27 March 2007 USE OF MANGANESE COVPOUNDS TO INHI BI' T BOTRI%!Z%?
H GH TEMPERATURE CORROSI'ON IN UTILITY AND | NDUSTRI AL FU %I\/B 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{ | owering both high- and Iowterrperature corrosion t rs
on the hetmeunitdyaesiogh figtboee ofgdnstaalidabhbustiod sihe Sondt ol er
surfaces o f the burner wunit exhaust stack. BA G?CIJ(IB\(llD @g%ﬁﬁggﬁ@ﬁﬁ?ﬁd\l

Fuel - bor mengangaporwetsad doince 0o dbisitivONTRA e ShSy AER8G ortant in
the control of environnental pollutants wheriyfosgl % {&w[nﬁurneﬁe 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 dicsBa, ¢, Foito, Py ele, idlco@binSRdk, m&hHANR . r ved from
transition metals such.as nanganese, ceri umg%ﬁétdsﬁﬁfﬁo(? 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 ehpo¥6ed MBIl RN ssion control catalysts for
: !ontrol ling production of sgo b A FelCeR chtissions resalt. [ adin,

tb;s. tavention serves a second purpose of lowering both high- and low-~temperature corrosion that

occurs oa the hot surfaces of bumer furnace walls and tubes, and on cooler sucfaces 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
mangagese, cedum, platinum, iron, and molybdenum; 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-bome e(ﬁission coatrol catalysts fof controlling production of s00t,
smoke, hydcocarbon, carbon monoxid-a, sutfur tdoxides, and oxides of nitcogen emissions.

7 However, the vast majority of fossil fuels contain certain contaminaat elements such as sulfur,

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




srmke,h hydr ocar bon, carbon nonoxi de, sulfur trioxides, an I
nit rogen enissions. However, the vast mpjority of fossil cﬁf’?lcjieéi%ngﬁcrgﬁ ain
certain contam nant el enents such as sul fur, phosphorus, vanadium etc_
that bind with these fuel-borne catalysts and inhibit themfrom1 27 March
2007 efeffigdngn pbiforkfid BER b Sirpode N @AGEEn, RUGH 5 Bbustish L bl QhruSLHE
conbustion units are constructed wth nmetal's, such as 1ron, which can
oxi'di Z€,wilhétRd QuctPhs 1R WRith Bkh $HAISS Lo g dGaRerature
" P e rfhon 5 BT MO AR

corrosi on (above 4000 -C) occurring on ion wunit

i's pronoted by ug ] 8gi-tdhna v iumand iron. This
~corrosion is gpﬂro %eﬁ%@%ggﬁoﬁgﬁhﬁ&%on e“%‘ﬁr“' aac?gssoi v B%’gfqi%n. :
Sodi um ' ANl sorb this oxygen.to forml.ow nelting
sodi um Wﬁ%ﬂé{)@g%gggﬁ% #q%uxesé}?ﬁg%cﬁgsxsl% glﬁ’\ygqaylugb?“{édlg’g' %c‘imﬁ% Bally
erode t Iy I rface by, farmng a.corrosive and free-flqQw ng suyface
oy wirEotEly SRR EEY o hied s BieRe, AR TPy o on
give an _ash surface deposit se fusion tenperajure falls with iron
concent rag‘?(’lr RRIAREE g‘P OWH!\SQ 1%?".d“‘}*h§m¥a?36‘ﬁa“?‘§?t"e’}l‘?}@éfhaf eidatizely gerradgsi on
tenperatu of the slag, apd just like the low nelting sodium ]
vanady| -\?ﬁ‘i}@@'ﬁ’c"éﬁﬁ ‘Frﬁ‘ife@gﬂ’@?gﬁr%éﬁéy fwping 2 coppevaasd feer-flowing safreeslleswithd
erodes the r%tlgll surface in a simlar manner. -Lowtenperature corrosion
(bel ow 25deeie) Fuekisugles roal thatthaee ghleyels pEigemogivem ash swise deosihwheomiftsianowar ds
the exhaust stack. Fuel sulfur, sodium vanadium and iron can cause this
ccor r osi Gfnperagye fallsith s ¢riceAEdivndecrepselin thofitel. The irtreingffeg dowas the fisiongen, -
bot h independent|y catalyze conversion of SO2 to SO03 at high tenperatures
“and t hetsupsitee afhsdee, apd just e the ot mdtihgsodivonvaneditlemadate flowedestdbeder at ur es
‘tn the exhaust stack to give corrosive sulfuric acid. The key to both
hi gh- aRkPVEdWsmlige slag coreodepandrsidsn themodd seifge iirsa similid miinki. t y of  oxygen
near species and surfaces capable of shunting it into the corroding -
sur f aces. TOL@W'@I@%M@)@MH@GM Mﬂ%ﬁ@mc@u&'m the cooler region of a combustion

unit tOW&ITdS the exhaust stack. Fuel smfur, sodium, vanadium and iron can cause this corrosion.
- Sodium vanadylvanadates and imn, in the presence of oxygen, both independently catalyze
* conversion of S0; to 80; at high temperatures and the resulting SO; hydrates with combustion .
“water at lower temperatures in the exhaust stack to give corrosive sulfuric acid. The ke,sr to both
high- and iow-temperamre corrosion processes isavailab-ility of ogfjgen near species and surfaces
cépable of shunting it into thé corroding surfaces. To avoid an expensive maintenance cost, |
) v corrosion must be inhibifed or slowed down. It would therefore be desirablé to scavenge the
oxygen used to promote the corrosion.
Fuel-borne organonietallic combustion and emissions control catalysts, such as those of
ceriur;1, platinum, manganese, and iron are used in éngines and burners both to lower exhaust

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




corrogion nust be inhibited or slowed down. It woul d ther r37Q§ gfsirable

. 7%00

tQ scavenge the oxygen used to pronote the corrosion. Fuél-borné

. organonetal lic conmbustion and em ssions control catalysts, such as those of
cerium platinum mnmanganese, and iron are used in engines and burners both.

to | ower exhaust rticul.ates,. . NO. dr ocar ban c, and.as, l.ight-off
cat al y @), sl fles PRGNS R GRS, pd oapgionsySeedfifift stdie
(DPFs), catalyzed diesel particulate filters. (CDPEs),,and continuously.
Fegener iFHpEOIRROTTY (G CORFO R DAlb I bt s B, TR
filter particulate fromthe exhaust stream The true efficie %X of these
cat al yt i edficiensy of thess catalytis spdityas se@mpyoreirel hyrthergencs i hafgel oFdfom F £y om t he
surf.aces of the conbustion unit, of certain nmetal contam nanfs wth which
t hese aduifades efthhavmbustion wit of ceftpingnetal copterpingyfs wigh whighdhesp 6451“1‘)‘1’3%??6 to
catalytic activity of the additive is sacrificed and is no |onger

avai | ablead 6irspeinfdomgsbiapartirnerf dectatalidic actisisyofiiky aditive-is saofiesd@ndm$ 7c cor di ng
. to the present invention, nanganese, when introduced in its various forns
pr ef er enbhgek hyailaida ot jecfoih its itendédiefk. cont ami nants or. surface contamni nants
thus allowi ng the respective organonetallic catalyst to conplete its
‘intended em ssion control role nore efficiently. By the present invention,
t he manganese al so scavenges oxygen away fromcritical surfaces and from
speci es SuURiMVARYSOH TR YevENsHioanadat es, iron, platinum etc that would
otherwse utifize this oxygen to pronote surface corrosion, and shunts
this oxygen tQchiaggouR peshtiRkhor; diah@nesco¥hadhiratucediadt vaitss foftne
manganese i n the catal yst package achieves this by reacting with this
~oxygen %@ﬁf&ﬁﬁﬂg rhdotsd WitOhk Alef SontadtiRais or 3dhcs 3bRARINARE 0 Bléowing tar bon
dioxide.” The result is a

- respective 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

the fuel when admixed with fuel-bomne organometallic catalysts preferentially reacts with certain

contaminants in the fuel or otherwise introduced into the combustion, such as sulfur, vanadium,
jron and phosphorus. The interaction between manganese and the fuel contaminant produces a

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




1 significant reduction in corrosion of the surface areas o% e cg@usti on
tunit and its exhaust passageways. |In one enbodi nent of t g ?815
“invention, it has thus been discovered that manganese in the fuel when

adm xed with fuel -borne organonetallic catalysts preferentially reacts with -

certain contamnants in the fuel or otherw se introduced into the ,
conbust i gRerais UhHe T ium iron and phosphorus. The interaction
bet ween nger%a'nes e&zar%%*gt‘%gﬁ] ] ﬁl\e{ﬁé]@ gsr?fl %"‘?{‘é‘ﬁ? %%‘l‘f@é’ge mers ergaseragaliing
envi ronnmgnt | ieh it 1s ideal for the argan l]ic catalysts to
ef fecti ve%p%ﬂd%@%eé’% 85%659%8‘3&{’%8‘.‘1’ st ogﬁiﬁsl{t@éﬁﬂﬁ St.Ba; Me, Pr.esent
i nventi op: Cﬁﬂci ncéud one or .rrt%)q[e organonetal lic conpounds of el enents
sel ect ed Trom PRE ﬁ?@ﬂﬂal%ﬁé‘i’% SPrafecpssorsfgreok vy, Ca, Sr, Ba, M, Fe,
Co, Pt, Ce, d C@nbi ations, mxtures, or precursors thereof. In another

| agpate

enbodi nent o4 iRt Raevidsdiamthnd to indibitpprgpon of mcasthvbet irdh uni t
conbusting a fuel ereby the method includes adding to the conbustion a
corrosi oﬁ‘gfﬂﬂﬁ“lw # fuely whersbythe methed inslvdesrrdding dothe combiBiion # perersamtintibiting
"interacting,"” "interact" and "interacts" herein is nmeant scavengi ng. By

" scavengfRgENt RER BIRHEINESIROHIE- t he contacting, conbining with, reacting,
i hcor porati ng$ .chem cal I‘y bonding with or to, physically bonding with or
t o, adheri ng B0, nistrgtione i mtdrasgngd’ inferactf dridximigacts rherin i atdanigscavenpider i NY
i nert, consum ng, alloying, gathering, cleansing, consuming, or any other
way or means Bhexetspgiact hersin ismtent thal conakibry, eonseaing ohithiBbAting) inebhpotatidgabl e
-or less. available. By "nmanganese" herein is nmeant any manganese or
manganesehepitailaibaiidige wither icabhysicaliyrbendirg; with @te,Cdh& R to, SpEIbmAatRY tithOt
Jdimted to methyl cyclopentadienyl manganese , _
2 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 of manganese-containing material,
compound or precursor, such as but not lmited to methyl cyclopentadienyl manganese
tri_carbonyl;’ available from Ethyl Corporation as MMT®, and manganese sulfonate, manganese
phenate, manganese salicylate, cyclopentadienyl manganese tri_carbonyi; alkyl cyclopeﬁtadienyl
_manganese tricarbonyl, organic manganese tricarbonyl derivatives, alkyl cyclopentadienyl
manganese deﬁvatives, bis-cyclopentadienyl manganese, bis-alkyl cyclopentandienyl
‘manganese, neutral and overbased manganese salicylates, neutral and overbased manganese -

phenates, nel_ltral and overbased_ manganese sulfonates, manganese carboxylates, and

combinations and mixtures thereof.




tri carubonyl avai labl e from Et hyl Corporation as MMI(r), ag&p} n e
sul f onat e, manganese phenate, nmanganese salicylate, cycl éﬁ%ﬁgggﬁil

‘manganese tricarbonyl, alkyl cyclopentadi enyl manganese tricarbonyl, .
organi ¢ manganese tricarbonyl derivatives, alkyl  cycl opentadi enyl

manganese dek ol i S - | opent.adi enyl anege, Dbjs-al kyl |
cyclopentandﬁgﬁ§}ﬁ¥ﬁ§%%§%§g§¥ﬁﬂgg??§ V%ﬁ%XBV%?%géEﬁaWﬁﬁbﬁﬁggém§ﬁﬂP%9f%tes,
neut r al Qver based nganese .phenates, neutral and overbased manganese
sul f onat‘%;shfig u%’%&&ﬁ@‘s’%‘b@?gf}g@‘ﬁﬁ&?e %OWRQQIP%F%m%@n‘mSﬁWW es thereof.
4 ------ corrosion inkitifinedncVBE ¢ 2007 Thus, in an enbodi ment the present

i nvent i GRBPERHLNInE PRPRGRL 3 BAREREBISPWEDr r osi on of a conbustion unit
combusting a_fuel, said method conprising adding to the conbustion a

corr osi on- i nh*Bi {1 HP4 bogiment Hhgmieserd dwventinmmeevidetafssl-tomean anot her
enbodi ment the present jnvention provides a fuel-borne organonetallic
conbust iOB%ng?%Wgﬁm@@H%tlﬁp Sy Fiepceoniagingmiebandatcatalyst paskageagetainbnpt anidaitng  at

| east one netal source, and manganese as a co-catal yst, wherein the

. mangane 8¢ stal spiresy andnpngapersian @ so-oatalystt whacinghavharpandse ieths kysoae f uel
contam nant_ selected fromthe group consisting of sulfur, phosphorus,
‘vanadi ufPmpingnhor inisthctsorvitioal hedst dniedud obptammindnipeiected fomIhd ot ednsistkheor

contam nant, such as sul fur, vanadium iron, phosphorus, and other elenents
and t hepylfurpphegphones; vanadiam, piLgind ebwpoundothefeonand fRowdegs a@dabron of the
steel or iron-containing structural units of the conbustion unit and/or

i ts exhaust Phsentevieant sucks sekfin] ededian] irsig phapliRus itfothdrelcRNesiad feirt he |

conmbusti on system of the present invention by or from any other means or
-"SQUr ces presurstrs,asn biiginateinf or fiof the dedralaGOATHIIBAS QN oﬁ&&ﬁco&%&ﬂﬁﬁ@iﬂﬁ\éﬁlf&l Rnits

“dubricants, in the fuel source, such as is often found
of the combustion unit and/or its exhaust passageways. The contaminant can also find its way into
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 systeins,
plasma arc, stationary burners and the like which can combust orin which can be combustéd a
hydrocarbonaceous fuel. The combustion units effective in the utilization of the present
: f” “) . 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

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.
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.that may

in crude fuel', tar sands, coal or still bottonms, and air. ﬁ§@% ogﬂﬂstion

unit" herein is neant any and all internal and external cg g#

devi ces, nmachines, boilers., furnaces, incinerators, evaporative burners,
pl asma burner systens, plasma arc, stationary burners and the |ike which

can conbust i i . conmhust ed hydr acarbonaceous fuel. The
conbusti on ug?‘%el%#@ elg qr@gy}nﬁﬁ? ?%eg%ofllo‘ff%ﬁ‘aﬁ“ﬁﬂg%?mfs FYREGSERYINVENHO®Nt | on

i ncl ud d-all. bu i gn devi ces, including f !
* ana i oGt PR o SRR bordfy e ler st Heatels ahons,

di esel fyel burlnerﬁ aslol ine fuel burners, power plant generators, power

pl ant f uFASERE 10w sifyrively, jspathetiefuelp sashrsdiissherabropssh focks liquidgetolstmgas, uni t s
benefit fromthe present invention include all conbustion units,

syst ens, ﬁlﬁg e from W%rwéﬁgm?egalkywagmwﬂ biofusksi and ciope hyd cdmctapiesaiom,

hydr ocar bonaceous fuels. 5 27 March 2007 Fuels suitable for use in the

oper at i oPAtWR! s rserane diitane; yuleaded mhptor prchadationigasadings, omd saacdlled eeformulated

hydr ocar bonaceous fuels such as but not limted to diesel fuel, jet fuel,

al cohol sgasglingswdich typieallyenontain boh kydrdaarbohsief the gasplindiediling fatigd md fReICh as

Fi scher-Tropsch fuels, liquid petroleumgas, fuels derived from coal,

coal , gefpdubleenysnataddilendaresgettschcedssl@hdlscotops ardlwih@ shitatd sypher ef rom

“natural gas, propane, butane, unleaded notor and aviation gasolines, and

so- cal | eepntagfing orghmit esmpamdo| Othesfunll e afeyiéfabinlihe BORLE AdRehBudmyE LRgar bons
of the gasoline boiling range and fuel - sol ubl e oxygenated bl endi ng agents,

such as efltonjredest inednition arecasolivie/ iR ket fut 12828 (RXE SRy E, QRIR KN AGnQYganNi ¢
conmpounds. Ot her fuels that are useful 1 n the methods and conbustion units

.of the p\_bemm"_ah@uwfddnaspdr@degﬂw&ag,hawmrwa%@,lyaxcpnﬁﬁ!nﬁﬁgsuzﬁfd WteS urry),
.¢fude oi |, refinery "bottonms" and by-products, crude oil éext ;

racts,
hazar dousoodashtpe and 36 dhst, EFTPIHRES vARE, 08 SilagdVpRGGHLD 6m€9&ﬁa§¥"w9§£§ te

agricultural waste, fodder, silage, plastics and other organic 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 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.




and/ or by-products, and m xtures thereof, and enul sions, ensi , and
“di spersions thereof in water, alcohol, or other carrier ?Véﬁﬁggbﬁgﬁ"diese
fuel™ herein is meant one or nore fuels selected fromthe group consisting
of diesel fuel, biodiesel, biodiesel-derived fuel, synthetic diesel and

m xtures thereof. Oxygenates suitable for optional use in the present .

i nvention include nethanol, ethanol, isopropanol, t-butanol, m xed

al cohol s, difet hoxy eth . terti : L oether, tertiary
anyl et hyl e‘ﬁé?éXSFﬁ9$9§E§ I F?ﬂgﬁﬁéﬁﬁ%}%%ym%%%nﬁﬁéék ® gf??°%§§é%%ates,
when used i1l nor y-~-be. present in the refornulated. gasoline fuel in
an st osh SR 23T iyl G Resray AP aBry it DR RRE o e
provi des.an oxygen content in the overall fuel i.n.the range _of about 0.5
Do aboutemstiot ENPPEg HRRLS te combREvYR %@?wnw*ﬁaél,tms AR S FAERER ¢ he

- present invention provides a nethod to inhibit corrosion at a tenperature

| ess t hawherehothe comosipreiseatrgd by cpabsstigebaprafucts. corbusti on unit conbusting a
fuel, said nmethod conprising adding to the conbustion a I

corrosi on- i rd{oiet a8 @BPHUB preSént STRBRFNES Fo proWiiGhd} nhdiftefALL Bk OfateSats aUSed
by combustion by products. Another feature of the present 1nvehironi’s to

Provi dendQRuRS dadio RERIRAN S ddTeh tBRb&AHA éonos?)%g)cgl%ﬁhg indtgg bﬁl%elfﬁe)rﬂgf ieg nl ow

and hi gh tenperature corrosion occlrring In r (o]0)
and or TR RN TR BTkl A e G e CRIRBIR b Pl iR Ranalae” ™ ¢
rangande e aRl s lRESEY Bhin Byl B el e RO PSRRI R % 0 pr ovi de
phosphac i S RRE e BafeBR Hareat al vt ¢ activity |

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

h
?

such ag vanédium, irqn, sulfur, and phosphorus, which can otherwisé poison the catalytic activity
of a catalysed fuel combustion system; ' | |
Accordingly, 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 embodiment t-o 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-bome

organometallic emissions control combustion catalyst, wherein a fuel contaminant preferentially




of a catal ysed fuel conbustion system Accordingly, the pr nt. i ntion
rel at'es in another enbodinent to use in a fuel-borne orgaz‘r?gﬁrr_%rtch%

em 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 tenperature is above about 250 C. The present invention also

r el at.esTeReis &'Fr}gtah@&ngémﬁ%m-nﬁﬁiwsttrdhmaﬂ the arghtiehetdlld¢ alystOpBBANRISY, | | C

em ssions control catalyst system of nmanganese as a co-catal yst, whereby
the orgaragbzalfithecoptthans by ite magaeksen aomieedef f ective to control '
corrosive sulfur trioxide production in either the conbustion chanber or

t he exhaust Istyeeawthepembalifentydhe peeséht enveBiaraiddse rh&h@@‘bﬁssiﬁ%%%alﬁo C.
Addi tionally, the present invention provides a conbustion”system having a

f uel - bosunfaces@bgANDIFRAD withi€ e &GEbBASH ﬁrﬁfﬁohﬁahstﬁlg'z%}wweiﬁﬁ{e%ﬁefé&s agherein a
fuel contam nant preferentially 7 27 March 2007 reacts wth a nanganese
Co- cat adxyéied i@ ihB@fodubraT tch@nBh RN IR thétfolSRliak e ﬁ&djﬂ% Qsﬁfﬁ&iérlitm ofa
scavengi ng of the contam nant by the nmanganese Is achieved. In yet another

enbodi nRaice of MAnRHHER e Mhe ic&‘ﬁﬁﬁ&?}ibﬂﬁwf&?é%&ﬂ%‘%ﬁ?x%m@é 12036kel %t;g%f ;ssdni/ea(}aﬁl?ermt al

surfaces containing Fe2G3 within a cofbustidn unit co ng uel ,

wher ei e, OLoFL G 2GRS & nﬁ?,?%@dq - roduct of the combustion, and the.

met hod incfudes 4zllddi ﬁg:& a sUftici e%is%ggrr%%ﬁe?' of a source of nmanganese to the

conbustion, phereby t.he,. eseg . reduces.at |east some of the Fe28 to

Fe30, V\hereby%t e rlnet.gﬁ1 surgt?[%c%ﬁfeg?%%lg nggf’é%f?rg"rlﬁﬁ’e ‘t"r%@:’éﬁ‘fenfﬁ\?enti on

’Tﬂur t hergibkigh 8?86?‘[0@33?8&53 §(93 it & %rﬁt%’siréb@c%%l%u(s)tgon ry?p\llrg I;[Ct.t Rgcording to one
embodiment of the present invention, the use of manganese in the combustion process or

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.




- s U
‘t he conbustl-ﬁ} S,of hvdr ocar ban

oxi dation of S02 to 503, since S03 is an undesirable conb5§tiog%?y- roduct .
According to one enbodinent of the present invention, thé &é%’ nganese
in the conbustion process or inmmediately thereafter prevents the undesired
oxidation of S02 to-SO3, usually catalysed by iron, platinum and/.or

vanadi A BRI B SEAP Bo B .S, has the beneficial effect
of redd Iﬁﬁﬂﬁ_ caa v moly -ﬁﬁﬁiﬁt d rain-causing SO03 from

ceous.fuel . Thus, in_yet another_ enbodi nent

e O GRLANTREL Be b Bsiml BV tion; b smemgsami berdied: oncy

jon catalysts utilized in a fuel

of the prese

f fuel, talli ti,
Conust PR AT E8TaPr & i AR TG R A compgdef o

contam nants. selected from sul fur, vanadium iron and phosphorus an amount
indiyf M

of mangdM&¥e rggpemetlics senpeuadnelddi Nm K. Me, EadtiBrMo, Fat@r, Bt Ceni t h at

| east Oagng of the contaminants. It is to be understood that both the

f or egoi 7Y CGRRBAUANS AUEBWREY PhPreatwprs hereslo Thointanded piupest bEte daslystiipt | on ar e
exenpl ary, and expl anatory only and are intended to provide further

-expl andVieputal pellufpe sertirol bypremotinmearkon buingitie domRtidipatici?@07 DETAI LED

DESCRI PTI ON OF THE PRESENT | NVENTI ON Thus, according to one enbodi nent of
t he pr dyBrpdugthsrehes sont andsnoke (getivekie roaiter drPMixlateldn sbine ft@nd@ iconteabal Vst
package as a co-catalyst. The main catal yst package may be conposed of one . -

or mor dyifedarborilil), @riganorrekil (€O} andogides ofsitrofenl(NO, NanisdfonsMIo 1educlSr, Ba, .

"M, Fe, Co, Pt, Ce, and conbinations or mxtures, or precursors thereof.

The i ntientdeuith thipesadysdpadkhge @ababkddt, foscxa@pliah@WRBOY Hnite@dd, Yétves £ongrol by
pronoti ng carbon burnout in conbustion particul ate byproducts such as soot

*and s mkgEMpfiitr it whed esetat inenad borstiorPEinks) kiR éRSL TG B EH P M Pt Of
~hydrocarbon (HC), carbon nonoxide (CO, and oxides of nitrogen (NO)

em ssi dued whiioudeb & zftmeéphgric burners such as those found in industrial furnaces, home heating,
| and utility power generation fumacés.

According to one embodiment of ﬂle pre;scnt invention, a preferred manganese source is
methyleyclopentadienyl manganese tricarbonyl, available from Ethyl Cprporatic)n_ as MMT®.
Gasolipg ‘z_i.dditive, or HITEC® 3000 Performance Addiﬁve;, or GREENBU}(N@ 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

} v,  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-




treated with this catal yst package can be added, for exa n 4 hout

| i mtation, between 2 - 18 ng M/liter fuel when used iﬂﬁ\@?ﬁgp\b’}

- conbustion engi nes, and between 2.- 200 ppmviv M/liter fuel when used in-
. atnospheri c burners such as those found in industrial furnaces, hone '

heating, and utility power generation furnaces. According to one

enbodi nent of the present invention, a preferred nanganese source is
met hyl cycl opent adi enyl . manganese tr.icarbaony], avail able from Et hyl )
Cor por _aﬁ?%%&é‘%"ﬁ(\{aff?‘gée ! mﬂ'&‘%‘l qerYs WE'HF fc}le\fgg lﬁ){’enﬂ ieeled yndomebustion kaetrance
Additive,,. or bGifEENBiﬂERM) Fuel Additjve. In internal conbustion engines,
mangane&diats back ipig t iCREas it heing wugoted, causing pytplysis eeaptionsof ghe foelliar wi se
ties up ca}uall_ysts poi sons, such as sul fur and phosphorus, hence |eaving a
cl eaner 1y g zausnihe pyrelysismvaduets ferm sdohnyolation sitee thatimowiintorssible soot
organongetal lic catalyst can (7 function with surprisingly inproved
ef fi ci ePt§oaguationand agajamesationoeshBisms Uts cambustianidwes pocey xiadganBermuas  Most
organonetal | i c-contai ning fuel additives deconpose in the flame to give the
r espect from thesthgimal deersuporition o€ the Imapgarfese bordainingifuck athitbe catlide Reittdnee of
conbustion is non- 9 27 March 2007 honpbgeneous because ignition occurs
whi | et #netiegend wish i fgl pymglest pudenty) whivhbus tiagalatigaind aggidinetatiag kask into
the fuel core as it is being injected, causing pyrolysis reactions of the
fuel i nvisibleissotf (idie-métalratomaso dillidepyittobysgisaccprii@dus e st 9adctignic| eat i on
sites that grow into visible soot by coagulation and aggl onerati on L
nmechanishewy. As conmbusti on takes pl ace, manganese atons fromthe thernal
"~ ‘deconposition of the nmanganese-contai ning fuel additive collide with one
~another and with the fuel pyrolysis products, which are coagulating and
‘.aggl ormer ai @gpriie) © ¥ O, sibhey soot. The netal atoms al so coll'ide with oxygen -
according to the schematic reaction .
Any collisions between metal atoms (i.e. Pt, Fe, 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




bel ow. Matomc)+ 1/2 2--->MO Any col lisions between ne5954%&9 7(i.e.

Pt, Fe, Ce, M, etc) in the conbusting environnent are non elastic (this -
is the nature of "naked" netal atomcollisions) and |lead to reduced

di spersion of the netal in the conbusting gases. However, collisions of
netal atons with fuel pyrolysis products as they aggl onerate maintains the
di spersi on by chargi ng the particles, resulting in soot particles that are
i npact edhigi“cdsbor byisnaptticagsion satlmed by mataboridesrdeondittocheistiore thredeueddnst hat

m ght have fornmed prior to collision with soot particles. As this process
t ranspi gansbe susteingdipgbmpdratures ge bves2S0REr Famibly, thacboatmdmmriie taisfoefdabove
400 C thermal oxidation of the soot occurs as fast as oxygen collides with
t hese pfurtherdxidizedithearbat diorfdetah bsypex hblaidhtue ihdeds&ITR eabmbastiigRERGe due

sl owi ng down as the tenperature fall below 400 C. However, particles with
net al atodnseasinglaed efimixaiy with! mie OTIEX belid @p #ie 18vdl b0, atRrdlietol tHe FAGRAN

oxi dation catal yzed by carbon dioxide and the netal catal yst species as
shown i egqdatiensf ol | owi ng equations. MOX + .CO --> MOX_ | (M) + COZ C (on soot
particle) + CO2 + MOX.1 (nt) --> 2CO + MXx., (cat) MOX. | (cat) + %92 -->
MOX 10 - ----------- R - eme------ 27 March 2007 This
"car.bon b_lIU’I@BL{[ N .,rﬁégg_i)%ocat al yzed by netal oxides according to the above

t hree equati ong’ can’ be sustained to tenperatures as low as 250 C. Finally, .

the carbo ney depthius f dis further oxidized to carbon dioxide as
oxygen abt%(g’gmggj i n%&rdé‘d%)s-plbgjgt he conbusting mixture due to increasing

v Ond Vel Yl B Moy O SondeitaiSn Hpehdiie aid i odtintioto ke placend ' © ' "®

/ } . 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 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 environment thus
optimizing the performance of the main fuel-borne organometallic catalyst in promoting carbon
bmﬁout in combustion particulate byproducts.

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

. 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) + Y72 -> MOX MOX + CO --> MX-t ¢ %rﬁfz The
reaction cycle above is oxygen concentration dependent and w 1 éonti nue 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

renmoval reacgiions catalyzed by fuel borne organonetallic catalysts such as
conpoun ggneaagfyi f@%@‘aﬁﬁ%ﬁkw Q‘Féﬁ‘e 6L hgdrates indhe erbayshitidpintas thefymperatiires drop '
conponents bhearing sul fur, phosphorus, vanadium |ead, etc. which react
with an e@@'&ﬁﬁf qayaRQint tp give sulduicaicidshat respis inkeriqus tlent comasimtin die, exBausBNganese
conpound can_be added to the main catal yst package as a co-catalyst to
scavengéathdbis sosalied iy tepieraiurt eortsisivbtistiioimizmhliereimiyetht additisn ofapt i i zi ng

t he performance of the main fuel -borne organonetallic catalyst in pronoting
car bon sHiieigeiamount of eburse pOWn fracastowihend e Biepbatie citslystd (.eARO4NAH) or

enbodi rent, the nmanganese conpound is not added to the main catalyst
packageswface ceritymininis (eigs Fs nitbeddmidraof padeikiiwn6 ARG dit@lye hOSOPRURRI to the
conmbustion unit or conbustion byproducts therefrom In stationary burners
the mangactése in addition to conbining with, reacting with, inactivating,
or otherw se tying down sul fur and phosphorus, also inhibits SO2 to SO 3

oxi dation 13ta@chatybbiueivr Zfdces GRN QIR ¥miAg tl:ﬂa%é%&tﬁfé cgﬁ’oﬁ@n_ %éﬁ iEhaintye S8

hydrates in the exhaust stream as the tenperatures drop ow t e dew

T poi Nt t caugidisy tgH ot dnd vagddiut NAbls 'i:?ﬁ}e' Heﬁmh{réﬁl?roiu%ﬁlﬁhghbn 8089 Q! on In

t he exhaust stack. This so-called "low tenperature corrosion 1% nnimzed

“her ei n hallyieanadhid fh:@B with afkali and alkaline earth metals that may be added as fuel-borne

¢ ) combustion and erm'ssi_ons 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 fhe’se low melting fluxes. These fluxes corrode surfaces in the high temperature zone
-of stationary burner furnaces leéding to frequent expénsive maintenance work. An increase in
vanadium and iron in the fly ash is a diagnosis of this hi gh temperature corrosion. When
Irfanganese 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 catalvti_c activity and prevention of low-temperature 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




sufficient anount of a source of Mi in cases where the fugh-hor tal ysts
(i.e. Fe and Pt) or surface contam nants (e.g. Fe and ox?zggg?ﬁg9€€f) are
known to also catalyze the S02 to SO3 reaction. Stationary burner furnaces
al so suffer fromhigh tenperature corrosion that is nmainly caused by high
iron and vanadiumlevels in the fuel that formlow nelting iron :
derivatives, and_  vanadyl vanadate fluxes with alkali and al kaline earth
met al sS¢shard dewn e fordepriss Freldiomsanetellic exalpsis eanyert sulfir divkislsi(90s9) toat al yst s:
Co- addition_of manganese inhibits formation of lownelting alkali/alkaline
eart h filfutriexideayviershiaki tatess Thy efficieoticnof spine of thes reagjigeara slossslatyw.f or t he
formation of these low nelting fluxes: These fluxes corrode surfaces in the
hi gh tenperature zone - of stationary burner furnaces |eading to frequent
expensfudacrmetilentiized hetetogentnud martieasef SO to $0R Askielrepaghmaed by the fly
ash is a diagnosis of this high tenperature corrosion. Wwen nmanganese is
added Balotjhes fallelwsaccording 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. Optimzation of catalytic activity and
prevenRegfionf | ow tenperature corrosi on.copWdibh EfdQxy de (SO3) produced in
t he cogbustimnpef) hydmaaphgnaceous fuer§“66ﬁﬁﬁﬁé§—“ﬁ%th wat er vapor to
f or m sgbf wri®, @GO RS>1908 H@JOLgLAt ure of theggexhaust cools down bel ow the
dew pPo$0} + O M@ ;..) [BESOf £8EHIGE,Of this acigggesults in both low -
tenperg@y;@gggf&gg&gn;ﬂgo3@ﬁ@g@ﬁi)equipnent gfg in corrosive environnenta
p0||Ut$@P+@ﬁgRQuO%DHh>sb +REHDS, Heric (statggﬂary) burners, the .corrosion
of exhaust equi pment canbe quite considerable in terns of 12 27 March 2007
-cost _ b 10 Qs ' | lel GnGAL-BN VSHS~C rt

\ apigh &9%0&3{0?5 Q%la‘{cbe‘rs%ﬂz‘trf %ﬁ afliSlea QP‘%H]%CI%;’C% olf. 45068 r(g%[)’e%.b ﬂ@;&?),

w.sul fur di oxide rtrioxide™at veryhigh

effici ch(%rﬁﬁp,),%&@&e%&i%gd E?ﬁa‘% t(?u%?) (%"a%o%f‘ﬁ‘."@., Bgll‘ngy\f’uel 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.

13




.Surface netal catal yzed heterogeneous reactions of S02 to ?Sfarw@ been
sunmerized by Salooja as follows. Reaction. Conversion % i C + ' /202
(Ptat) ency SO + (Ptcat) 100% S02 + V202 (V205cat) --> S + (V20scat)

85% S02 + t/202 (Cr203.at) --> S + (Cr203cat) '80% S02 + V202 :
(Fe2(3cat) --> S03 + (Fe203cat) 65% S02 + V2O (CuQ,.t) --> S03 + (CUCcat)
58% The conversion efficiencies shown are achi eved at tenperatures of 450 C

(Pt), 5%%&@%'&%%&?%& 3), 620 C (Fe208), and 680 C (CuO).

(Sal ooja, K. C.," Burner ditives. Journal of the Institute of Fuel,

37, p. e Plaki provi des extrenely efficient conversion of
DipAroPL SN g

S2 to SO3. a comrercially at very low treat levels (2-4
ppm in wlisgs f uel - bor.ne. catalyst.for,.control of articulate and NOx
e ssi onlgsgﬁ(/@éeeﬁ%lﬁtt& pPagE %‘?ﬁ‘“gaggba?%%%%%a?& s 8‘5’%%3 +§atRdyZe8act i on
goes furgher.to form.Rt.S04 which is inactj towards its intended PM and
o contbaial GRdshds SO ifics Seabar gb86; & Bt climbetad af bt Ganese
co-catal yst ~according tq the present _invention, the nmanganese wll keep
the sul 7 OGNy FEgHFeHAnYPEER Y DY FPRT HyoBelyestion Peseay WIkmSIGE, ¢ hus
‘mai ntaining the performance of the platinumat its optinum In the case of
i ron, tFEMRETYREMn SHHreast wiiniYQ oserdmetto thy reption despdbady Giwr betomganese used |
in this invention inhibits this reaction by reducing this active iron _

species to the |ess sulfur active Fe304 | ower oxidation state form as
shown b&YER+ S ~> MnSQy [Melting point of MnSOy is 700 °C}

(Gray, MLA., “The Effect of a Volatile Fireside Manganese Additive on Coal-Fired Utility Beiler

S’

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 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.

Y ' 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.

14




27 March 2007 2MiO + 3Fe2@B8 --> Mi2G8 + 2Fe304 2Mh3OX4 + 3hegdsBh 2067 3Mh203
.+ 2Fe3O4 Fe304 does not pronote the oxidation of SO2 to SC3. Since .Fe2(3
but not Fe304 catal yzes thermal oxidation of SO2 to SO3, surface catalysis
of S02 to SO3 is elimnated or inhibited by the wuse of Mi in the present

invention. And SO3 fornmed by other reaction neans within the , conbustion"
unit will react with MO according to the reaction described by G ay bel ow
MO + S03 --> MiSO4 [Melting point of MhiSO4 is 700 C (Gay, MA. ,. "The

Effect of a Volatile Fireside Manganese Additive on Coal-Fired Uility
Boi | er adifefiure COSMEoPr esent ation at the Joint Power Generation
Conf erence Phoenix Arizona Sept. 28 to Cct. 2, 1980). Thus, the present

i nventi on proui f8fed in 198t SXRROLIRI, ¢ LOsbagslyate matal 4
structural surfaces Within congustl on&ﬁ%@%ﬁﬁg%ﬁ"g’u?cf‘gdgggﬁi‘%ﬁ?edot herwi se
cat al yzgodihifs soaiindald)om % - Jhi s passi.vation of .iron and steel
surfaces by mangan@gg’ aggrr‘{s I&ég@gglil?en%gﬁlﬁgomve[@%%& F&F 5% react i on
I'S | MPOgtafat slch AWtk € L paces whe th rface area presented to
t he conﬁﬁtj' st |g on S!rj o%%ztbgvf st g{pz&}éjs{% lugle‘faﬂa‘{yg%@%tﬁ?gqrﬂ’é%“‘{t@%%t
maxi mu . the flue s to generate steam |n another enbodi nent,
‘the pr ggsdg%?é 3 l%\%]% %ﬂn %a%'Fee%g“’taée?%?mi% iaﬂgﬁgé ;(Fletrglszﬁedawwﬁﬂwmteg@@ 'to Fe2®8 .
on-a su f C stion unit. A ma nese co-catal yst added with the .
fuel - bo‘%@%ﬁtca%tlg\s% f°"§§t%%'a?ﬁ'g’nt°6t%t5ﬁ3%9mp t@pspopicatshistsdiom thagent i on
maxi m zqiastpqh rotective tgf fect by  ensuring the highest probability of the
mangandS& b glf?‘h Bekthe bttt Kemamganesssprratalyst ﬁdﬁm‘fh(ﬂmﬁm@:mat&lyﬂ
conbust | and exhau phases. O her fuel-borne catalysts poisons such as
SFhdey jd

Ej;osph © VeuFifch With'd eteferentisdly gcayenas the pxieey fromthdiurtde deposit anutijize itby t he

" panganese.

9 lan‘he carbon burnout 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., “Untersuchung der
Wirkungsmechanismen von Additiven ﬁll‘ shweres Hefzﬁl”. Fortschritt-Berichte VDI, Reihe 15.

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

15




14 27 March 2007 High Tenperature Corrosion One skilled b:ﬂﬂarr\& d; can

. expect high tenperature corrosion to occur if the fuel us@d confalns

sodi um (Na), and/or vanadium (V), since highly corrosive conpl ex oxides of
t hese species such-as "5Na20v204. 11 V206" (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) S02 to 503 conversion
catal ysts, and 2) oxygen transport catalysts fromthe gas phase to the

e g i _ . 3 ith the.fuel -b
£ on, SuRG ALy b MABARSRE ARG AEIOR M AREHE, Dorre
hoat o SRREHERORA by clfsliph fifert ShonfouRertolfe RO BERTRGRESC L OPS- TS

i | el t | which ible f i gh
ooy S cNf, AW B A SRR X Rl T RO ol 3% B ace

and pi 1= Sv%r”f ces . resulting in surface erosion. (See, for exanple,
Pol | mran 48 Was ALY ogi sch kristall ographi sche Untersuchungen an Schl aken

and: Rohr bel agen aus dem }—@ch&erxger at ur berejch ol'dgef,eu_erter G o( 3kessel .
VGB-M tteil T mggsurp ol ipe efeggrencig,pijrequepgaskipgodugtion is therobservied iseng afer

W rkungsmechani smen von Additiven fur shweres Hei zol". Fortschritt-Berichte .
VDI, Reffigasing efhigiapey el aigpigivityas logsion jggition pf aygelggiepsiatie picaipitator finaste n,
Dussel dorf. VDl -Ver|ag 1991, and Whnschaffe, E. Kontinuierliche SG - and
Tauber ef<CHatrss $hisgrbecavse thy eaioaderasiis 2qhann pendicieyen the elvrtrostdticpresinitattar  VGB
Heft 3, p. 193, 1968.) The follow ng exanples further illustrate aspects of

t he pr cdaesistiviie itineraassd es epsbanaiepesitiantand dpposiss ars deredsed: hld wmrall

‘l‘.‘,_‘ ) 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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EXAMPLES: Mhen fuel - borne organometal |ic combustion contrgl,, g@ﬁabqﬁts
including a manganese 15 ----------- 27 March 2007 source were utilised
in a power plant generator burning #6 fuel oil according to an enbodi nent
of the present invention, emssion filters showed declining particul ate
mass with tinme. Specifically, a reduction in electrostatic precipitator
ash as carbon of up to and including 38% by mass was observed. Anot her
nmeasure 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 electrostatic precipitator and

resi st i VAPaPEE FRGBLEEHORIN Higrasbes Helpdispiveorf alRregiapdsibigh rwemdiereased.
The over f C g to the
present SracoerelBhpa ababheRTRASLIAD U be I TiCIGE BETEE SRR b0

deposi t i omatiorciarthofluagdses. The present i nvent| on is particul arI y effective
in reducing the amount of vanadiumand iron in the fly ash resulting from

the conbustion of fuel oil, such as for exanple #6 fuel oil, in a power
- plant furnaceﬁltgme pREents MRS i? G 'Plﬂ ﬁcxmﬁ fae%fr ohHﬁnFOWe” ng
high- and | owtenperature corrosion in steam u |ty ower nera or

~ f ur nacesdestmabriint Vﬁmgdlam‘ asl| sudfuf inaihe dﬂ@ttom%haewﬁnigyfrmmehe cmﬂblistienl of gposi ti on
-of -the f ash ottom.ash sh Fi gut es H, gh tenmpgerafure
COrr OSi cfﬁglf?lim ﬁsee e&%ﬁ?tlpéwnofqﬁ}efm%l P‘%%P‘B%&%ﬂler?é‘g‘és ‘ﬁﬂ%t‘ & With on .

sul fur, thedesprBae Whels ilNel fulNofloBRE. T TRNCEHENRASiInE AETAS I0PTsulMlr g furnace

and steam pi pes surfaces.
‘ vanadium in the fuel oil used were actually trending up with time, hence demonstrating

even more the unexpected efficacy of manganese 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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Figure 1 shows a decrease in fly ash iron content as dura& Wtﬂ dmnganese
use increases fromthe conbustion of #6 fuel oil accordi ng e pr esent
invention. The sulfur level in the ash is also | owered show ng that the
manganese is inhibiting oxidation of S02 to SO3 and the SG3 would form
either metallic sulfates on reaction with other fuel-borne and system
surface | s, r ul furic acid on reaction with conbustion water

| eadi ng t I corrosion. A 16 27 March 2007 decreasi ng anount

of iron i theagsbifsq {o%nhﬂﬁﬂ'c%%bféﬁ oPB c@mbﬁ’éﬂ%ﬁ'uﬁﬂ cbfﬁbﬁétﬁigatﬁé‘lp%éﬁeﬂ{ e

surface corrosion, and a decreasing a fur level is-indicative of |ess
sul furic Hwicdrrogion iseaiend hymomtmsiﬁcbruby}ga@w sl gwrde:'dzsommpingr@dmg t¢ the

results in re 1 by.sho corre pondl n decrease i n vanadi um and
Cofur 1 nea RS p Sareisr g A Ob TR T e B AP En o w6 Tuel o
These decreases in iron, sulfur, and vanadiumin the ashes do not trend
with the respective IeveI sin the fuel oil used. The correspondl ng | evels
of sul furZ2and Themathiodef claim Hewhersin thi lcomjesien isat @ temepagatbrepbpyedfi'hg up with
time, hence denonstrating even nore the unexpected efficacy of manganese

to control the fate of these contamnants in the conbustion system

accordi ng3to tike petodnt daimentvieicin ewirosioh ditietthipenfiurebelopr esent
invention_ w.ll be apparent to those skilled in the art from consideration
of the sp%@?@rcatlon and practice of the invention disclosed herein. It is
i ntended that the specification and exanpl es be considered as exenplary
only, with a true scope and spirit of the invention being indicated by the
f ol | owi ng4. cl aThemethdd 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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27 March 2007 WHAT IS CLAIMED IS 1. A nethod to inhibit 395ﬁ°§h9&) f a
conbustion unit conbusting a fuel, wherein the corrosion”i s caused by
conmbusti on byproducts, said met hod conprising adding to the conbustion a
corrosion-inhibiting anmount of a manganese source. 2. The nethod of claim
1, wherein the corrosion is at a tenperature above 400C. 3. The nethod of
claim1, wherein the corrosion is at a tenperature below 250C. 4. The

met hod of claim11, wherein the fuel contains vanadiumin the conbustion
unit and an amount of vanadiumcontains in the fly ash resulting fromthe
conmbustion of the fuel, and wherein said nmethod conprises adding to the
fuel or the conbustion products an anount of a source of manganese
effective to conmbine with the vanadium or the conbustion products to
reduce the anmount of vanadiumthe resulting fly ash. 5. The method of claim

L, wher ei . e f@hof RS 11 HHAdR thiGud DSt EMuiflbd ARGsaD amount  of

iron contains in the fly ash resulting omt usti on o the fuel and
wher ei n shydtocrebdradeapmpud skeirgldit rigasgt ooncheoftaslinant $ehetedo filous tthengrpepduct s

an anmount of .a so ce of mapnganese ef ve to C ine with t iron or
fhe oombutaisife SFlstiEe Rt aa dih ABC SHHASRROTS, FAng e e EHRPTRE
ash. 6. Tbl%aﬁ@haamc@inl@é@smbﬁmlvaa&w BothPSurldy 8F atqedik 6hé‘§ie§1léﬁtfs’éfecieﬂ ffoRe
conbustion unit and an anopunt of sulfur contains in the fly ash resulting

fromthe t’é’@rﬁii@m ¢anisgng oh i, N K, Mngzw@e,r Bi,MeaFe GeePhdek, @Ddrpﬁmb@@tlwdl ng
of fect i vertsss B ERER bRBoBhRFHR R mulBHBE: on products to reduce
t he anount of sulfur the resultlng fly ash.

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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18 - ---- ------- 27 March 2007 7. The method of claim 1,27%5;%'2@?4 he fuel
I n the conbustion unit is a hydrocarbonaceous fuel having P one
cont.am-nant selected fromthe group consisting of sulfur, vanadium iron
and phosphorus, and one or nore fuel -borne organonetallic em ssions
control catal yst compounds of at |east one el enent. selected from the group
consisting of Li, Na, K, My, Ca, Sr, Ba, Mo, Fe, Co, Pt, Cge, and R
conbi nations, mxtures, and precursors thereof for controlling sulfur -
trioxide, 8. A nethod to passivate netal surfaces containing Fee 03 wi thin
a -conbu@hichrrombists fupbabl ptodngs aatbuecontahiag @ynish ahi HEthbReQBpRiIG SHARSSd 1O
t he product of said conmbustion, said nethod conprising addll)ng a sufficient

amount  sffficiem gamestaofarsoacs olthaahdde (RBE chibuside w‘h@u’% éérﬁ%%ep\gﬂg&fﬁy sad®

manganese reduces at |east sone of the Fe2@ to Fe e et al
sur f acecledropats precipitalor i deofead®l] ARIbIdcRodtifY pricipithidPeffitiefdt ik fr@lgFe30t to
Fe2O3 on a surface in a conbusti.on unit gﬁﬁ%ﬁsti%g §ﬂ$ﬁ§?@“§%ﬁa met hod
conprising adding a sufficient anbunt of a source of manganese to.the
conbusti on, whereby manganese scavenges oxygen to thereby inhibit the

oxi dat i tin THe or@tBédotpy bR ERc1aihe ];1 1, %él@ﬁ%@éodbﬂgﬁo%qﬁitggﬁe%({ﬁ gl 890 y\/\m ch

an electrostatic precipitator of a conbustion unit [
combust godpldnsRitsh & HYULE 1 AN 3 CORMRLED D%k fdXiodshy, Said et hod
conpri si ng addi ‘rl}sjg-a guf ficlent anount (])#H a s’ostltj%ﬁggar&PWW HftSe to the.
np I ng g am _ _ 9
c _O rTbuS tihQReratthe HREY ﬂ?c@%&r?n@rs?@a@&ﬁm’etﬂﬁ rl])ur?l@rs,sl?olﬂ(rjcr plant generators, power plant
oy ‘ fumaces, any and all internal and external combustion devices, boilers, fumaces, evaporative \
) burners, plasma I_)umer syétems, plasma arc, and devices that can combust or in which can be -

combusted a hydrecarbonaceous 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, synthe.tic diesel, jet fuel, alcohols, ethers,

. keroséne, low sulf"ui' fuels, synthetic fuels, Fischer-Tropsch fuels, liguid p.e-:troleum‘gas, ﬁlclé
derived from coal, coal, geﬂeticaily engineered biofuels and crbps @dﬁ ;.x.'tracts therefrom, natural
gas, propane, butane, unleaded motor and avi-aﬁon gasolines, rei}'c;ﬁ;mﬂated gasolines which

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

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

crude oil e;(tracts, hazardous wastes, yard trimmings and waste, wood éhips 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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~“Cpnsi sting

electrostatic precipitator is decreased, and el ectrostati | $HaBat or
efficiency is increased. 11. The nethod of any one of cla?%ghggﬁgyhmherein
t he conmbustion unit is selected fromthe group consisting of any and al
burners or conmbustion units, stationary burners, waste incinerators,
di'‘esel fuel burners, gasoline fuel burners, power plant generators, power
pl ant furnaces, any and all internal and external conbustion devices, '
boi l ers, furnaces, evaporative burners, plasm burner systens, plasm arc,
and devi ces that can conbust or in which can be conbusted a _

" hydr ocar bbhadeusikodfafehy oreXf clhives i hwitkrah thlenyangacesefs wleaiedBroar thd growber ei n
the fuel is selected fromthe group consisting of diesel fuel, biodiesel,
bi odi esel eodeistingad nfetiol cyciopetiadiehyd nehingsebe tric@bokyl Ryclopbahialyd maBidaeses .
kerosene, |ow sulfur fuels, synthetic fuels, Fischer-Tropsch fuels, liquid
pet r ol euntrigabonyl, - 8yclsihiad@tlylfniiheodimang O cenc) e ISR by doRRGARRAr ed
bi-ofuel s and crops and extracts therefrom natural gas, propane,” butane,
unl eaded mmiganesanfbn@iticdd s0RnYASAIrighRSe phhR! MAhad AR5, 'aﬂ@ whi ch

contain both hydrocarbons of the gasoline boiling rangé and fuel -sol ubl e

~oxygenat egclpendiagl maganss iri@esvald, Banil %ginegéﬂcmgsﬂq!deﬁ%& Qﬂ«:gﬁ lurr Y) ’

~crude oil, refinery "bottons" and by-produc crude oi | extract

hazar dousoydRgérRadicnyBish és%ﬂi‘%v@s{‘gedfﬁﬁ:ﬂov\éﬁﬁ&d%ﬁr%ﬁnﬁgg gaelﬁ?l‘aé’tr? L}%‘Bﬁ

agricultural waste, fodder, silage, plastics, organi xtures
t her eof , andveRMksia NS , ' Lons thereof in water,
al cohol , andvother ca rngmgﬁﬁﬁﬂggﬂggmgggﬁ%%%ﬁ%%%6%“gi%#% %ﬁ%9ﬁ8%“%$:any
one of clgj - whenel e is selected fromthe group

“C) t%$ﬂ%%%%$? cyéﬁ%%g%%gﬁﬂgﬁg%nﬁéﬁggnese tricarbonyl,

cycl opentadi enyl nmanganese tricarbonyl, bis- cyclopentadi enyl nanganese

(manganocene), bis- al kyl cycl opentadi enyl rmanganese, nanganese sul f onat e,
manganese phenate, manganese salicyl ate, al kyl :
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~ cycl opent adi enyl manganese tricarbonyl, organic nanganesezgﬁk&%%g
derivatives, alkyl cyclopentadi enyl manganese derivatives, neutial and
over based nanganese salicylates, neutral and overbased nanganese phenates,
“neutral and overbased nmanganese sul fonates, nmanganese carboxyl ates, and
combi nations and m xtures thereof. 21 27 March 2007 ABSTRACT USE OF
MANGANESE COVPOUNDS TO I NHI BI' T BOTH LOM AND H GH+ TEMPERATURE CORROSI ON | N
" UTILITY AND | NDUSTRI AL FURNACE SYSTEMS The present invention relates to
the reduction or inhibition of corrogigkidy an atnospheric burner unit by
adding to a conbustion system an effective anount of nmanganese, or a

manganese  pr ecu$sO0F SGANCANESDE EMBOAIIY &0 T BISt eBTIRY.olunkRer i nclude
a catal yst packegenthauprRATOE @RISR Ofy QREIATYTANG ITRSUSHHRYAL,
organonetal i ¢ conpounds of LizufdgnciK.sydreMsa; Sr, Ba, , e; , ,

Ce, and conbllegtresentsinveritish v1@8s ©thddesdbs f . The .manganese .
conponent of the catal yst package of thg{%%%gghﬁ?gﬁggﬁpﬂﬁﬁ“ HCor

el i m nates uhitdypadiae i £ eorbustifitscR i ystem whereby inproved
conmbustion and reduced eniggfonggrg@%ﬁ%&&ﬂﬁaéé&ﬁéﬂﬂﬁ“ﬁWW%°fﬁV@W@W@W

- i nhi bifirscudsk Bodde Br dan@iv oW e .corrnsion that occurs on the hot
surfaces of burner furnace \/(\3/:S ‘g&%ﬁg rgf?égfcugﬁ&c% Yegufkage St packs of the

bur nercompotedes badisitmee &dfvidual biGarinebife componids of Li, Na, K. Mg,

Fe,; Co, Pt, Ce, and combinations,

Ca, Sr, Ba, Mo,
mixtures or precursors thereof. The manganese component of
the catalyst package of the present invention reduces or eliminates the poisoning of the cbmbustioﬁ
systern, whfareby improved combustion and reduced emissions result. In addition, this invenﬁon
inhibits both high- and low-tempm_'ature corrosion that occurs on the hot surfaces of burner furnace

walls and tubes, and on cooler surfaces of the bumner unit exhaust stack.

(FIG.1)
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