxidation is temperature dependent,
slowing down as the temperature fall below 400 °C. However, particles with metal atoms
impacted continue to oxidize at a high rate aue 1o carbon oxidation catalyzed by carbon dioxide
and the metal catalyst species as shown in the following equations.

MOy + CO ~-> MOy (cayy + CO;

C (on soot particle) + CO; + MOy (eaty —> 2CO + MOy caty

MOx—I (cat) + %?02 - Mox

10



visible soot. The netal atonms also collide with oxygen according to the
schematic reaction below M (atomic) + '/2 02 ---> MO Any col |lisions

bet ween netal atons (i.e. Pt, Fe, Ce, M1, etc) in the conbusting
environment are non elastic (this is the nature of "naked" netal atom
collisions) and lead to reduced dispersion of the nmetal in the conbusting

gases. Ve .S . Of tal, ato Lt h fuel ol ysis roducts as
t hey agg one?%?%ncbﬁr%%l&r?? a‘%%"i‘“’? ER B r'giatgﬁo% Fs ﬁ%?f‘ﬁi’%g%%‘y%&ﬂffﬁg‘?@é?ons
resul tin ot rticles

N .S t hat are i, cted wth highly, di spersed netal
at ons an V\tn’etsﬁagflﬁds Og?lgp THEFE 8 %t“haaftﬁﬂi gﬁ mﬁﬁ%é‘% ‘E?F]Ff’é]dg%&&e thys fexgrediis on
W th soo articles. this, process transpires, the |evel of m xedness
i ncreas e%",r&%?i“élze‘jtst8 ﬁ%@?’é?’ﬂ?‘& a3 BoXREN ﬁ'@ﬁ‘g@cF AR 7RSS 18 Khecrambastingmikivees dusot
occurs as .fast.as oxygen.col|ides with these particles. The rate of this
oxi dati o lP%reﬁer%g%‘feégﬂfPﬁﬂ%‘ﬁ’é‘hH@ﬁtThls Qyikliiup dredeveh obM Ox recording ter the taeeticnal |
bel ow 400 C,. However, particles with netal atons inpacted continue to
oxi di ze H“a8%M; gh rate due to carbon oxidation catal yzed by carbon di oxi de
and the netal catal yst species as shown in the follow ng equations. MO, +
.CO --> MX-1(cat) + CO2 C (on soot particle) + CO2 + MXx_1(cat) --> 2C0 +
MOx- 1(cat ) MO cad (HCAO) -+ MBO2 --> MX 10 This "carbon burnout" reaction
catal yzed by netal oxides according to the above three equations can be
sust ai ned ™OL-e@PeraMO,a%.p8CI0W as 250 C. Finally, the carbon nonoxide
thus fornmed is further oxidized to carbon di oxi de as oxygen abundance

I ncr easeBhd Ladtive codabbiit iNekygbxEdpent@tibn déRnddie LRPSINGnHANeS 1R pHeXinng W th
time. This builds up the level of MO, according to the reaction
the combustion gases all the way to temperatures as low as 250 °C. These carbon burnout,
hydrocarbon oxidation and carbon dioxide removal reactions catalyzed by fuel bomne
organometallic catalysts such as compounds derived from Pt, Fe, Ce, etc. can be inhibited by fuel
components bearing sulfur, ph(;sphoms, vanadium, lead, etc. which react with and deactivate
these catalysts.

By the present invention, a manganese compound can be added to the main catalyst
package as a co-catalyst to scavenge these “poisons™ from the combustion environment thus
optimizing the performance of the main fuel-bome organometallic catalyst in promoting carbon
burnout in combustion particulate byproducts.

In another embodiment, the manganese conipound is not added to the main catalyst
package directly, but is subsequently and/or separately introduced to the combustion unit or

. combustion 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



equations, MXx-1 (cat) + /22 --> MX MXx + CO--> MJL-1 (cat) + CO2 . The
reéaction cycle above i s oxygen concentration dependent and wll continue to
take place in the conbustion gases all the way to tenperatures as |ow as
250 C. These carbon burnout, hydrocarbon oxidation and carbon di oxi de

remval ESRGN 0098 B} ¥ZGDIR Y5] LARKAT (RLANATELR) bl 6 ERLRLYSLS, SYOn 2

conpounds derived from Pt, can be 1 nhi
conponent§oReard nadi.u .Le et.c. iﬂ\éﬂi c)gh r eact
with and deacti \?gvg)gﬁwtti%gees.u?gﬁgF%‘g@jgffeﬂl;@tuhsem&r’get@‘ ?Raépqoﬁ%‘ﬂ?_ © eXPafinganese
conpoundg ) « he mai n cat.al,yst . .pac e as a cqQ-catalyst to
scavenge' t égggﬁfggﬁgggn%% tfg’IPBerﬁa?ﬁeco%ﬂ%rhs’f Pgﬂggﬁéﬁ%f)‘ﬁ%ﬁﬁ‘ie ﬁdﬁﬁ’é‘” obbti mi zi ng
t he perf nce of the main el -borne orgaponetal | i¢c catalyst in pronoting
car bon %{JHE%%HE PR O REITLES B A PreS 0‘1% eél%’o{}]‘ﬁl;‘%&i?&a?.lysﬁsr@% sendlt) or
enbodi ment,. the, man ese_conpound i s pot added to the nmain catal yst
package UIPEEEHYA qF@%W@%&@@%@FVOﬁﬁ@/@PW@éb%lma@welﬂm%dm@@d to the
conbustion unit or conbustion byproducts therefrom In stationary burners
the mang%A®98 i n addition to conbining with, reacting with, inactivating,
or otherw se %éi,n down sul fur and phosphorus, also inhibits SO2 to SO3
oxi dati on 11 <JeHerE Yujner Bepaces alsosyites frqma high temperafire caBiomyfitt &t maniyn t he
exhaust stream as the tenperatures dro bel ow t he dew point to give
sul f uri cCBRGIPYihEgriraneand veradium Iseels ke Tual thatdorth lowmaltigoiron derivitivegxhaust
stack. This _so-called "low tenperature corrosion” is mnimzed herein by
t he addi Yanadylapadate fluxes with alkali and alkaline earth metals that may be added as fuel-borne

combustion and emissions catalysts. Co-addition of manganese inhibits formation of low-melting

alkali/alkaline earth metal vanadylvanadates by reacting with the oxygen necessary for the

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

of stationary burner fumaces leéding 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.

Optimization of catalytic activity and prevention of low-temperature corrosion.

Sulfur trioxide (SOs) produced in the combustién o-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 resulfts in both low temperature corrosion of
exhaust equipment and in corrosive environmental pollution (acid rain). In atmospheric

(stationary) burners, the corrosion of exhaust equipment can be quite considerable in terms of
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sufficient anobunt of a source of Mi in cases where the fuel-borne catal ysts
(i.e.” Fe and Pt) or surface contaminants (e.g. Fe and oxides thereof) are
known to al so catalyze the SO2 to SO3 reaction. Stationary burner furnaces
-al so suffer fromhigh tenperature corrosion that i's mainly caused by high
iron and vanadiumlevels in the fuel that formlow nelting iron

derivat |, gggi' : nadat I | | kal i d .al kal | earth

net al s t%%tﬁn dma ten\ﬁgg(%ce%ﬂm\e@' ? g%lb?) grﬂné%ﬁ%é\ét lg%$?°§ﬁe%ﬁtlgﬁlér“}lfoéiéclae()(lﬁ@%ctﬁt al ysts.
Co- addi i . inhibits.formtion of .l,ow neltin | ka) i,/ al kal i ne
earth rr%{tﬂgp t@%‘ﬁaa@y%\%@ﬁ}gg% e By° i lac%:ePflﬁsgo%O{nﬁ of h‘gse&?/célgﬂs %85@%@g¢’§}o‘f’or t he
formation of these low nelting fluxes: These fluxes corrode surfaces in the
high te ature zone f._stationary. bur furnaces | eading.tq frequent
expensi V8 T S ARRE B RO O EP 8RO Y02 (0 SRAARGTHEER RGN he 11y
ash is galgi a%]gggl'os of this high tenperature corrosion. Wien manganese is

added t fig Yaccording to the present invention, there is a decrease
in these elenents in the fly ash thereby indicating a decreased |evel of

hi gh tenperature corrosion. Optim zation of catalytic activity and
preventﬁéﬁ?ﬂ’&l OW-t enper at ure corr osi on. @B&ME&MHT n CHe (SOC8) produced in -

|
the conblati’ee GfehydSsadr®bnhceous fuel s conb¥les with water vapor to
f or m suPPaitieCal0s5as -t H&): @sal ure of the 8haust cools down bel ow t he
dew poi APz 3f2WalCe1Osdhe” PPeséie@af this aci d8®%sults in both | ow
t enper able & e@r FexPion -6f SOk Beu@tdequi prent abbsi n corrosi ve environnent al
pol | ut i 8R2 teP(Gubtm)-—> BAs 4GwQpheric (stati 6%%4ry) burners, the corrosion
of exhaust equi pnent can be quite considerable in terns of 12 cost and down
ti me foihe epaersen dfieéncsshevmet athiswdeatealpystwesadmsOrC @l 520 °AN\oXisge
(S@2) to sulfur trioxide at very: high rates. The efficiencies of sone of
t hese r &dciC rrsOgr & 0s1 e M andi680 °C (Cu0). (Salooja, K. C., Burner Fuel Additives.

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

Platinum thus provides extremely efficient conversion of SO; to SO;. 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 undesirable 303, the reaction
goes further to form PtSQO4 which is inactive towards its intended PM and NO, control. When
this fllel—bome catalyst is formulated with a manganese co—catalyst‘according to the present
mvention, the manganese will keep the sulfur away from the platinum by forming a sacrificial
MnSQ,, thus maintaining the performance of the platinum at its optimum. In the case of iron,
the active form in converting SO, to SOs is Fe;O;. The manganese used in this invention inhibits
this reaction by reducing this active iron species to the less sulfur active Fe304 lower oxidation

state form as shown below.
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.Surface netal catal yzed heterogeneous reactions of SO2 to SOG3 have been
. summard zed by Salooja as follows Reaction Conversion Efficiency SQO2

+ /202 (Ptcat) --> S8 + (Ptcat) 100% SO2 +' /202 (V2Cbcat) --> S8 + r
- 205cat) 85% SO2 +'/202 (Cr2CB8cat) -'> SO3 + (Cr203cat) '80% S +' /202
(Fe2Q3cat) --> S03 + (Fe2Q3cat) 65% SO2 +/202 (CUCeat) --> SO3 + (CUCcat)
58% The conversion efficiencies shown are achieved at tenperatures of. 450
C (Pt), ZMnC+3Vedh)-> Mu73; €2F60203), 620 C (Fe203), and 680 C (CuO).
"(Sal ooja, K C., Burner Fuel Additives. Journal of the Institute of Fuel,
37, p. 3ZMuy972 3FpM -at 3Mny04-hRike;Qf ovi des extrenely efficient conversion of
S2 to SA3. This netal is used commercially at very lowtreat levels (2-4
ppm i n dleg@edocagoteprimiete thosidationbbsPsto SO SERBFEM; baf notFeidicatlyate and NOX
em ssions. Wen it reacts with SO2 to formundesirable 803, the reaction

goes f ur tth@mal exiflaomoPEEDh S, GlifAcs cAtiags bVS0119\8a); (elinkifatbdb SRS H N @pd
NOx control. Wen this fuel-borne catalyst is formulated wth a mandganese

co- cat al Yt ofEaH ieHPesk R ikRRHOE. CEENE0; foUENEY Qher (1S SiEn Wl | keep
t he sul fur away fro% he 1pI atli num by %gr m ngy a ?srgc':ri ??ﬁ%%?s%ﬁw}ﬁ% ;" thus

mai Nt ai NicRmbhdiRnREN Wl FBRCRIR MR AR WD 811 ées%egy@ﬁgﬂeme case of

iron, the active formin converting SOZ to S03. Is nanganese
used in this invention inhibits this-reaction by reducing this active iron

Speci es tind B eoSMas Ur qkelaf pbRRCFMuSYELs AYLEpt i on  state formas

shown bel ow.
(Gray, M.A., “The Effect of a Volatile Fireside Mapganese Additive on Coal-Fired Utility Boiler

Operation,” ASME presentation at the Joint Power Generation Conference, Phoenix. Arizona,

Sept. 28 to Oct. 2, 1980).

Thus, the present invention provides in one embodiment a method to passivate metal
structural surfaces within combustion units, which surfaces might otherwise catalyze the
oxidation of SO, to SO3. This passivation of iron and steel surfaces by manganese against
catalyzing the SO, to SO; oxidation reaction is important in ;Jtility steamhfumaces 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 oxidation of Fe304
to Fe;Os on a surface of a combustion unit. A manganese -co-catafyst added with the fuel-bome
catalyst aécording to an embodiment of the present invention maximizes the protective effect by
ensuring the highest probability of the manganese being juxtaposed to the fuel-borne catalyst
during the corbustion and exhaust phases. Other fuel-borne catalysts poisons such as

phosphorus, vanadium, etc. would be similarly inhibited or scavenged by the manganese.
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2MhO + 3Fe2(3 --> M203 + 2Fe3X4 2WMh3X4 + 3Fe2@B --> 3Mh23B + 2Fe3M4 Fe304
does not pronote the oxidation of SO2 to SC3. Since Fe2O3 but not Fe304
catal yzes thermal oxidation of SO2 to SO3, surface catalysis of SO2 to S03
is elimnated or inhibited by the wuse of Mi in the present invention. And
SG3 formed by other reaction means within the conbustion unit will react
with MO according to the reaction described by Gay below. MO+ S -->
MSO4 [Mel ting Point of MiSO4 is 700 C] (Gray, MA., "The Effect of a
Vol ati.le Firesi de Manganese Additive on Coal-Fired Utility Boiler

Oper at i oHigh TeSiEraprreSandsidni on at t he Joi nt Power Generation Conference,
Phoeni x, Arizona, Sept. 28 to Cct. 2, 1980). Thus, the present invention

provi des in o@se mmmldhmrmc_eanréejsdwmgh%nﬁ@m&@&&omtalocc&tiftﬁem[@J.eﬁ-surfaces
Wi thin conbustion units, which surfaces m ght otherw se catal yze the

oxi dat i otortdinSHAdivn®(NEBand/bRIvanalR®S (W2 kih@ ity b6 RsiRNAnDle Di UL REES DY
manganese agai nst catalyzing the 2to S oxidation'reaction Is

i mpor t angpekids iich!ak f‘SfNaEO‘*ﬁiOJ-H'\g@??éomﬁr\%m}d}?vanédé@s% ey EREL ed Lo

t he conbustion products is by design very large I1n order to extra

nexi mum agfikesih HB tEﬂﬁerHuHeeraggﬂ%%véeg 536064 dFeSt Qﬂgggé%vo AR Q)%fedgenbOdi ment

the present invention prevents or inhibits the oxi ion o 04° to Fe203

i ni - c0-cat.al yst. add ith th
on a surigeRnods 1§ s6R @S‘é;t %{ﬂgaﬁ{ahtcata@smg?zg?fge% fg{'ﬁ%’%ﬁ%?%@@tﬁ ropﬁ 82%91 on €

fuel -borne catal yst "accor 0 an-enbo ep

Taxi M 2 Chabfh BE ALPLILEERL B OV BRBHELND LRl B0PShe B ORAR LI e B L e

manganese being ] uxtaposed to th or

conbuet| 6 DB SRS BIASER ISt LUEL ROLAF cabeLiELE ROl 0T Such o
MBNGaNESEK-the carbon burnout reactions. This would inhibit oxidation of higher melting sodium
vanadylvanadates to their more corrosive lower melting analogues which are responsible for hi gh
temperature corrosion by forming a eutectic flux with the utility furnace and pipes surfaces
resulting in surface erosion. (See, for example, Pollman, S., Mineralogisch kristallographische
Untersuchungen an Schlaken und Rohrbeldgen aus dem Hochtemperaturbereich dlgefeverter
Gropkessel. VGB-Mitteilungen, 94, p. 1, 1965. Volker Hoenig, L., ‘_‘Unt_e;suchung der‘
Wirkungsmechanismen von Additiven fiir shweres Heiz&1”. Fortschritt-Berichte VDI, Reihe 15.

Umwelttechnik, Nr. 84, pp. 57-59 and references therein, Diisseldorf, VDI-Verlag 1991, and

Wahnschaffe, E., Kontinuierliche SO3- und Taubereichsmessunged auf 61 efeurten

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

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

the present invention.

EXAMPLES:

When fuel-borne organometallic combustion control catalysts including a manganese

- 15



14 Hi Tenperature Corrosion One skilled in the art can expect high
‘tenperature corrosion to occur if the fuel used, contains sodium (Na),
and/ or vanadi um (V), since highly corrosive conpl ex oxides of these

speci es such as "5Na20v2O4. 11v20G6" (sodi um vanadyl vanadat es) form on _
utility furnace surfaces in the tenperature range between 550 and 680 C
These low nelting oxides are efficient as 1) SO2 to SO3 conversi on

catal ysts, and 2) oxygen transport catalysts fromthe gas phase to the

i ron surgonrse vefe uthisedimi 4 powkr phinggmesor bombat#l fydtoiladeedinpid i doitdidialt - bor ne
catalyst (Pt, Fe, Ce, etc.) would preferentially scavenge the oxygen from
t he sur faftke megposintversiod, antisdiorzfltért showed dbdindqrfaakube mawtwithaaed.i ons. This
woul d i nhibit oxidation of higher nmelting sodium vanadyl vanadates to their

nor e corSpesifivalyl, avatuchi inichgiranalggemsitaitiashasahfbonh 08 BPtSinbliR @ T809 By
tenperature corrosion by formng a eutectic flux with the utility furhace
and pi pasasswafabesvedr esulting in surface erosion. (See, for exanple,

Pol Il man, S., M neral ogi sch kristall ographi sche Untersuchungen an Schl aken

and Rohr bel agapiryfmeafre FOBhERIBeERELEMENREEALPIAREEHEE iR obs V& RkasTe! -
VE&B-Mtteilungen, 94, p. 1, 1965_ Vol ker Hoenig, L., "Untersuchung der

W r kungSinBehaiyl S8 n Y A HWLSibMAR of 1dst oS IWWRILA S PLIERostatic precipi
Fortschritt- g{ekri cht ecg,VD(I;, Reilh)e‘@t?g. SU?n/vreél ttoechnik,'Jghllelrfst.m1%313}:6mBI[’SE.ﬁO{Sf}“’-'gséj and

ref er encRgrehdder ehik is hd 28 MtlUafvon Mo Xehdi a0 éﬁ%%ﬁt?%g}%m&?ﬁ%&%ipg F1ox

Konti nui erliche S03- and Tauberei chsnmessun urten erzue

£ S A0 o ool RO b BB BN T
present eifﬂé{gﬂsrio? thie c%%w&l'olr:x%nit is increased according to the present invention by burning more
particulate hence reducing the deposition of carbon ash.

The present invention ig paﬁicularly effective in reducing the amount of‘vanadium and
iron in 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 lowering high- and low-temperature
corrosion in steam utility power generator furnaces combusting a fuel oil as demonstrated by the
modified composition of the fly ash and bottom ash shown in Figures 1 & 2. High temperature
c;nosion from the combustion of fuel oils loads these ashes with iron, sulfur, and vanadium.

The iron comes from surface corrosion in the ﬁmace and steam pipes surfaces.

| Figure 1 shows a decrease in fly ash iron content as Aduration of manganese 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 SO;

would form either metallic sulfates on reaction with other fuel-borne and system surface metals,

or form sulfuric acid on reaction with combustion water leading to low temperature corrosion. A
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When fuel - borne organonetal lic conbustion control catal ysts including a
manganese 15 source were utilised in a power plant generator burning #6
fuel oil according to an enbodi nent of the present invention, em ssion
filters showed declining particulate mass with time. Specifically, a
reduction in electrostatic precipitator ash as carbon of up to and

i ncludi ng 38% by mnass was observed. Anot her neasure of the effectiveness
of reduced ash production is the observed trend of increasing efficiency
such as resistivity as loss on ignition of an electrostatic precipitator
fly ash decreases. This is because the carbon deposits act as a conductor
on the e i LRI L SLE Y bs, N car bon
depos 1 o s anat P Feh 1 Bhes M RAERVS b I erk R R e
conbust i emfameidoriosionnandeasiecreasingpesh ndfirdetdhds prdesative of Aess reniforic layidbur ni ng
nore particulate hﬁpce reduci ng the deposition of carbon ash. The present

i nvent i ofPTRURA M the fUSEASFSef f ective in reducing the amount of vanadi um and
iron in the fly ash resulting fromthe conbustion of fuel oil, such as for
exanple #6 fuel oil, in a power plant furnace. The present invention is

particul arly &fgueetd sepplemdnssvahe mepults gh- Fignee 1 oy shenpimgas wosresipodingsi on i n

steamuti,l ity power .generat f.ur.nac copbustj.ng.a fuel oil as

demonst r SPEEEYT Vet R plfpr i MEXSTRRL R ASTRE FP S8 romhi BB AR ash
shown i nfifd] @t EFhede Geddeasth @hirbRHREIAME &/ansdHithda i tRE adhe® @b trde nefdrBut | on of
fuel oils |loads these ashes wth iron, sulfur, and vanadium The iron

cones fr & wapechive levaly dnitih fuh aihasqdyr ddecomssprandaniqyriseef swlfuraands

= A . urras o

o' mor SN B B8N Cucel e sy RN B0h o, BAR AR adRIDE0E08
i nvent i oevenl meors ufhkunndxpeetkd i effitdvy afhmanganese to control the fate of these

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.
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is also |l owered show ng that the nmanganese is inhibiting oxidation of SO2
to SO3 and the SO3 would formeither netallic sulfates on reaction with

ot her fuel -borne and system surface netals, or formsulfuric acid on
reaction with conbustion water leading to | ow tenperature corrosion. A 16
decreasing anount of iron in the ashes is indicative of a lowering in high
tenperature surface corrosion, and a decreasing ash sulfur level is

i ndicative of less sulfuric acid formation in the flue gases. Figure 2
suppl ements the results in Figure 1 by showing a corresponding decrease in
vanadi um and sul fur in the bottomash resulting fromthe conbusti on of #6
fuel o |.wHepes dgRaSessi n iron, sulfur, and vanadiumin the ashes do not

trend with The respective levels in the fuel oil used. The correspondi ng
| evel s of; suylf : LUm.pn .t .uel .oil .used were actually trending
up with tine,eﬂ%ﬁ?@gﬁ&%%%???ﬁ?bggcm@@%&”ﬁ%?%x?ﬁgaﬁﬁé' @6?5@“@%?%cacy of

_manganese. (.o - ate of these. confamnants in the conbustion

system acc (E‘)r&’(riI %ﬁgra?(gh% {?gg%{:oenébeuﬁ O BV ERTI OB I@H% ?m8'fﬂ§)8l{j? FERECHTSOPIEE 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

i ntended 4 h th ification and exanples be considered gs exenplary
only, wit¥h gﬁ? If“ﬁtg‘oé Eﬁ%@”ﬁngh?&“rtﬁff COBFOSIOR LS 3 AT YR BRI 0N & cat ed by the
following clains. 17 WHAT IS CLAIMED IS | . A nethod to inhibit corrosion
of a conmbustion unit conbusting a fuel, said nethod

3. The method of claim1, wherein the corrosion is at a temperature below 250° C.

4. A method of reducing the amount of vanadium in the fly ash resulting from the combustion
of a fuel containing vanadium in a cc;mbustion unit, said method comprising adding to the fuel or
its combustion products an amount of a source of manganese effective to combine with the
vanadium or its combustion products, whereby the amount of vanadium in the resulting fly ash is

reduced.

5. A method of reducing the amount of iron in the fly ash resulting from the combustion of fiel
containing iron in a combustion unit, said method comprising adding to the fuel or its
combustion products an amount of a source of manganese effective to combine with the iron

or its combustion products, whereby the amount of iron in the resulting fly ash is reduced.

6. A method of reducing the amount of sulfur in the fly ash resulting from the combustion of
fuel containing sulfur in a combustion unit, said method comprising adding to the fuel or its
combustion products an amount of a source of manganese effective to combine with the sulfur or

its combustion products, whereby the amount of sulfur in the resulting fly ash is reduced.
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conprising adding to the conbustion a corrosion-inhibiting anount of a
manganese source. 2. The nethod of claim1l, wherein the corrosionis at a

t enperature above 4000 C. 3. The nethod of claim1, wherein the corrosion
is at a tenperature below 2500 C. 4. A nethod of reducing the anount of
vanadiumin the fly ash resulting fromthe conbustion of a fuel containing
vanadiumin a conbustion unit, said nmethod conprising adding to the fuel or
its conbustion products an anount of a source of nanganese effective to
conbine with the vanadiumor its conbustion products, whereby the anmount
of vanadiumin the resulting fly ash is reduced. 5. A nmethod of reducing
the anount of iron in the fly ash resulting fromthe conbustion of fuel

cont ai ni Ng. i ARkthdA for BYINSE IHORFUNEnesSa dle FEIBRYLEBBME bidanemasid Biskiend he
fuel or its conbustion products an anount of a source of manganese

ef fecti ve chfrd QahlyRt@oMipbihdb Beatiidagibne lemehtScEQBPRSH R bR EHG e MNEREDY t he
~anmpunt of iron in the resulting fly ash is reduced. 6. nethog of reducing

the amounty@fcasyd BYIMbEd B8, Fil de, chn%%i%ﬁs{‘ﬂﬂhﬁr@ﬂ‘aﬁ&ﬁe&ﬁmye%o f fuel
containing sulfur in a conbustion unit, sai d nmethdd conprising adding to

the fuel %m}a]ﬁnrgomum%&i@?ﬁe&&gm & R AERYALs naa.%ef%ﬁ&iogtmwanese

effective to combine with e su or 1ts conpbustion products, whereby

the anmou nthlyglfocﬁHJérIae{olpg Ruel D1 ileSR H:la.%t iog% %Jnlt)a?/nign%l? %éI%beréiﬁggng@g gro?)l? cgnsisﬁhegg hod

for inproving t ecti1veness o ganonetal lic

e oSt o0 sy Rl Akl YRR R eolpASly ORRgSETRIL 8l 0 Trom
conbi nati gns, m Xt ures nd . precursors thereof for,controlling sulfur

Urioxi de P BBURERGI Fougfeien ROV oT RERBISELER L St Hbusti on unit of a
hydr ocar bonaceous fuel having at | east one contam nant selected fromthe
group consi sting of

8. A method to passivate metal surfaces containing Fe;(O3 within a combustion unit combustiﬁg 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;0; to Fe;Q4, whereby the metal surface

is passivated.

9. A method to inhibit the oxidation of Fe;0,4 to Fe,O5 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 FesQ4to Fey O,

10. A method of increasing the efficiency of an electrostatic precipitator of a combustion unit
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sul fur, vanadium iron and phosphorus, said nethod conprising conbining
"said at [east one contamnant with a sufficient anmount of manganese or a
source thereof. 8. A nethod to passivate netal surfaces containing Fe2(3
within a conbustion unit conmbusting a fuel, wherein said surfaces are
exposed to the product of said conbustion, said nethod conprising adding a
sufficient amount of nmanganese or a source thereof to the conbustion,
wher eby the nmanganese reduces at | east some of the Fe2G3 to Fe304, whereby
the metal ,spyrface s passivated. 9. A nethod to inhibit the oxidation of
Fe304 t Owlh—*(gg &mﬁhﬂ%ﬁsh E‘Tdaﬁ’@d‘i‘cﬁs Sabynentinieg iy ash, said ondtbest compriinguetingsai d
nmet hod conpr.i sing addi ng a sufficient anount of a source of manganese to
t he conb¥H§IGH amepE cf Byorranhefanmganeseintbhepasbugiiopgwhereley ¢anenmalepositivai di said he
oxi dation of Fe3O4 to Fe2C3. 10. A nethod of increasing the efficiency of
an el ect Fedrosatcppeipitatysiis daceesedf and eteoimdntatit penipiiatit effilemdyiichceaust s T uel
and produces :carbon-containing fly ash, said nmethod conprising adding a
sufficient anount of a source of manganese to the conbustion, whereby
carbon deposition on said electrostatic precipitator is decreased, and

el ect r ostlatThe npatlecst qfiabia e ofafidiine it dBcwhersin iraoabagtidn uhit is ERRtcATiRAPH0f any
one of clains 1-10, wherein the conbustion unit is selected fromthe group
consi st i grguoéonsintjngaofthng lhd diibureers ootonttOBRNASnite RtatiBhdrp bub@l waRar y burners,
waste incinerators, diesel fuel burners, gasoline fuel burners, power

pl ant genenatiorssdiegd e bpdnean] gasdlite Fast B6meidIPowaPPladl denbritofy, Pabvediith: X1 er nal
conbusti on devices, boilers, furnaces, evaporative burners, pllasma burner

syst ens, fuphesnanyaing all itemeiemi Ge@rral\WmbHabn RIS boifd:s, iltuiMal SafidRivRe

conbusted a hydrocarbonaceous fuel.
burners, plasma burner systems, plasma arc, and devices that can combust or in which can be

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, biodiesel-derived fuel, synthetic diesel, jet fuel, alcohols, ethers,
kerosene, low sulfur fuels, synthetic fuels, Fischer-Tropsch fuels, liquid p;troleum-gas, fuels
derived from coal, coal, genetically engineered biofuels and crops arlld ;i;tracts therefrom, natural
gas, propane, butane, unleaded motor and aviation gasolines, refc;nﬁulated gasolines which
contain both hydrocarbons of the gasoline boiling range and fuel-soluble oxygenated blending -
agents, gasoline, bunker fuel, coal (dust or shury), crude oil, refinery "bottoms" and by-prodlicts,
crude oil e;-:tracts, hazardous wastes, yard trimmings and waste, wood chips and saw dust,
agricultural waste, fodder, silage, plastics, organic waste, and mixtures thereof, and emulsions,

suspensions, and dispersions thereof in water, alcohol, and other carrier fluids.
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12. The nmethod of any one of clains 1-11, wherein the fuel is selected from
the group consisting of diesel fuel, biodiesel, biodiesel-derived fuel,
synthetic diesel, jet fuel, alcohols, ethers, kerosene, |ow sulfur fuels,
synthetic fuels, Fischer-Tropsch fuels, liquid petroleum gas, fuels
derived fromcoal, coal, genetically engineered biofuels and crops and
extracts therefrom natural as, propane, butane, unleaded notor and

avi ation gasolines, refornul ated gasolines which contain both hydrocarbons
of the gasg]ine bpili range_ and_fuel - sol ubl e oxygenated bl ending agents,
gasol i ne, E%J n%é?etg?de?fggﬁ 837 ofpygs 19, whegpip pe maeaprae & selected fiomethy eroybt t ors”
and by-products, crude oil extracts, hazardous wastes, yard trinmm ngs and
wast e, wootPnERinEoT A sy¢lepsatadienyggranganesqiirigarbamd s eycloperdertieny] siangagese

pl astics, organic waste, and m xtures thereof, and emnul sions, suspensions,
and di sper&Frghentitssslopsntadisnrl mangaeesp Ghanganeserd Has- ablerl eycdepeptadiend. 20 13.
A nethod of any one of clains 1-12, wherein the nanganese is selected from
t he group MaERBFssLMApandse srfungle, wyndapgse phendicemphzanesegalinydate, mikiytar bony| |

cycl opent adi enyl manganese tricarbonyl, bis- cyclopentadi enyl nmanganese

( manganoc eyelopeisadienyh riaggangsedticgsemyh drganigimangemganesbonyteageantiess akyl f onat e,
manganese phenate, manganese salicylate, al kyl cycl opentadi enyl manganese
t ri car bonytyclopenjadiényl mangpaneskrivatives nbwra) hndievcrbas¢d meganak kylicylates, neutral

cycl opent adi enyl manganese derivatives, neutral and overbased nanganese

sal i cyl at emd oveibtsedImangndsopeniies echtmbaghnestasqphengtese sulunbtedmanpshese

over based nmanganese sul fonates, nmanganese carboxyl ates, and conbi nati ons
and m xt uresbdxhlateeaind c@thbinations and mixtures thereof.
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