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SPECI ES BACKGROUND OF THE | NVENTION 1. Field of the I nvention This

i nventi on gener to nmet hods and conpositions for reducing sul fur
Levels in f|UelmMmmH”mHmmmEt6d by hydrocarbon catal ytic chagkitRngotdi ts.

coal and/or oil-fig power plants and chem cal manufacturing facilities.
Description, of the r|or Art. Sulfur is often' a conponent of the

f eedst ocks processed by many industrial facilities. It also is found in the

fossil fuel wer and/or create process heat for such facilities.
Hence, the mmmmm ” mm@ I ned in such materials has the potential to becone
an at nospheric p

- especially when it takes the form of those

sul fur oxide gaé@§6that becone a part of the flue gases emtted from such
facilities. Such em ssions are particularly harnful to the atnosphere and,
hence, are the subject of extensive governnental regulation. One of the
mast conmonly used net hodsSOgr APDITIVE B ITEEASRASEDt o sul fur oxi de
gases into the atnosphere USE tQF AGPLTERLE hBARTHCIEYISABETIES conpounds t hat

have an ability to absorb them -2 1 March 2002
BACKGROUWD OF THE INVENTION
the vention. This invention

generally relates to methods and compositions for
reducing sulfur levels in flue gases generated by
hydrocarbon catalytic cracking units, coal and/or

0il-fired power plants and chemical manufacturing

facilities.

2. Description of the Prior Art. Sulfur is often’

a component of the feedstocks processed by many
industrial facilities. It also is found in the
fossil fuels used to power and/or create process
heat for such facilities. Hence, the sulfur
contained in such materials has the potential to
become an atmospheric pollutant - especially when it
takes the form of those sulfur oxide gases that
become a part of the flue gases emitted from such
fac111t1es. Such emissions are particularly harmful
to the atmosphere and, hence, are the subject of
extensive governmental regulation. One of the most
cﬁmmonly used methods for preventing release of
tbese sulfur oxide gases into thes atmosphare is to

chpture them through use of compounds that have an

ability to absorb them.



For exanmple e, in the case of recovering sul fur oxide gases fromflue gases
generated by fluid catalytic cracking units (~CC units) used to crack

pet rol eum f eedst ocks, m crospheroi dal catal yst particles having chem cal
activities toward sul fur oxide gases are circulated in adriptdrérheoppt h the
m crospherical particles used to carry outpathe petrol eum cracking function.
These hydrocarbon cracking catal yst particles are often referred to as

"bul k" or "FCC' cat alpyai sexbikbeel ha utiiar coalal ¥t rpaidyat 83, LG ¢ Len
referred to as "SOx additives" During the hydrocarbon crackimy pr oce§s, a
coke-|i ke naterdsidehagasleso dommai fdue sgafass cgmonented i bySUELUR i S
contained in the é)etrol,eumfee‘dstock -,‘_i S dgposi ted on the SOx additive
particles as weF3LALYERC R FERLRGt MYSS peFttckadtsBot UskAnd® otrack

particles, and P?‘p‘? co sylfur deposited on.them are carried
fromthe FCC u sg%égglt or %c?%‘:é%s?%ﬁa ‘al ygﬁ"ér?gééﬂﬁfaf’& .aSHer EagHkysbke,
and whatever sHifriéDat ifaeOid acRBtilcall hakr¢okes olsS pgd Qffz. both
ki nds of catalyst particles. The sul fur conponent Eg.?'ssu% Héﬁ e/%‘fﬁ#‘ﬁﬁ
deposits forns ctildair gpgse garesciecufabesul Ltur aiimiccgerandysuh f yy
trioxide which are often collectively referred to as "SOx" gases). lfnl ess
captured, thes8lSHeIRReE51GaY dPBEtaRLesSed UsRd he @it D3 pirgr e catong e t h

ot her flue gases given off b he cat.al yst, regenerator (e, g., carbon
nonoxi de, carbBﬁtgﬁo We, ﬁfg?%ﬁggox%HQé?l&"c.). I %?%erh]‘(gﬁé§aé‘bon

i ndustrial facplitd 3 il p r certai n_chemi cal
1 March 2002 -5'%%‘3?‘?&&??%&’%?2%?%)5h{zg%%x%\gﬁdicﬁtsegl‘ss%?‘ggﬁsﬁﬁl Epas

enpl oyed in thepfidkm x| apger pathilelsts swiehi@stpel |SQ£leLEI.ha&a§£?ert
circulated throughout the facility in the formof mcrospheroida

particles) butpaatheles ensafisnsvefarred thl aisd "iSod; addidliwed. bed"

catal yst systens. |In such sy tem},‘qﬁhese cat al yst E_.el |l ets performtheir SOX
addi tive ,functi onsPHF EHordd odWFERPTRYFonSraSkdBSos RFARE I nGa

circul ated thrgw?gﬂgktehegg}téﬁr%%hlunigha he%fﬁgi xggn?gg_&asggé"l \L/%ﬁ ed

systens are usual Ty provi so-calle SwW ng Provi de

more than one ddmtbhenbae or ffxeelped se haitAindPast eRe ga%cttﬁgﬁ@g used
rat ed.

to capture SOX while at | east one other bed is being regen t hese
swi ng reactor fasdsgackti ons & tdeposhpedt hon t dugprodoge additive

sul fur-containin fI]L_Je_.gases. hus, even. thaqugh the sulfur contained’in the
fossil fuels &%%'%‘5 Ponds & 3T PR phier Fiarfatakdsbr pgrsdicdespr ocess

heat for chem tuyrd n Lhinlsd €S5Sy C t i nt 0 ,SOx ses in a
manner sonemhasiaadgf ??{e}'#{ec%fc ;b;fomgta%g%bggsﬁccail}% tlg%w?%eeégkﬁ rcecgiﬁta' t he
sanme; unl ess ealifieddebeiite30cENtR&@MONAMANCAPE1 9 TSN  c@Qdppel | Ut e,
t he atnosphere. Many material s have been used to prevent, or at [|east
reduce, sox efFddi'GhsTRASHFOF1IESULERS| FAFRIYH TFegehpriador .TheHEOs,

a netal oxide of one

absor bi ng conponent of these additives _i Qrmal | '
kind or anot Hg?‘_.e éé‘ﬁ’g?al Iag’l"_dsp‘%é%?\ﬁ‘,‘rt ﬁélé‘gq%tra‘fa%x?ﬁe§%ﬁ";ﬂ%t iBheir SOx
capturing funghaen Byibor MggngaEAkas Wi epouhen 1ley Y £XPP§g.to SOX
cont ai ni ng gases, especially under high tenperature
particles. The sulfur component of such coke/sulfur
deposits forms sulfur oxide gases (e.g., sulfur
dioxide and sulfur trioxide which are often
collectively referred to as "SOx" gases). Unless
captured, these S0y gases would be emitted to the
atmosphere along with other flue gases givan off by
the catalyst regenerator (e.g., carbon monoxide,
carbon dioxide, nitrous oxides, etc.).
In other kinds of industrial facilities (e.gq.,

coal-£fired power plants and certain chemical



.gq_ 1 March 2002 conditions. A nore conplete identity of these netal oxides
W ll be provided is later portions of this patent disclosure. Regardl ess of
their identity, however) regeneration of "sulfated" SOX additive particles
usual l'y -i nvol ves converting themfromtheir "contam nated" m&fcﬁ'zoﬁé" fate
fornms. back to their "uncontam nated"” netal-3oxide forns. For exanple, in the
case of a FCC. unit, the netal sulfate forns of the SOx additive (that are
produced in the vatwlipsttuegenerdiaortaini t S&f e axiduiaséed, are adgixture

wi th regenerated hydrocarbon cracking catalyst, fromthe catal yst -
regenerator unitSBRERYEE the FEE uAPETs %dﬁé@%npérédldl@ﬁ r sactor azone.

Mere, the petrol eug}]'f8 eds%%ck is _cracked and thﬁagulfur . conponents of the

SOX additive parkf Sar E5¢ v ETed 1 hytrogend SEft | GETGISHRMG hethe
hydrocarbon/ hydgggen; £i.ch At PRSPISAS 6Xf ShiiRGd 1.&_% : ctQr..zones. As a
consequence of th?s, %hg nmetal sulfate corrponentsrbo a51 aé’ |rttil\Fg'e?§'
reduced to its retal radmerf @m andedt hus, do-d@lib=deadyliog Psequent
reuse in the catal yst regenerator. The hydrogen sul fide gas produced in the
FCC react or unit"fixederhad! | waighyated syisdams i nat dny sechicedyiseealsenment al
sul fur in ways well known to the chenjcal engineering arts. In the case of
fluid bed or fiXcfHed Gk B?S?glm? ﬁﬁlﬁg%mt It Tis 8P« oaddatidate SOX
em ssions from ; t (X WL, i syally_regenerated by
passing a hydrocar otnl-%%tfa?rérﬁ%%aéagglrl%ﬁé?’ ﬁ@gpqudi??v lFt’)%ﬁ'_ai:}uF'i""ng a
swing reactor hdingl MbrehlZ00d ageughouom iy ckar i FAI fiper alinn al s
serves to convert those netal sulfates contained in the used, SOx aa itive
pel | ets back to£ftileid best sdndxibeid dbed. sket aaseaxer amaned, 1 ansk-dwi asg
gases, as well as hydrogen gas itself, are used"to carry out the
regeneration of Wdkéh SRXCAHHEERi VEXLING FRAGCPFREd W br PEPULdebetosgst er ns

. Regardl ess of ct t f i aces eing carried
out, and regardFEeIsgg" g?‘%t ﬁeﬂgh&]yskieec%loéit%e‘&%?%%é %%)XB%(& itaistvg' rFR&F s

bei ng used, andpegI&a¥ €58 szsefdhecdm&ﬁ'?duﬁéedsd,g wageeerat epsych mpierials,
any given SOX additive system nmust perform at |‘€ast three basic funciions

with respect toothersutédr ioxi beiggseseghrgratekd.to @@t wimsdi Biing hese
SOX additive systens nmust oxidize S02 to 5Q,; second, the\t/ must absorb the
S03 once it is ¥BRAEAT SABLLALFALICRSy AFuSRDE B e EReYgEoe Bpoduce

captured SO | 1etHSL LAbs L agnansLeds T nobld o EaRNCLLo7 L9 S0

follows fromthe very-f ew materi capa or bi ng

S02 gas and wi tdisimiei R@nthd Hiidhid eERer Fowss Icopdhl 5ORS S HEELSO= is
created. There are, however, many materials (e. g., various net oxi des)
that are both cubatizrioilapovedi mdasSts ardibthpravdidey pimcds ghheat

tenperature environngnts ere it_is_forned..|ln npst cases, these netal
oxi des are bi v#¥nt ggﬁfi‘/l&a TR ERE - Wet A ogﬁcﬂ’e]g)t?%? &farfPRvertgdesi a

inds. of - hydr ocarton et A1 erc ot ek A oo o 8y Wt o e By .
that of FCC units, the end result is the same;
unless captured, their SOy emissions can and do
enter, and pollute, the atmospheré.

Many materials have been used to prevent, or at
least reduce, SOy emissions from all such industrial
facilities. The SOy absorbing component of these
additives is normally a metal oxide of one kind or
another. Generally speaking, these metal oxides
carry out their SOy capturing function by forming

metal sulfates when they are exposed to SO0-

containing gases, espscially under high temperature




1 March 2002 -6 Patents 4,423,019; 3,835,03Z;, 4,381,991; 4,497,902;

4,405, 443 and 4, 309, 130 teach SOx catal ytic and/or absorbent activities far
various netal oxides. The prior. art also has |long recognized that certain
retals (e.g., cerium vanadium etc.) and their oxides (e19varcE2002,

vanadi a) can be enployed in SOx additive_gystens in order to inprove their
ability to oxidize SOZ to S03. zndeed, it mght even be said that, to a
very large degregngifieopki Or adkbrél briAsRActi dontist Y oFelal 041 glera )
materials as SOk oxi dants and/or absorbents has, =or~the past several
decades, | argeloxtdisewidd itsebfromitded i ddi dgHeet t eoways ©f cFSsegiati ng
various catalytically active netals (e. g., cerium vanadium etc.) wth
all. manner of pafefit ckigel@auseials in order to enhance the resulting

material's SOX catalyzin nd/ or ahsorhbi,ng. capahilities. So met al oxi des
al so are known to ir%rﬁﬁ/’gd RaSreP ase‘k')&b(’b%‘t he %&eﬁﬁletc%rrpon wafer ysed"

SOX addi tives it ﬁq_ﬂ._{@,% jdre . Lan shemit ogbe r 2gug c -tLl)’ie' met al
oxi de forns. F\gr%%{eééaerfp €, | .nggatEent 4,589, 978 ("tﬁgeg'y%apﬁtaé'n - %g’eaches

SOX transfer caigiatgks basedbupan theomsertofngareckent h FRbal s i As
cerium and | ant hanum™ The ' 978 patent al so teaches use of alumna to absorb

SO, by forni ng "@lomtiamimandd at @atalei ssddsitenc o rmser back heal whedax i s
enpl oyed in the formof a separate and diéti gct part iwcl e species that is
used in adnmi xt JNECRRERTENRAGEDarts c3 sCTHAR EBATSIn &33P, eXAMPIRI.ddft . To

t hese ends, the. '978 patept st:%rg_e' ' The Y t:aag,sf |y of the
present invent g&ﬁ ca_spe_ SE‘- 8 ° r?ﬁnbghztggegga‘Iyggl%g?‘&%esfé‘_r%t 8? oxi de
such as al um nanE0 sADS QYR Hivas (eHhtakee B}.%dil@mn@n”%\hé)ecgtﬁi%ét ed as
a separate particle & used as a support for the rare earth conpohent.

Preferably theraufiepatiox amisch i azef almcuwiliefrdd ghisuatadsctares, wibhch
i ncl udes synthetic alumna in_gamm) theta, etc. forns as well as natural

)
al umi nas. " W wegeaespsert Al TGLHRe hEFECKRAC (FR-2 Y8t patidiAm atheeast

in principle, recognizes_that I | um aabsarbing c onent | may be
circul ated as 5§32 &?ét erep%???}é%gog L{[ﬂ;f@ %%céflsggv\oh?g ng'tqg Attt fe

move- quot ed phyase,goes.An (G- 2ok ddat résstakunizadimy berdised asma
support for the*rare earth conponent." Later, the '978 patent goes on to
say that its "petroleahumfeadatcdakar elgar thacedonand cahebe dulfher,
supported on an inert support or matrix whic¢h,does not react wwth SO~ or
SCs to form sut¢mpenenhs. QUppokhe f &Ox hea‘gl?ﬁFril?‘fﬁ aRPFaieLlesr t R%i dati on

ki ool qunr | ScFPRESEREd unFRa. » EHETRETE quotEd those 380t 11 it he * 078
pat ent becausey.d b SPPBoNAY hyd Fegégachidigs aenddiitefat enti sefggenge define
certain "points of departure™ that help to establish and define the borders
of the novel aspectseattble 2N i 0ASAEs CFIBREINANCAI @ﬁ)atbds,digéxal osure.
Therefore. Lhe SEAT P800 LORpoRiacPde 460 AR et N '

to its metal oxide form and, thus, is made ready for

subsequent reuse in the catalyst regenerator. The

hydrogen sulfide gas produced in the FCC zreactor

unit is eventually captured and ultimately reduced

to elemental sulfur in ways well known to the

chemical engineering arts.

In the case of f£luid bed or fixed bed catalyst

systems such as those used to control SO, emissions

from power plants, the S0x additive is usually

regenerated by passing a hydrocarbon-containing gas

through a SO, additive bed during a swing reactor



1l March 2002 _g_ SUMVARY OF THE | NVENTI ON The present invention is based
upon three conjunctive findings. The first finding carries applicants'

i nvention beyond the general teachings of the '978 patent concerning the
possi bl e use of SO, oxidant catalyst particles that m ght {hgaegRabat e and
di stinct fromthe systems SO absorbent -garticles. The hereindescri bed SOx
additive systens and processes - enploying at | east one SOz -~ S0,

oxi dation catal yehepemaenent dpcBeflirthiparbbekaripeci £5s@ndeat,d£ast, one
SO, absorbent conponent in a second particle species require Chat at | east
one SO= -~ SO, canvertofhcsealnstakospbhehesofccaidinadt in aber abda@OX
additive system be physjcally separate and distinct fromthe SO absorbent

conponent of sa¥®% SBEMHYS vaPebkeetn BRCHt hEP wbhadr apwitiadantosidex
additive systeng will. ve _at, | Mo diskipct. particles species wherein
the first part%?’é‘“%pecpgs%‘&%eﬁaﬁlﬁl_s%;’ 'é’_r’ri%‘gapgg‘tﬁ‘%ggie%q g&xi“ﬂ‘a]ﬂ- on
function. The speopgdpableCleaspeeisas s ldror yarid I&/Oc%rarz%\}puéue e
absorption function? Thé second particle species nay, however, al so carry
out a SO, -~ SEegmieisitbonf wict seahasoyel ddAppiviecanis’ ttanond Ffiiad ng
revolves around the f act that certain ingredients are particularly
effective in f&®afuar i Fyutdchedf SYRECBFfferent particle species of

applicant's overall SOX additive syst Applicant's third finding is that
some of - 9 -1 I\/&etﬂiarfgjgaf?he? grgaeent *E&rght “RT Y ' 978 pg%’lé‘nt

and, 1 ndeed, b0 dRUHHCAIE OHOLAN! chbeiRE Qudl ladLINILDG S

addi tives) shou e used rather sparinhgly -- or better vy

all -- in appl bgante Myhikipalt iz SExthddidoyeagystams. e yill be

sai d about these limtations and/or prohibitions in subsequent parts of

this patent dibelloguresedhne anst ergghrdledéscefbdih¢ nwerttticsh ubksd isobased

upon applicants reco%ni tion t atm%utfe of, most__prior_art SOx additive systens
r

depends heavi | ¥2@fB*85fa Fithe ?fdlea]e?rpl Al sHEVFRat SOk o edsbfR t hat
also will be .hgggtgﬁf trﬁfs@%%r‘c‘&!ﬂny a@esféégédthrﬁlﬁﬁfcaf%%"ﬁjlogr%a: y?f

waste of the ingredients us to make SOX additi ves. re Speci
appli cants hawgitRCceeRineed timttidesel fue sididal iPes NthBP WERKO X

addi tives where an industrial plant operator nay want relatively | ess 502
-~ S03 oxi dat i captapaci t y Fizst r ekaereel SOxpradSUBl et sarystiems capasti ty in a
given, SO addi{lye: LT oL, ALe%RHC TPthNE A0STes vaL U

once it is formed; and third, they must be able to

ngive up" the captured SO, in oxder to be

regenerated. The need to convert SO; to SO3 follows

from the fact that very few materials are capable of

both absorbing SO, gas and withstanding the high

temperature conditions where the SO, is created.

There are, however, many materials (e.g., various

metal oxides) that are both capable of absorbing S0,

and withstanding the high temperature environments

where it is formed.

In most cases, these metal oxides are bivalent
and/or trivalent metal oxides. For example,
magnesia and/or alumiha have been widely employed as
SO¢ additives in many different kinds of hydrocarbon

catalytic cracking systems . By way of example, U.S.




frue. By way of exanple of the first situation, a FCC operator nmay want a
relatively large anobunt of S02 oxidation capacity in those cases where the
bul k, hydrocarbon cracking catal yst being enployed in the FCC unit at a
giver tine is itself also capable of absorbing sone of the phchbapped in
the catal yst regenerator unit. This abili4té follows fromthe fact that sone
FCC, hydrocarbon cracking catalysts are made with matrix materials (e.g.,
alumina and 1piberbs2@02231 @hagnadsiBdl OFdt; w1 33absSerly S0, 4a9,8el2l; as
serve as matrix-formng materials for the hydrocarbon cracking cat
particles that aré02ndéddeand nitAé %ol FeaalalSft PaFAILMEq eagd/or
magnesi a and al um na,_are o=ten.,enpl oyed in & trix-form material s
used to bind va%’%‘?gbiﬁgl iaf:glrj&ﬁtﬁe(ﬁ é_soc% h"g ‘Q‘?%ggﬁ}:gﬁe(f‘f%g%%ny bul k,

hydr ocar bon crackin t . y ers hydr b i C ysts,
however, are nade w %én%ﬁrllfé%fc#?ﬁnna@r%m?t e??gl s th toflhea\eléeﬁlkflztgﬁe %2%0 S03
absor bi ng abi | i dgkt Tiws mdtmIhoge .gasescabtue, a winedilydr oegebon gracki ng
catal yst being enployed in an FCC unit also has the added ability to absorb
S03, the overaltheSGx eridesvdesgst.erfgmher eVANRHS atler@®ils st @mpdoedid be

taken to inply the sr esence of at | gast one S02 SO, oxigdation catalyst
conponent, and &t $QastA¥hESR SHS Fﬁ‘éntlﬁoﬁpér‘?e’:ntfoshﬁ"ﬂpﬁo’({ﬁnttéﬁpénough

sul fur oxi dant taq.pr.Qdu ; SQA.th t t ot a | yst . syst can
absorb - taki n@tq%lotoygo?éi 2%}%]& Jlj%% t O@ fg%t that a %ngﬁ%cé%yéflﬁ bon
cracking catal wStamaye idSEhTtRANE theaakieldit M argeahsogbesomenal 3503

produced by the sul fur oxidant catalyst. In other words, in thoSe cases
where a given REE hyitlcaelspectr duki ngicgt el abxddsasns berablki tas to

absorb S03, the FCC operator would prefer a m'xtIL'He of S02 oxi dant and S03
absorbent that SOx rexadprpEsy aRFLAT (FPFPEOERFHar3BonpbPEntths PREESO

additive system O . .the,other_ha. ;4 int S e, the .
hydr ocar bon cr &&KFRG fcat ?@%&eﬁhtrﬁ?r%aesh}ﬂi t%]&zg%%ﬁég- 1\1!]§£1\;a?chw266’2
finding better ways  of assoclating various

catalytically active metals (e.g., cerium, vanadium,

etc.) with all manner of metal oxide materials in_
order to enhance the resulting material's S04
catalyzing and/or absorbing capabilities.

Some metal oxides also are known to improve the
nrelease” of the sulfur component of “"used" S0y
additives when it comes time for them to bs reduced
back to their metal oxide forms. For example, U.S.
Patent 4,589,978 ("the '578 patent") teaches SO,
transfer catalysts basad upon the use of rare earth
metals such as cerium and lanthanum. The '978
patent alsoc teaches use of alumina to absorb SO, by
forming aluminum sulfate in circumstances wherein
the alumina is employéd in the form of a separate
and distinct particle species that is wused in
admixture with othér particles that contain a S0, —
S0, oxidant. To these ends, the '978 patent states:

"The SOy transfer catalyst of the present invention



nho S03 absorption capability, little or no "extra" S02 -~ S03 oxidant is
needed beyond what is needed to produce the anount of S03 that actuary can
be absorbed by the S03-capturing conmponent of the SOX additive system The
operator's adjustment problem (indeed, his dilemm) followsggffABohbe fact
that, notw thstanding the teachings of the7-978 patent concerning the
possibility of using separate SO_absorbents, commercially avail able SOX
addi tive systenP=2Estabhil ancdurdsst Be Meddh o¥xddsi sykd par tiladxei speebes
that contains both the SQZ -~ S03 oxidant conponent (e.g., ceria, vanadia,
etc.) and the SEPSHRrbefe céﬁporr‘éﬁt‘-a(‘ee.' g., afbfi n@lUbgresi mavet cbd.
Thus, when usi ng,; i hgl articl dditive stens, if_the operator
%1%%%% ,easp 2 %e%asr%ea. Ul ’e‘?g%u?/’—’adb%%@ s OPs

wants, to add nore oxi for € absorbent i s Ih

Consequently, i jugid:a NFGREA OMSre addktiONcGhpBRESES02 p; tal yst
wll "waste" sorre‘fp?; t he SO3 absorbent capacity %f an;7 SO_F’rggg?cta?:@ﬁt hat

is introduced ifthe t hduming i bst fen f actiofe a fKomyl evipar t hdg® SBASIFASe
Conversely, a need for relati \_/eli/ nore SO03 absagrbent occurs when a SOX
additive is pro#@ad tWhachccinptvdefatSYRtBerd¢ usdyninaa dndegafma,
operation known_as "partial burn " 1In S de ., of qperatipon, the
combustion air Egﬁitfat'e&ttco' ¢ Fed e“béeﬁarﬁggpaﬁl’ﬁrta ' salsﬂ?%%i V limted so
that there only w |l yhe (a8l Lpexsessaofioxyges i e-fLlue gas. LS IS
done in order to limt undesired conbusti g(r)l of car (%tné]n%%%?i 521% o'ggbbon _
di oxi de. Thus, patehts amde=oét ppenatgmincioEEC eprf®RiRiz8Uke apr ef e to
-12 - 1 March 2002 have a relatively larger anmount o. absorbent and a

rel atively snal&dumanduriO,oftbsoirddmg . cTRRPISNN 0"pay that ctihewdpetsd or
woul d prefer to limt the anmount of %):d dant sp that there is only enough of

it to convert SAFfar SEPGERE tRAKUFLT tricoxi de withRtSPhepeld swiming
enough to conv n X} i 0xLd his._case,, if the
oper ator wants L5 aan roreolns sipsen, SRS FaRk (On B REVeRPR i
where only a siamleimerhigl BespeskasaSOn adgiddme FSravakl ahke. oF X&h
Consequently, the "extra" oxi dant conponent of a single particle §
additive will sompanert diri dgtEel,s hrle' 8 8oaenbngoeisnadeedsoi tsawi | | be
detrimental to it. FCC operators agso.expericﬁnce mar%/?. "upset" conditions.
Not the |east &fdheleSare 'those BAHDEFLAHNaRGES iSRTHE SerPanents

concentration iy fe QSt9%1‘511&@“%6%édOchrt?Reafrgg;inre%tt hgi_lpgg%régegrbe

qui ckly made in either the concentration of oxi dan tthe

concentration efatidie alshiedbesConteqentt ywikBSISOPIAINES wsUabLY
respond to such upset conditions by inmediately addressing the nost
pressi ng upset St3fditE.on XSt iISHPRAT GThe festre e egdtdiioss afdwasaee of

"unused" conponent ,oxi dani_. .or te of ~unused' absorbent, that_nay be
contained in aeg.ir:l'@ eoﬁ%f'rc{ﬁtclloen \gg?r%(ﬁflt??ge %glé’t e%e Irﬁfg&ft%fgnny%h _
upsets coul d bgjpriewentsad jical/ae umiai, w@éaieésha@ti@s@ﬂﬁé{ﬁawf}h@e 50; i
additive systemat his conmand. Applicants al so have found that there are
even nore subtbr ednsiicer.dti dies havet Potdd tbdsespead stayesudrdmdapendent
addition of either the S02 1 March, 2002 -13
'978 patent because, 1n some ways, the teachings of
this paternt reference define certain r"points of
departure" that help to establish and define the
borders of the novel aspects of the invention
described in this patent discleosurs. Thersfore, the
teachings of the '978 patent are incorporated herein

in their entirety.




S03 oxidant catalyst) or the S03 absorbent. They revol ve around the "agi ng
rate.. of the oxidant conponent of an SOx additive systemrelative to the

usual ? y different "aging rate" of its S03 absorbent conponent . In actual
industrial operations such as petrol eum cracking, there is paRr®sent!y
known way of accurately predicting the uséful life of either the oxidation

conponent, or the absorbent conponent) of a given SOx additive in a given
FCC unit. That is to say that depending on such factors as the nature of

t he feedstock being processed i.n roduced and the

nechani cal features of a giv £ , 2 &E&J%nt may "die" before
the SO3 absorbent, or vice-versa. Thus, in a SOx additive system conprised
of only a single partik| LEpeeRes LRALIESATai IS bdrdsed SOxpori datiree

conponent and S sQr bent, ¢ onent, .there,is usually a subtle waste of
f uncti onal capger‘%ng‘%lbvn‘e dr}‘rt”ntcﬁgp%ﬁher fSt hﬁéEsFmoéJ%B%éﬁenﬁérb‘émse
they rarely "dier 1SaNE b I ds,. | single particle
speci es SOX adaﬁg%égag%?t emmgﬁgggfont krlbeés)'}e’&t%é\o%np%%%%f.glus %‘PF?QHEES whil e
the other conpofenthesttblshamsare cemiennigg usREUpdddhial Ll fEet. the
her ei ndescri bed conpositions and processes provide a nethod for ™using up"
any remai ni ng $Ref uPXELRRALI n @itadysef tHRBleles cothatent mighiker efore, a
maj or advantage of applicant's yultj - artist_cl e SOX additive systens relative
[

to single partTtHer adtfiti vE S Bq%%i r LABi | | SysEemtsxi nB2e usage
of each of th Lo aGt]me: onents a Y. addi tive system -14 1
March 2002 ( f‘agg%y@ﬁet h?%%@g%m oxiggét gbers‘gep%ﬁﬁcﬁﬁ%&d{ heS©03
absorbent conpenEiiiver egatdhesamd pevcébsysage g jve.tg.e ther in
any giver. industrial fagi lity. Thus, overall, usg@)g%;%ﬁgg theFa"%gés cri bed
conposi tions amk psd¢essSesSP| ovxdald ot CC e i tor c\Wirdd ey q];}pr ating
advant ages that are not attainable through use of single particle Species,
SOx additive $jifsdns. PFREIEladvARSGESS| n@dde 3t callemsd exbhil | tgo,in: (1)
conpensati ng fgr crac ing cat alﬂ%/ﬁ_t that do - oy do npt_ - have S03
absorption caf&5CrFAS PBROEGHET ot | Ag SFATi%l PRRT HCbBersRIDIRS ¢3)
preventing, a ef.f ively fficlie y contgqlling, upsets in the
operation of ggglggé% i rtf(;ﬁas r;éeﬂ flg%%t?t yérg%ldr%éli), r%8t:o ‘?’e‘?%ﬂlo'&ti l'izing
all of the acthyelyBgredeempsnehta ghFen apR¢addidiye gyshemundgy
ever-varying operating conditions. General Nature of Applicant's™ SOx

Addi tive Systaddifhwef isystavnpenphysdicaddnyt isspasatorenadl Qe qdsti tive
systemis a SP2 --> S03 oxidation catalyst conponent. This conponent can be

made and usedFAMt h&Sr n?Sf MRFBERRBFOI FATRA | e8f paladal s, SOunps,
etc. dependi [ ded ddeﬁ,pe T con aponent is a SO03
absor bent co%&ngﬁ’?‘.rbl tsif&g%)&(@én bgHma e alﬁdu’éé:ea “i n%ﬁggBSP 8t P2rticles,
pel lets, etc.adddisiviorsydeemsr paisels davishi atpaienit ditse] ogue) fde term

"particle (s)" should be taken to include those pellets used in
particles species wherein the first particle spacies

primarily carries out a S0, - SO, oxidation
function. The second particle species will
primarily carry out a SO, absorption function. The
second particle species may, however, also c'a.rry out
a SO, —» SO, oxidation function as well.

Applicants' sscond finding reveolves around ths
fact that certain ingredients are particularxly
effective in formulating each of the diffarent
particle species of applicant's overall S0y additive

system. Applicant's third finding is that some of



-15 1 March 2002 fixed bed and noving systens - as well as those snuller,

m crcspheroi dal particles used in :CC operations. In order to practice this
particul ar invention however, at |east one S0, absorbent conponent particle
species nust be used in, the formof physically separate ang,hSighpct
particles, pellets, etc. fromat Least one 3502 -> S03 oxidatlon catal yst

particle species, The,rel ati,ve proEor't' ons.,of the SO, -a S0, oxidation
catal yst conponehet o*Fg&E28d2n58s0r BEAT CcorBoneit a7 §aryatensi dezmt,y in

the practice of fhis.knvenfipn._  For ml e.a S0=. -~ S0, . oxidatior.

cat al yst corrponeﬁ%a"('\?\gi’ch%r%y cad'rfegrltgégjc};‘%e Sg‘%é‘oé‘ﬁecf:gﬁ ofTHer -azt g,
oxi dation parti ct€gdsdihgCagoconpadseive@n abiultD tsab 90 i.ght
percent of . applﬁ:ants' goveraII SOx additive system %i mBFtaelrdl y,%’éo,
absorbent conporegRringlyh +rayer| beéliese, yebnpnbse uwed OpENY¥] SPECiQS 0Z
SO, absor bent partiwcj e (s) ') ca:: constitute fromabout 10 to about 90
wei ght percent GPRWECAFEF( | VBUSGETBAFETRdSe t B0 cAddhbAVe capshenms.

or e xed and | PR ICHE T BeS\IT A AREY  745% TR bABioRs 4e8a) sRoul d

be noted that applipGaiisioed 80, SHAHY$incO ts.pay,.inhherently, have
sonme S0, absorbgnt capabicI)i ty and t hat qz;pplili cgﬁggso?ggbggfﬁen?agﬁﬁponents

may i nherently Higelowwr&O= -> SO, oxidation catalyst ability.
Nonet hel ess, practice of this invention requires that at |east one of
appl i cants' particl e echeraimiafisy y dafqyibed | dnviedbich 29D2o0uiga SO~

oxi dati on funct%on ghlao and_at. | ealgt,one of er,, physically separate and
di stinct particPBSEfediRe 2RPMERILT FRECEHS L4FS0riidbnusaneh amstThi s
SO, absorption' ti : Q0| of; L he , absor bent
conponent. In s Ir‘rgagnﬁglg:l %ﬁéfﬁ% %K\%gtﬁ%ﬁfaor%‘%‘g’m%?%ep,eaf’ﬁ«iyséfpon
absor bent conposent shsteyriudepeayiideit Mhd Br0, fé‘rSQeagéhgattE%g:
catal yst so that the resulting material is capable of carrying a So

oxi dation functdbseaswidll e ahsgelimsddgn i ovedancfubby ThesS@2badS03

oxi dation conponent_ of ,the herei ndgscribed SOx_additive systens may itself

be conprised off$Wbtbr tHore FEDRAT afE2anP i ¥RFHRt Ofaihie| Engpediests For
exanple a Tirstyqls | 3 cfeddlashon cauakyvkComPapsnl could; piplpy ceria

as. its SOZ -~ S0, oxidation ingfedient while a second r dant

catal yst conpomgsyl erahoyshyasadeacgried SBat- theS@ £xd dantyipgsedi ent
The sanme is also true of applicants S03 absorbent conponent. For exanple, a
first SO, absodentheonpsgentf céPd afgidivescavbeum oxndelmdusatia um

al um nate SO, al’])-sor bent while a second SO, _.absorbent_ conponent enpl oys a

magnesi um oxi dB@+SHC aBBEFRERT CBWHORAME . rﬁt}d‘,tla‘(?%_slﬂﬁﬁeéioizn PheéiQy ecedi ng
B S0 D, SRR ol d ¢ araby S T stue Pt vt a
second" oxi dat kbaoegitalgstcaspapbrgninaa welvensse, SRadabs ¢ebanisearponent .
In such cases, the S0, absorbent wil| serve to pi'ck up SO, produced by the
separate and There also are situatlons where just the opposite is

true.

By way of example of the first situation, a FcC
operator may want a relatively large amount of SO5
oxidation capacity in those cases where the bulk,
hydrocarbon cracking catalyst being employed in the
FCC unit at a given time is itself also capable of
absorbing some of the S0, formed in the catalyst
regenerator unit. This ability follows from the

fact that some FCC, hydrocarbon cracking catalysts

are made with matrix materials (e.g., alumina and



-17 1 March 2002 distinct SO~ --~ SO, oxidation catalyst particle a as we |
| as the SO, produced by t he SO~ oxidant in the SO, absorbent particle
itself. Such SO, --~ SO oxidation catalysts and such SO absorbents can be
used in association with the same kind of, or with differenjs$uiport
materials. Applicants also have found thattOtheir oxidation catalyst
conponent (s) and their SOX absorbent conponents) are preferably used in
adm xture with maghestizer thag vppdsctbIorheiSAy Bsedvelhuad igbbysthat is
to say by locati ng a zone where the S03 ggsor ption takes place "down
stream’ from a URFFESFCTFORE whdlE"§hed 5p~ - 20503 &Xisat i Bydrakeshamce.

And as a final t he .general : Df L hg, bereindescri bed SOx additive
systens) appl i cgg%gkg&gu:&g“%dtt}% t Fat Jh““ce)'?:?é S%édﬁl‘?i \%’&Fyg‘?%%l@aﬁn@e used
Wth a very w devyaaiety oftdieocahent igacki ng gat al yg Al the_ very

| east, such hydrocarbon cracking calt%h;l ysts woul d ?nél udegéﬁiét&fathﬁg
natural or syntdktminaryastal ldfteral erplesfdd cde zeel | n@% Hi6e- formin

faujastise zeolites of the X and Y tygg% comonly used for such purpgses,
as wel | as var iRAEeBRdEPhIEEGett] SfdesVaFdoyy. | zemdriftmupaatuid has

havi ng hydrocarhon cracking, acti.vi.ties. Tho skilled in this art will

appreci ate t hat® ﬁyﬁbc%‘?ﬁ%ﬂy%?a&% H‘&nt{atbé’lﬁg%t Is}:/ RRAPOR IGFaBHATtut e a

maj or portion dr ocar cr i c Y addi_ti_ve .m xtures
PRV oCouhy O RBS S AL et i

used in industrial Ities such as FCC uni .
applicants' SO¢aadditatves \Hdwevenprizeme omadd r mﬁboqﬁa@rht_%%ﬁgg 10.0
g

wei ght -zs 1 March 2002 pe: ce nt. of ssch ?:ydrocarbon crackir_

cat al ysts/ SOx B@iemiad avi tthates hagte -Litole Odxlatian 2y al absotbipRnent s
Applicants' -S02 ~_ S03 oxidation catal yst conponent is conprised of at | east
two general ki ﬁH%l&ftyl'ngr edients. The first of these two general kinds of

ingredients is a su di.qxi I dati.qn yst_ingredient that is
i nherently capabl e L&ifhlﬁ(r)sﬁ di zi%g?%%: gt'a"oeé'o,&?%llaéan%e \%P‘g&h ~3hdFe°fhe S0,
is creat ed_. Mogtapkaher aaltylistt Soéihg'émﬁﬂoy@aciﬁlahw@d‘c_ﬁ?ﬁyﬁa%ﬁgr edi ent
will conprise: (1) a netal selected fromthe group consisting of ose

met al s havi ng Basatbei eddegdbabidfity Yeaz®sooh 30get hef rore £Z PLpsoLB and

11B of the Perig&i,c,Tabl e, a tal fromGoups Il to VIIl of the Péeriodic
Tabl e, and/or ¥ éFévéaFﬁ’ﬁtﬁE‘tnglw =S4 i%ﬁﬁ"& TapFEeny shawld neeal s,

L, IR B PR IR LD N,

tungsten, copp chromum ranganese, .
urani umare pr&fersddatidn ehcteas; eembuReard vanadiym i‘égsl:h%r{E)S}1

preferred - and ‘especially when they are used in conjunction wth €eac
ot her - but n@0jecebsarbenti n ddmporemt par shobddspemmesain  enough
sulfur oxidant to produce all the SO, that the total
catalyst system can absorb - taking into
consideration the fact that a given FCC hydrocarbon
cracking catalyst may itself have the ability to
absorb some of the 8S03 produced by the sulfur
oxidant catalyst. In other words, in those cases
where a given FCC hydrocarbon-cracking catalyst also
has the ability to absorb S03, the FCC operator
would prefer a mixture of SO; oxidant and 50;
absorbent that is relatively "rich" in the oxidant
component of the SOy additive system.
On the other hand, in thoss cases where the

hydrocarbon cracking catalyst matrix has little or




.These netals may be enployed in their "free" or unconpounded netallic forns
(e. g., netallic platinum as well as in chemcally conpounded fornms (e.
g., inthe formof their oxides) in applicants' end products. Thus the term

“metal”,. for the -19 1 March 2002 purposes of this paten,chAi,c%céd&ure
shoul d be taken to nean chemi cally conpounded netals as we as
unconpounded el enental netals. It also should be noted that when these
metals are firstnd nSo%(glmbipsﬁimt heajuetliregctiDi: systnsnysad jJi. oaki ng
t he herei ndescri bed SOx additives, they may be i various salt forns) e.g.)
their oxides, niS0ates, Sageatidantants caebdedt dseyordded- | 55 CHASS LASES,
the salt fornms of these netals are generally preferred over their

el ement al , net alf9 cPFefHEeat i a2 PPRICI Rdr eBPanttdaftor agpphildant saB0be > SO

catal ysts. For exampl.e -the preferred farns.of ceriumin applicants' wet
reaction systeng %bcée4|gy %&ﬂi Lﬁé%fc%?% B 18Er ORI RE e CEndFERer S0

car bonat e. I\/breg_\ﬁgr-,tiﬁfsl_ggs*@&%_sa&hefgﬁw.gsaagg?%%&g Q‘SS tsgxotm;he

wet reaction systens 0 create the herel ndescri

in turn, be pre\iadeley, priepar &d lanndEcofphibhg thedd WHd 0dg -0t heg salt
fornms such as cerium acetate, ceriumnitrate, or cerium carbonate. '
Simlarly, the norwighsteadddid obte ofesahidogem ¢ appéi chors' fkegat al yst
conponents wi |l include vanggi um oxi de aEd/ or .t he deconposition products
of various vanaBPRREEELRY shPR aRCFRLEELLFYanftbni ¥FiTdnaBaPazateyaii um

oxal ate. Next, if.sbguldbe {ﬁ%%ﬁé&a&lfipe Sé"lag.ilgﬁtlieon §6§>F<)i %.féiqti,r%vé%i ent s

her ei ndescri bed processes w serve to “converf any nor~-<

(e. g., ceriumgagetans, £e4i UdMilated oedi WRALardRmRt & ¢ ete. )Slg%fi% in the

wet reaction systens into their oxide Fornms (e. g.) cerium acetate,

nitrate, carbonpdericld Mpiechie200ha0centains Ibdieh cemeerd®yd Lo ggyj um

oxide). That is to say that a conponent of a SO~ catalyst or absorbént of

this patent di sstistare cempgneng blfder. c6@Fdfentyanadibe nene. ¥ r anda
reaction system but

non- oxi de formqf the tal ,that is used in the "wet"
i's subsequentlfq??onv C{Bgd tad"sffs%%&skdat iCFRSIRE et n{a?ai;'by t HEUBANAi nat i on

step of appli cqr[g%' ce I al sers ﬂ__pul d, n h ese, SO= -~ S0,
oxi dizing netals ey ée)' azezto%i )at ed \?ﬁ th 't he I'E%}ldceﬁrﬁi)jny§ p?%%%%g ?h%%ﬁn t he
reaction m xt upetdlding o4 haddit bradeystoegsedi€ntie @pdedorByshesade by

i npregnating solutions containing ions of these nmetals into a dried form of
appl i cants' SOf@ -adgomapg dakidAnEat AR ARHSHEHGTFat &6i dmharenkled forns

of their S0, at%%%re%gnt mt@ér‘z@eé&egyf&)”sﬁ.r};or cter]r acz)i(rlxdargpserations,

addition of more SO0; — S03 catalyst will rwaste"
some of the S03 absorbent capacity of any S0,
additive that is introduced into the unit in the
form of a single particle species.

Conversely, a need for relatively more S04
absorbent occurs when a SOy additive is provided to
a FCC unit that is being used in a mode of operation
known as "partial burn." In this mode of operation,
the combustion air admitted to the FCC regenerator
unit is purposely limited so that there only will be
a small excess of oxygen in the flue gas. This is
done in order to limit undesired combustion of
carbon monoxide to carbon dioxide. Thus, in this

mode of operation, a FCC operator would prafer to



.The second general kind of ingredient in applicants' S02 -~ S03 oxi dant
catal yst conponent is a binder (or support? material far the SO~ -~ SO,

oxi dation catal yst ingredient. For the purposes of this patent disclosure
the terns "binder"” and "support” should be regarded as bei,pgl ?ﬁ%ﬂno\ﬁil ent.
Such bi nder or support materials preferably-are made from metal ‘oxide

i ngredients selected fromthe group consisting of cal cium alum nate,

al um num si | i cateys magrediam e Lyn damgeral amdwah oid anaserkbatnc fndazat e,

al um num zirconate, magnesia, alumna (Al zQ _) , .alum num hydroxide
conpounds, al urd kAL bY nSAg a8l a8Hde cOhpliidtot herTRagN id ufibna 1
March 2002 -21 (. Al =0, ) al um num hyd kde conpounds ) ,,zirconja ,
titania,sili ca,saé’ast'g?é'ési Eée v%??6&§°§/a{“/’§§?~§nd§sg38ra| E? kabPEh cFa§) |

and/ or cl ay/ phosaqtjﬁt_emaé, £erl Heh Aadt; &n ) 90, 902and
5, 288, 739( hencé€, thet ea‘chél%ééb?t rs\g’:ettﬁ%at entJéé aéjrelﬁgr e%;o%[?:gorflpo?p%t ed
byr ef er encei nt ¢d ichhatend el Setoddpedidd itd tatlfums t eioRuEROMIT Hge t he
Oxi dants The second and third aspects of this invention. revolve round

appl i cants' futtiege fahed n§eitigat eNQUERIEC t CRYEEEL iRt yoms aonoacide

herei ndescribed nmultiparticle SOx addjtive.systens, the oxidant support
materials and &8, Pefo ial grbf tgbﬁl Gt s %O LRl PP@EAHRH ens

must be made vw'{l%g:;lsar 98, Egﬁ&po&‘ QNS 955?‘? RN ”Wo%é al gxiggggnot. made

with certain o | ess undesired nmateritals, or, at the very st,lsoe made

with relativel ynhbtbhe19f thejsddesiveate medely al s. 'gn_qp%éi Mphakhiens and/ or
prohibitions in fornulafing applicants' nultiparticle, SOY additive systens
forma part ofspheiesersd) malditivef ihi evealebtlicon betamseqtbrtly,
hereinafter identified "l ow concentration”, or 'prohibited", ingredients
are presently BBed"sXFuadr geXpEBPGT tFORRODERE f OfmA afilAgle vPaBt datirety of

found that ¢ he> Gt DTGP ul Hat ( AS0 “5° e R TG P8 pBPR e ot fal s
for their oxi d@éégﬂtgghaLyghdéw_ledi@WMEhBé”_deBQFin@be%tJi tyg ejany nore
t han about 10 weight percent of the overall oxidation catalyst conponent.
--22 FCC operators also experience many "upset™
conditions. Not the least of these are those caused
by changes in the sulfur concentration in
feedstocks. Such upsets often require that changes
be quickly made in either the concentration of the
S0, oxidant or the concentration of the absorbent.
Consequently, most operators usually respond to such
upsat conditions by immediately addressing the most
pressing upset condition existing at the moment -
regardless of waste of "unused" component oxidant,
or waste of T"unused" absorbent, that may be
contained in a single particle SO, additiva system.
Indeed, many such ﬁpsets could be prevented if the
plant operator had a multi-particle SO, additive
system at his command.
Applicants also have found that there are even

morsa subtle considerations that can be addressed

through independent addition of either the S0; —



.1 March 2002 More preferably, applicants' oxidation catalyst conponents
wll contain no alumna (Al4, ) whatsoever This stands in sharp contrast to
the fact that many single particle species, SOx additives are often
comprised of from50 to 95% alumna (AlzQ) . Simlarly, apﬁ;air o have
found that the amount of al um num hydroxi de3zeonpounds (as the term

"al um num hydr oxi de" is defined in the next paragraph) should not
constitute any néeg tdrabdaboutak@lwesitghtopertdent SO tdies@xkdatki on @g{e yst
conmponent of the SOx_additive systenms of this patent disclosure. An ere
again, it is eveheHER¥Spr éFOMFEd £Rat 894G Admaiydroki deheonpriiadnt
what soever be used in QE&QI [ fnts' Xi dg&i. gn cat @Igst conponents. This too,
stands in shar pcontPaaEsti i%Gh $B¢t ARCH 5V e B TRy L @HLYE By dE BRI de

conmpounds are |ikew $¢,Usedd er Yo 4 by C ntrq_.-ti LA Many_ si.ng a
particle, SOX additi \E}ég. %ggeteﬁae;ﬁ as %gﬁ%ye ?gr £he %?pggés %%l_s‘qqﬁ%"%at ent

di scl osure, the d¢@fiporghuni num kshed dendaspetiad( @p"eﬁi‘@ﬂbﬂsb%ut:l"ﬁkeé]st 0
mean al um num hydroxide in any of its many phase forms. For exanple an

al uni num hydr oxiRRt 2o heyhf crarkdng:t tdent ay® and preserstipaknbaund,pp page
9, ACS Monograph 184, Industri al um na Chemicals, Msra Chanakya, 1986
which is incor p(?rﬁ}it %Eclﬁ"agég'é(r é‘rﬁ?g%le"?%, tgﬁoddssqﬁfb& L g e #n edltlv@mum

hydr oxi de can h r Baning.th i ngl s_nmany different
phase forms of %\tget aoc%%%ﬁ%%g @%ﬁpgﬁgﬂnﬁ e?s"t ﬁ?‘? %é’fse%rd%e%%' tp%?ﬁ?@“@i}tt't hat
there are "crysid ld n@ivenl SU?V AR, = 28nf ar @ vl #Abnym hydr o%j,L t hat

include a first group of crysfalline trihydroxides Al (OH), whose iEnbers

are gibbsite, bagertoe say tbhatstdependéngThis cluadsi flacsiden disageam al so
shows a second group ("Oxide-Hyd=a:tides AzOOH') of crystalline, alumnium
hydr oxi des conpRASEF S hdifniiae TP UF RPbie. PAAGERSE defthatmradut

hydr RSE§< P ol RpERE. DaRBERSE Sephatmrabit
Found i n anot hePeBRAncRIARUCRE (388 di'khr MM 2he FERRRRGS: o at®nous”

- which is dist§ hSRAE iffaGm t he1e' GOLSIRid e e wal m hydr oxi de
not ed above. Th%ﬂggflat&i%ngﬁsﬁgqr oup isd(?grrpridsieflc O%Q%seﬁgfgboggrgc{% and~ X- Ray
i ndi fferent al usdgyunabgdrbende (obi chice-sksgaoftenTheferretht @ aF0y,

"anor phous al um n@%%., In any case, al|l of these_ materials should be

consi dered as "¥&htAUm SHFEEAX ICRIRIGRRAINGE sPrlo t9dngleppessiafia hi s

pat ent discl osu t hei ratiQns i he oxidation catal yst,
conponent s of t#%gggfegg‘laéi g§ﬁ§§§lﬁg éﬁggﬁ & %ootx boégjr%?'gl?ﬁaﬁoé‘BBGanp% by
wei ght of sai d £xd dat igm.,. cabab¥skneoraeitienBet t@la et 1 st NESE; PRy eLi al s
shoul d not be used at aIl in applicants' SO~ -~ S03 oxidation catalyst
conponents . Agaihtle hesster ohf bEthohdomad |¢apaaibynsofar enguide wnexpect ed

since alumna (~..1=03) a..A". ny of these al unina hydroxi de conpounds
have been wi deldFaR%ed f nt@%ﬁ/nﬁé%gé:%%%‘r%ﬁng,eqq? nyFA84 oFaBely single

AR el e I R R

for use in apppacaricle spichBsciso200iditive system, one of these
two components usuvally dies while the other
component still has some remaining "useful 1lifer,.
In effect, the hereindescribed compositions and
processes provide a method <for “"using wup" any
remaining useful life in either of these two
components. Therefore, a major advantage of
applicant's multi-particle SOy additive systems -
relative to single particle SOy additive systems -
is their ability to maximize usage of each of the

two main active components of an S0y additive system



.oxi dation catal yst conponents, in proportions |larger than 10 wei ght
percent, would include conpounds wherein alumnumis chemcally reacted
with elenments, or groups of elenents, other than the oxygen of alum na
{AI'=0,) or the (OH)" groups found in the alum num hydroxi deygp ds noted
in the precedi ng paragraph. Exanpl es of slc.jigh al um nunctont al ni ng conmpounds
(that are not alum na or al um num hydroxi des) woul d include al um num

silicate, alumnum_tit e~ al um irconate S] um pate.
Such al umi nun- cggf Si'ni ﬁéﬁogfr%%uﬁs%wné]yz%%ns Tt u?gagf]%o%#@ﬁk& a"g%ht 99
percent of appl j53RtBen®verahbod:dat | oraephal s s caponent . e, Oggfer
materials suitable for use as support materials in applicants' oxi I on
catal yst conponeslatfee gtp nagresi ather cdm aanyt amiwensi Lhdastrial

bast naesite, kaolin_clay and/or clayphosphate materials, etc.) may |ikew se
constitute fromka®dbit®-to about 99 wei ght percent of the oxidation

cat al yst comnponents this pate di s¢l_qQsur a final note with respect
to those ot her nater?%??’sui&aeoq%i}br ﬁ‘s?% asoefsuﬁgg?t R R eSFhioede

oxi dation cat al 88t 20fq appbkeants’ SO iafldi fiue pyst L. LS
preferred that Z e%&tQEEQ?)XIng.“ oflﬁcat al yst |pngr eldi en%bigs a plﬁgﬂéﬁ“ﬁ?gr oup
metal , then theyisgtipporfanyat evpakratimg d edvhataged at ittelty | hkkl € @£ no

silica (e. g., no nore than about 10 weight percent of the oxidation
catal yst conpormérftinablesthrowg husg0 X Hreisgred. pahbielekiddeartias), this

art ' Sri 11 asr%grecia‘tﬁ,r .that the materi al corrrmnlé referred to as
"hydroCal ci te" Stas &< ’gr’réfﬁ uRYA thTat e MR OXy SaVBoHEAGE St AFGinde wi t h
the classical f My : < S : 4HO. is | s described in
| CDD (I nternat igg'{léa%‘e%:ent g@g 6%%%%’# a(c:%bn Dat(-zg) Ca%%hgéFkgg 0 as
"magnesi um al Ugi-Rn GaF beRake yaydr exide duydr atef hudr oi@ék cit ep sy dhegehi ef
differentiating characteristics of materials possessing this hydrotdalcite
structure incl abecdE ion queaxabay igilefsnact(i2on. qritteehliegi chedtiall CDD

Card Number 22-0700 as well as the majerial’'s ability to experience an
endot her i ¢ r eR¥&EFon RPHREECREE- 4508 Thi RIFESEEEHT cor rasPondFOLe t he

| oss of bath the- I, ( er _@fz. tyi, 0N qd .. Jhi s _structural
change is hOV\BSéFgrEIet\\I/{g‘{egllybl \ég?ltdmg(r%izﬁ%&%r%tl%n%giﬁéggg}ngob@s?%ﬁc, Lfur t her
reacti on with pabeppeiddtiGHISEE tAi gibpdr ohdheittd a3t rfd L1 £ § Oafigappear, as
can be verified by Subsequent :c-ray diffraction tests, and the resul'ting
material wll mgaen stowphateabilitytidiadssrgrlls cifaratheri sactive

endot herm ¢ reaction., next, it shoul d be _noted hh t, strictly speaking, the
above st at ementBIABALES hiBr of al H YT hiPmgREfte tdlsy eSKEEER YrdaFcal
formula. It is 0 : thab s S in the processing

condi tions (coer?p?%gi Ef%'%ﬁr,ﬁgz% er at usr?%? %?ggggggaghum dity, etc.) used to
make catalytic materials containing hydrotalcite also can result in
production of materials having non-stoichionetric hydrotalcite structures
and whi ch posseganXr note 2002Appilicans ' whiSO) Adffied vhbr Swsthkage gi ver
in ICDOD Card :unber 22-C700. Such hydrotalcite-]jke mat'eri als will include
(but not be |initedTh8) dEss FREAESFHM &’I‘urﬁﬂﬁiﬁ%ﬂ?ﬁxi g¥ecaitaiSing
conpounds, e.q. nesi um.al um. num hydr oxi de ~hydr L CDD Car .
35-09a'5) , na%qw%gggﬁ?alsmﬁtrﬁ%nhgdraat%g%l C_:ngeé‘r é-ﬁ%&aéégpzf%%aiy}!%
magnesi um al urg S Y AEOX1 Gen 11y dEdh dnle@leD dad dnl) %aé’é-é’:?@‘lhseé' tifhﬁugh an
exact match nmay not al ways be made XRD, such structures can be further
surmi sed enpirileal | foby rafini mjorosmhsreidal (pargicldisf,f epellietls,scanni ng
calorinmetry (DSC) and thernmogravinetric anal XSi s (TGA) ) on a_give.".

sanpl e. This imRSed Qifon ERESAINT hdPFhet bEndtheeBRederand nUs6mponent s

(e. g., carbonate and/or t heshy i te-Like structures

wi |l have a cg‘rﬂ'f%i ﬁegﬁgﬁgy%%ﬁé%ttgsﬁ?gws?ﬁ %rebg%o%gcé:éég %Pegﬁflﬁﬁlﬂt‘he bonds
and a subsequeft absQrpEign Bk healde AlER age@anyhngegdchepegct hens is a
| oss in mass of the sanple. TGA can neasure such | osses while DSC

procedur es capantebsles, bpehlehe t ypec of Fhusti demaslvel purnsosée béat

absor bed or evol ved. , .
this patent disclosure, the term ‘“particle(s)"

should be taken to include those pellats used in



.Next it should be noted that since the ability of such hydrotalcite-Iike
materials to absorb SOx is not particularly dependent on their conpositions
strictly adhering to the previously noted classical formula for

hydrotal cite, many other nonstoichionmetric conpositions of P%drhgéo%l cite and
hydrotal cite-1i ke conposition also can bejsed in the pr a01 E 12hi S
.invention. Preferably, all of these conpositions should contain OH water
and/ or - 2 8 -fixavhr Oed2082dcandairad e Syrsddied I -NDL gCU, By star#c&%r es.
Consequent | y, co%sﬁi tions possessing such hydrotal ci e TTke 3 r bCRSFEs may
be enpl oyed for Sie-1f%act | BeCEESPARSOLARSNt i maw & Srbes " husdot af gi t gldke"
materials woul d paglude,  but hy no Hegns be linted to, Mannaseite and
Indigirite. ThoSe SKiT1EH i n thi sCAFETald RFRC 4SS ebhise paetitherat ure
al so frequentlyjinekek O SpGePREeri ghs jonic clay njnerals,” although
they may be synt hetEiggi'loltr‘; pr oduf:r%él'. I% an?nécé;%e, PHose Sthi orftRSethent

m neral s that coomponemag st lancspe ik sumysar Leulkarly preferred
for the practice_of this ir%jenti on. Thus) fgi}‘st%h?egﬁ'%éocgeéno ¥1t'E’nigo"H&tent
di sclosure, app?#caRbysigedlof t9mpamaie” hypdcot alinid #icshowld e, taken to
i ncl ude not onl drotalcite forms having the above-noted classical’
formul a, but a|%%{%‘d$0t5';€i'térpmkétstlﬁﬁﬁml’@se0$O@n'i-*)n‘3©3Cb§1d§ttl’ilé(ht ures

such as those Sejle Indigirite. Next it should be again noted
that applicant g'j élg r&g%éoé%é%?gg%rf%ﬁgﬁf*?al so may be provided with their
own SO- -~ S0, oxidagdpn R Lent(sl. y of exanple only,
one or nore of the ?arét)i c{%%p%% eﬁé&ﬁgéésupo%pgﬁéanﬁga SO0 alssqr bent
conponent s mayoxidstdOptiaalyard Aohpankagui s - <he provided with SO~
-~ S0, catalysts sel ected fromyt he group consi stimr%l"gzteof S er iR °% ®i um

pl ati num pal | @@mpepenttodtam varydiamms idd yaisiepuin IHHSHeR - £ GRRPES &

chrom um nickel, manganese, cobalt, iron, ytterbium and uranium T these
possi bl e SO: ~EB®BS GHAVRLRG M cat Bpystassample 22950, 1-Mase) 2002 anadi a has

proven to be a Leularly effective, SO= oxidation catalyst int e cont ext
of adding a Sogggé?'gggt Ctoé‘}lpaﬁfpﬁq‘caﬁ‘t’%lcgg,maé'bs%?%@ﬁi—séommear(m)orelt al so

shoul d be not L s passihg at _wh va La ks used in a SO, absorbent
conponent , ite'?“oséﬂ%gﬁl yégre%de}rr?d '?kal)at ?%gaéﬁf'oﬁbs%?EEﬁFlél(ﬁ)havena

magnesi‘a conparefirise Wekbm ABplLECaDt &chawe fround } presence of
magnesia in their SO, absorbent conponents) serves E{}g&%é g‘éﬁf‘?ﬁeogescape"
of the vanadi #P&lcianies Sopvabadibsany, addadivbesgly epr.evesihpa-ygnadi a
poi soni ng" of t&zee E&dro%arb n cracking catal yst with which these SOX

addi tives are “tSed®AndPEFRHEE t RATRRIERN t KWBhBh chays' SrewisSD,

oxi dation cat aby$h-jcPanent s, ..t , :hent starfjing ingredi ent
nmetal s) can be i A otheir ox de?raz‘g?gge, g%?gl%%e, <l dst}éide,aq,%ﬂ'm e,
formate, etc.photdelwhen) )t heyn arenbtistutat £ o6 CaEqkRt O 4 hgovv%t&)or action
systens enpl oged tqQ formul ate these SOX absorbent conponents. "Agalh) the
netal salt foffsWeREItaReTaeRt Qfi ttdin cadditiveasyageapp! rtastes'twS0,
absorbent co s.are prefterably selected fromthe group consisting of
cal ci um al umnﬁgﬁg,ghﬁﬁgrsotcanc{bf%e,sel'?éfra%e;‘c%iJttég"f? RCRNPpBEACS, géaeai um

oxi de, al um nitdQXtdealmegaesi oxigte eapq espgcivl |y Jts periclase
phase), nagnesi um acetate, rragﬂferjél um ni tra?’e, rragr%si ér%e%ﬁ’%‘{ déf‘dmagnesi um
hydr oxi de, negHeseduredr bonat enchagnésiaimifoy ned @) oeness Um al uni nat es,
hydrous magnesiumgsilicates (e. g., talc), magnesiumcalciumsilicates (e.
g., dolonite), and-taftf@mséPridabe @oted that applicants' so, —»

SO, catalyst components may inherently have some S0,
absorbent capability and that applicants’ S0,
absorbent components may inherently have sorﬁe S0, —
§0, oxidation catalyst ability. Nonetheless,
practice of this invention requires that at leagt

one of applicants' particle species primarily carry



- 30- 1 March 2002 wol lastorite) . He=a again ho-never, applicants
calcination step will usually convert any of the non-o:cide netal forns of
these salts to their netal oxide fornms . Supports for SO~ Asorbent

I ngredients Applicants' SQ absorbent ingredients are prefFM%péryZ ed in
conjunction with a support naterial selected fromthe group conststing of
cal ci um al um nate, al um num nitrohydrate, al uni ni um chli or ohydr at e,

magnesi a, mhc«%é@ 950, 5bli; GaRGY aEihBg; 6RMIAYRDS {08 het tl@aa%é' Lga).
alum na (A1=0,), trtanra Zirconia, various clays and/ or clay-phosphafe
materials (and espectal Ipn:tdiosel Woseaphvapbatengoudtetiinghosphari €1 aci d
or dibasic . ammoni um phosphate e.g., those produced by the néthods taught
in U S Patents spd@=902candi®s?88UE39%12 A§AIan, abAerptdsencd vafc tiemmesi a
in the SO, absorbent is highly preferred when said absorbent also has_a

vanadi a conponetis §he 29508 D53 o ICRERE, MRY $ Roltifte 'l')‘énﬁlft 84 tvhaAL for
e PurPoses of ot FAeElhalent WhlhSanlhe oM Sl SGrpSROHLE RS JaKen

to mean silicon in any o vari ous phas

contrast with t helerRyeld g )napeleantyel BCRNdsklaindde L8hBbnent
silicon-containing conmpounds (other than silica)" should be takén to nean a

conpound wher ei g1&qt hrh&? darepgoanaledetdatk of smtions su)d exvaen ibn
formed Wiich consists of silica tetrahedra and at |east one other
nor.-silicon coohaadiysg osd dehabnpdtenresultigg- metvertal2062 E&apaples of

such silicon-contai ni ng conpounds falling,under applicants use_o. this term
woul d i ncl ude cﬁﬁci%ﬁ@%q%aﬁe,s%gﬂ’éégﬁﬁfg?l %&’é‘[ﬁ'&%d"’é VR L&t BT @

al um nium si | i Cgéefaeé"é‘cgrp@%%efuﬁgvé‘i% variety of clay materials that

contain silicates? IThTTe, Serpentine, pyrophyllite, talc)

smectite montnorill opite, s¥gT m'_pulé@;, bkiii€iofll CAombdddde MEa)ghlorite

and pal ygorskite)
hereindescribed SO, additive systems may itself be
comprised of two or more separate and distinct
particle species. For example a £first S0,— 80,
oxidation catalyst component could employ ceria as.
its 50, — S0, oxidation ingredient while a second
S0, — S0, oxidant catalyst component employs vanadia
as its S0, —» SO, oxidant ingredient. The same is
also true of applicants' S03 absorbent component.
For example, a first SO, absorbent componesnt could
employ a calcium oxide or calcium aluminate SO,
absorbent while a second SO, absorbent component
employs a magnesium oxide SO, absorbent component.
And, as was noted in the preceding paragraph, at
least one SO, absorbent catalyst species can be
provided with an S0, — S0 oxidation catalyst and
thereby simultaneously serve as a "second" oxidation
catalyst component as well as a S0, absorbent
component. In such cases, the S0, absorbent will

serve to pick up SO, prcduced by the separate and



.-Additional Findings-re Supports =off S01 Absorbent I|ngredients Applicants
have found that in the case of silica (Si0O-) , no nore than about 10 wei ght
percent of it should be used in any one particle species of applicants' SO
absorbent conponent. It is ever. nore preferred that no si”x}%gc (%09:)

what soever be so enpl oyed. Applicants hawg-al so found that aolin clay
is used in their S0, absorbent conmponents, it too should be used in
sonewhat limte Lii , _8ppddyC v8nf e ~exanpl et hat
contrary to thed?géé?ﬂ?ﬁét %rrrbsénfasﬁ%’l ?%g???clgg spec?jé‘ggsox ad%?ct:i'\g/esa ave
kaol i n concent r ajd INSaBp the Mo pesredtcedabli rershogbd motideonst ihutweydror e

t han about SO wei ght percent of any given particle species of applicants'
S0, absorbent c@Efordstorbamtd Harbiick -9t preferred that no nore about

30a of it be used in any given SO, absorbent conponent particle. Applicants
al so woul d note that,S4&% 3I%e PusPosBELER LARS GRS F s8Rds Feh t3@ term

kaol in clay" should he taken to hqse : CORRQS -.3 2 -1 March
2002 of |ayers ssqubqeifétsan%larél Bfgnpﬁge?hg'e sé%vﬁée/(?leigﬁgpﬁe%gﬁq o-B¢ SPAMEca
sheet to al um ng;sheetodi Ves rigech0 @ifdfdredt MOr Biinpor¥ 0= shegt s kaolin
clay unit wherein the tips of the silica tetrahedra project into an
hydroxyl plane gpplicamiser iadlscs tatvazh e foainds hedta tandt lreeint aceeidawishi rds
of the hydroxyl 1ons (bearing in mnd that the alum na sheet in such clays
has an upper andagalywdr pFamBOBBRR (Ednsiddd ngtdrR IR dr 6%y iarecbeemken
which is a plane of Al'' iqgns, that ar tahedral l.y coordipated tp the
hydr oxyl groups??mﬂgnf"lﬁ‘s(sgef#'ﬂ?t Pgﬁ%§g§'a%ﬁyam§ge§pd1¥? c %ﬂé‘{gﬁrﬁ‘i % ¥ ®ns
[ogar ai 19, kAol | BaBhe o) LALMCLLsNd d\hd fhd MkalieBqlupt A1 £ 2 has
been wi dely used, "i'n l"arge concentrations, 1n many prior “art, Single
particle, SOx agghti ves. tbhi sapdmyni Looatihyi tat izahg eghediengchle of
kaolin clay in applicants' SO, absorbent conponents al so stands in sharp
contrast to theabaotpthan kavikes caPld€auseddown | aggsepmdporffoms, an the

SO- -~ gp~ oxidation catalyst caonponent of applicants' SOx additive
systens. SilicodiffaraBherenshd iR R FReaphri CANSE3 eiddSbPBefRkes

conponents when jt is apart_ of vafj ounds,. ot her _t sjlica_and
kaol i n cl ay. Fé?iﬁﬁanp!éﬁ“@i??pgp%%%%#gygggpn ?%Zt$6r§$5¥£%£bn%§?uﬁﬁ
silicate, alunigwin ghlbcaligsceibeaosoll bdddtdveand/Hteni lsp?u_baa@@ate may
constitute up to about 40 weight percent of these support naterials for the
S0, absorbed . wAppldcawite atlsat pléfedr t $Q¢ aAdss iyeonsystegsougen obeat ons
that are chemcally conbined with a si)jcon conggnent of such non 1 March
2002 -33 use with a very wide variety of hydrocarbon

cracking catalysts. At the very least, such

hydrocarbon cracking catalysts would include any of

those natural or synthetic crystalline

aluminosilicate zeolites (e.g., faujasite zeolites

of the X and Y type) commonly used for such

purposes, as well as various amorphous metal oxides,

(e.g., amorphous alumina) having hydrocarbon

cracking activities. Those skilled in this art will

appreciate that a hydrocarbon cracking catalyst

component will constitute a major portion of those

hydrocarbon cracking catalyst/sO, additive mixtures

used in industrial facilities such as FCC units.

For the most part, applicants' SO, additives will

comprise only from about 0.5 to about 210.0 weight



.kaolin, silicon containing conpounds be present in excess of the
stoichionetric anount required to react with the silicon. And as a final
note on the subject of silicon-containing conpounds (other than kaolin?,
applicants have generally found that use of alum numsili cpmé%m? 0
applicants' SO, absorbents produces espechglly good results. I quurther
Fi ndings re: SO01 Absorbents Applicants have noted that, contrary to single
particle, SOx addiLLue Syst engpvhergi-py hedi dd mie j f
absorbents is aggl‘%bﬁe %‘é. %%WTHéepggf%er%berg E%Tfa(hgcrb]'so %.‘%&%%&@x
such single pargaigheiseXmicdiddases bei ng magnesi a and al um na) use of
applicants' nulti-particle SOX additive systens consi derably broadens
applicants' choice of the SO, absorbents to include many ot her materials
that were heretofore unacceptable for use in single particl
For exanpl e oxides of 3the-#efal|dxicdabie aite 1@ Compandna
Periodic Tabl e have not been wi dely used in SOx additives, but serve nicely
as SOx absorbents i nARphitazhss' %92 absdr bR coMpbRaRion Angrtadysane is
al so true of various oxides of cerntain r rth tals e.g.,. cerium
beCHRpaaTAEA

re.
| ant hanum and prARRREAF uiT BRPPFESRES © o dhpal 237 bet8Rp &S | KHREK Wit h
respect to the rel qt| j of si,agl ey tigke Le X iflves
versus the nuf thL_ pgrﬁg%%c%%sgaddi ?F\%e §§gtsgms&%f tﬁlé;é‘p:%g% qaléljrg%‘r%jsjure
general |y showag ddat o FOSngid et 58, @bsalbBept siimeife GMdadidnto
three broad categories; those that are -34 1 March 2002 clearly
unsui tabl e a feaatslysn ECErediitanit t AbeS t hat Fdwrénmberaapahbaunts of
SO; and are very stable in such units, and thagse that absorb | arge amounts
of 50,, but ar &5GLi3H1Y RaftR P st n2hi GREHPERSR b dReRE rorefis
Ceneral 'y speaking, applicants found that. in ing sihgle_particle species
SO addi tives (%Sho%%ﬁ?ﬁg botoSer BRFaSTEE Hid é@?l%bs§§benf'% i 371 he
same particle) c:&'&%[&%.%r? J:%:Q@ggﬁr Ppeedi spen wiaLer £8hs Wil Mpdpr ate
absorption capabilities and go stability. In applicants’ mnmulti-particle

SOY additive sygtans,sdDyeyed, ddodashkeenrbopnetdwmtst brge &f ethagkances
where materials with high SO, absorption and |ow stability can be used to
great advant ageetRds dxanph®, atheakeddkt snerbappldfcants teagtes2¢ egardi ng

th | ati b tid biliti f b de f '
mgnes! um bascHeRate AT L BEhob PROTANE ¢ TABLESFAOMEnaeP A Sour ce
Dol omi te Mi0 (& ripde 4y PR-dMI0cEoBREONETEYPEo ) I (b T EnbyPeab@i¢ fourth

type ) Magnesi Um Acetate Magnesi um Nitrate Magnesi um Chl ori de Magnesi um
Hydr oxi de Magnesbus, Caidiot e a | agresi earEhr mettea Hy difot ahei tReriodic

Table. Of these metals, cerium, vanadium, platinum,

in

palladium, rhodium, iridium, molybdsnum, tungsten,
copper, chromium nickel, manganese, cobalt, iron,
ytterbium and uranium are preferred. And, of these,
cerium and vanadium are the most preferred - and
especially when they are used in conjunction with
each other - but not necessarily in the same
particle species.

Thaese metals may be employed in their "free" or
uncompeounded metallic forms (e.g., metallic
platinum) as well as in chemically compounded forms
(e.g., in the form of their oxides) in applicants’

end products. Thus the term “"metal", for the



JDti OLtts W78 110 147 Isz 142 74 |1 57 79 |44 105 Sonme of the nore

absor bent- magnesi um cont ai ni ng conpounds perforned very well in applicant s
50; ~ -35 1 March 2002 absorbent conponents even trough they do not
preformparticularly well in single part=cle SOX additives mp%ll ts al so
have found that magnesia .is particularly ,effective as a Sb, absor bent

I ngredient in their SOX absorbent corrponer%ts when t he nagnesi a i ngredient

i s obtained from&jﬁeégpé gec .osig'heg,,gf Lerdad ,ﬂ@gg@%ﬁ_%saﬂ);sté ch as
magnesi um acet ate, - agnesr um hydr oXy -acet at € and magnesi um T of mate. -

Addi tional Fi ndings magin Hahdanicad 1Agerichnydiedyd t hiayei or «j sadvant ages of
usi ng magnesia in applicants SO, absorbents is that particles that contain
| ar ge per cent ages:cafmgdurtidand, t elbeetnigal' sodtdléor ube mAsBCGamild belo

correct this deficiencg with respect to FCC fgplicatgqns (fluid-bed and
fi xed-bed system®t@e RBetaghahstiede tB2tRts @ik efAFStapprisaduseround

h f ,al | 1 N hardenj - d
advant age. | oRREPal iR Rban e FE T o EReL STCh it TEY apBA s

shoul d be powdepgd MalfldAihddat sare hagokubes,in ¢he,reagli opsl ugry used
to fornul ate thégrﬁg?gﬁﬁents for thé SO, absorbent conﬁonenf. Preferably,

powdered nateri ghgiviud Save Poins) ee .\ghosetheéragexildaspt eritmirdéess
than. about 2.5 microns. It is also preferred, that these hardening agents
not be chenical kyetadesi veanit FFMORIRT nghriR At s i rASSwEasemction

slurry into which they _ are introduced. Another desired_property of these
har deni ng agent §2fs 8% MFTHhhe? nt%ﬁ%ﬁ%t;ﬂ%ﬁ? ﬁso?%eSDge‘ Febe

ends, applicantﬁrggggrgqugver their elemental, metallic forms as
starting ingredients_ for applicants' 80, - SO,
catalysts. For example, the preferred forms of
cerium in applicants' wet reaction systems are
ceria, cerium acetate, cerium nitrate and cerium
carbonate. Moreover, some metal salt forms such as
a ceria component of the wet reaction systems used
to create the hereindescribed SO, additives may, in
turn, be previously prepared by decomposing their
various other salt forms such as cerium acetate,
cerium nitrate, or cerium carbonate. Similarly, the
more preferred forms of vanadium in applicants' SOy
catalyst components will include vanadium oxide,
and/or the decomposition products of various
vanadium salts such as those of ammonium vanadate or
vanadium oxalate. _

Next, it should be noted that the calcination
step of the hereindescribed processes will serve to
convert any non-oxide ingredients (e.g., cerium
acetate, cerium nitrate, cerium carbonate, etc.)
used in the we:- reaction systems into their oxide

forms (e.g., cerium acetate, nitrate, carbonate,



.- 36 - 1 March 2002 that sone particularly useful hardening agents for the
practice of this invention are various fornms of alum numsilicates,
magnesi um al um nat es, nagnesium silicate and magnesi um cal cium silicate.
Moreover, certain natural and synthetic clays, that are acth%ﬁ*ﬁﬂﬁ&king
catal ysts, also can be used to advantage gs hardeni ng agents i n ‘applicants'’
S01 absorbent conponents since they too contain active sites Chat are
capabl e of absorbing : Las.-Qfs Glavsused Wacigel Ni s Thegar Yyl d

i ncl ude hal | oys?‘fc'e) “(Jgg]f ob:%(ggp‘hfgc“t d'rdl te, nont rmtall I?ﬁ?te syn%ﬁe?sl\(/:\e
nDntnDriIHlﬂte%afegﬁgéigecdﬁgdﬂgﬁ@doseai@bLteawalyy&tbrtb@s@ﬁbémws|y
noted proportionilimtation (i.e., not mare than 50 wei ght percent of the
S0, .absorbent gprgwneniteknotiisclBepressedd n patlehederarembanpnige, a,
particularly preferred enbodi nent of agglngangs; SOX gzditive ystens wll.
conprise a SO~ can 3B wxddafrem GatFPyE< AEM Smd-B& BBEadbh<Stdent
conmponent .' wherein: (1), the S03 =_.50, [ i QN C, t i onmprj sed of
a netal sel ect &F f 6% hetWYro econ%"iegti ngégg%goﬁta %%/ﬁﬁhg g’rtll%a{rg'nél c
nunber of at |egsf t b n{EoRLE edpakHofidatei ferd pdigataklera1a et al
from Goup 11B™0 ster??g‘eﬁgtr}ir%d’?é:nTabl e, a netal fromGoups Il to VIIl of
the Periodic Taj} emndgL¢pies tant smt alf ofpphicRetsodipxrdabie; alt (b) a
bi nder sel ectedfromthe group of netal containing conpounds consisting of
cal ci um al umi naligo anoildinbsi hiot@de, trdtunt kr@e t FPanat e$0al el ddming
zirconate, zinc titanate, magnesia, alumn, | um pym.cont ai ni net al

oxi de conpoundmetaL§7mﬁmmb%haEQGE%%Q§%lﬂﬁng DxPaddsq Ry %£386ﬁga
titanic, silica, clay/phosphate ezl;ale and e ek Wi if

enpl oyed at al [FRefortthi "nBeﬁSFg%%hghggﬁbdt P%gagggﬁ?kgércen?ggﬁgﬁrnum
hydr oxi de and Q SR ageut s he Weight peerggde abymimbAfdTating and (2
) a S0, absorbgn &g%éﬁﬁih t hat igyphy§ically separate amjiﬁstinct from
the SO~ ~ SO, @yidaticen cabatyinicgnpdosat ehdtémgs i sesals ayngoreaal

oxi de selected fromthe group consisting of magnesia, alum na, calcium

al um nate, cal d@riedoxifdem hydff otappliean®§lr ofakci Te- 1$Re GFFRRESand, as
an optional ingredient, also, contains .a su§$ort mater j selgct§%$fron1the

|
group of netal CExRAFS e FREBIRA g TS FH i unY 2l At efﬁgﬁ'ﬁe?i‘a, thi na,
ilica, kaoli | ti i , / ph hat terial . d zi i
silica, kao In@ﬁp?%?/% é%%qlgfw,gkmalg.ay phosphate materia and zirconia

and, which, i contains no nore than about 10 weight"
percent silica and no nore than about 50 wei ght percent kaolin clay.

sunoorts for the Qxidants

The second general kind of ingredient in
applicants' SO0z — SO3 oxidation catalyst component
is a binder (or support) material for the S0, — SO,
oxidation catalyst ingredient. For the purposes of
this patent disclosure the terms "binder" and
nsupport" should be regarded as being equivalent.
Such binder or support materials preferably are made

from metal oxide ingredients szlected from the group

consisting of calcium alumirate, aluminum silicate,

magnesium aluminate, aluminum titanate, zine
titanate, aluminum zirconate, magnesia, alumina
(Al,0,), aluminum hydroxide compounds, aluminum-

containing metal oxide compounds (other than alumina



.-38 1 March 2002 FURTHER DETAI LED DESCRI PTI ONS OF THE | NVENTI ON Rel ati ve
Proportions of Ingredients The relative proportions of the various

ingredients in applicants' initial, "wet" reaction conpositions, wll not
equal the relative proportions of those ingredients in the Mgf ' 2002
postcal ci ned, end products (e. g., ‘in thaid crospheroidal par |c%e or

pellet forms in which applicants’ products are ultinmately made and then
used). This fol {mwes frem theuhaaunt hatdideides qaiotpmRetics BNd 26 IdA 1k,

vol atil e ingredi ents) that are used to create applicants' initial, wet,
reacti on conpodiittamrsa wi ISJ.ZbJecau rtbmﬂ@a%@hbi’:et eVyrdDM\sencdlfafrsduraaam
applicants' subsequent spra rylng and aIC|n|n? st eps. | ndeed, nmany of
t hese i ngredi e@®SPaG431kinde B haRdeYin t eid @Fem%a#Yfﬁéﬁﬁpmt@ a

result of applic nts cal cj iQ nesi um acet at e,

car bonat e, nltlmgt @t]‘cS i c?édl tei'pdsi{ €4c be c \r/mﬁ?tgdt aﬁﬁ&ﬁém um
oxi de as a resyl t gof gighe %%'dc' Batzla@,n 73%ep (Rknapp! | Eﬁ@t SteQURLAHs of

manuf act uri ng process. Thus, TABLE I'l' "bel ow gi ves the broad ra ges °%nd the
preferred concehesati cawd or plalmentesrl oasei ngweewilent sithatpoaydde by
applicants' post-calcined, "dry", end product SOx additives. It also should
be understood FREEIRBERY 1WA dHalS i FREDRF cRESCLBEHER ) t-han opt i onal

har deni ng agent ingredients that take the form of netal oxides) can be used
to enhance the manufacturing of either the SOZ ~ SO; oxidation 1 March

2002 -39 cat al op_ent of applicants’
SO~ additive ncl ude viscosity

agents, gas evol Ut'@Haag%(woﬁe%r?%oﬁlf&e!sﬁéﬁt‘és% &’q@g e dtual 1y

constitute fromabout 1 t wel ght percent of i vén
reaction m xt wevoleé tharpsaippaltanbene\farst st fdﬂﬁll@@@ tRgtedient s of
these latter kinds will be used to enhance the nmanufacturing process, but

will be conpl ezdgr di’-Pvérff(ﬁCftlbiﬁJaz{)pW%aﬁ’fles hesmsyndrgeppeddmad ti-

D appl i cant o Poste TRl Sor TR TRl ST RIS cf BFr Gt tene HBEPGRs

thereof are: TARBLEJ41s and so, absorbent materials of applicants’
S0, additive systems must be made with large
proportions of certain materials, and not made with
certain other less undesired materials, or, at the
very least, be made with relatively little of the
undesired materials. These limitations and/or
prohibitions in formulating applicants' multi-
particle, SOy additive systems form a part of the
overall novelty of this invention because the
hereinafter identified "low <concentration", or
"prohibited”, ingredients are presently used, in
large proportions, in formulating a wide variety of
"single particle species," SOy additives.
| For example, applicants have £found that the
amount of alumina (Al,0,) used in their suppoxt
materials for their oxidation catalyst ingredients
should not constitute any more than about 10 weight

percent of the ovarall oxidation catalyst component.



.~~ Additive Systens SO -~ SO, Oxidationw . v W . % Catal yst Conponent
Range Preferred SOZ -~ SO, oxidant 5 to 95 3 0 H nder nmaterial 5 to 95
Total Z00% 100% SO, Absorbent conponent SO, absorbent 5 to 100 60 SO,
Support 5 to 100 30 Optional Hardening Agent Ingredient (s)yg(ﬁg% 8
Optional SQZ -~ SO, Oxidation Catalyst Ingfadient 0 to 5 To ar 100% | 00%
40

More preferably, applicants' oxidation catalyst

ccmponents will contain no alumina (A1,0,)
wha-soever. This stands irn sharp contrast to the
fact that many single particle species, SO,

additives are often comprised of from 50 to 95%

alumina (AL,0;). Similarly, applicants have found
that the amount of aluminum hydroxide compounds (as
the term "aluminum hydroxide" is defined in the next
paragraph) should not constitute any more than about
10 weight ©percent of the oxidation catalyst
component of the SO, additive systems of this patent

digsclosure. And here again, it 1s even more

praferred that no aluminum hydroxide compound

whatsoever be used in applicants' oxidation catalyst

components. This too, stands in  sharp

contradistinction to the fact that many aluminum

hydroxids compounds are likewise used in very high

concentrations in many single particle, SO,

additivas.

Be that as it may, £or the purposes of this

patent disclosure, the term "aluminum hydroxide

compound (s) " should be taken to mean aluminum

hydroxide in any of its many phase forms. For

example, an aluminum hydroxide classification "tree

diagram” such as that found on page 9, ACS Monograph

184, Industrial Alumina Chemicals, Misra, Chanakya,

1985, which is incorporated by reference herein,

shows that the term "aluminum hydroxide" can have a
~ather broad meaaing that includes many different

phase forms of that compound. For example, this

reference points out that there are "crystalline®



.1 March 2002 Spray Drying Operations Wen they are used, the spray drying
processes used to create m crospheroidal fornms of applicants SO= -i S0,
oxi dant catal yst conponents and SO, - absorbent conponents each can be
carried out by well known techni ques. Cenerally spearing, Pwﬁpch%&y drying
shoul d be designed to produce mcrospherosgal particles having a range of
si zes such that essentially all such particles will be retained by a
Standard U.S. 2 sh_scr : essRiUd-ad Lrsugh pardd chesgwll- be
passed by a St a%%élr;% Fs. aggﬂnr%ea:[slgnsggeen.&q%%li gﬁal D??lcﬁgl&gr ogedﬁr elss It
shoul d al so be poLed tb# thyaddilliion t c-ahprayideyi nglSOHED,t hahosay be
used to produce”m crospheroidal fornms of applicants' SOz -~ SO0, oxidation
cat al yst conponeetbeand S ghbbsbidm, coAYORLREs, aMe Forssideardibed

manuf acturing processes may _be fuyrther ,enhanced.by use of separate and
di stinct dryi ngTsiépsclIReyEAGRREPFY HitPE cg‘rllsi\éed DY Sf t%r E’t?l“eo’aayi ng
which naturally results, t Y yi ep (Qk f JHase; QL her
dryi ng steps us8d°rs pﬁo@&gg]“pg%lild:"{%r' odrér:srs o] a%%)ljlocaﬁ'ltis' rc%g]t erials %'Such
addi tional dryi gg,wh hliqf Urdheko-ERiee t eoprdeednyofentbdengit eacesn@f the
l'iquid nmedium u$ed to creat'e the reaction m xtures whi ch may be still
present in the gnhepotkces Rhotherpasiparabe addordassadicat egixomph afich

materials as water of hydration. Drying tipes for suych distinct, 1 March
2002 -41 dryi ngaduspsumi Mydissigles t8kdBronFaBsst G- R HAR s W HTt 24

hours at tenperatures i, ch E{DEI'!%EZH% raNge ;ﬁﬁn@pggtgggggahogg{%% SO0F

(at atnospheri clﬁrgg’éﬁ e¥t B ases, enper at ur gr I~ t han
t he boiling poi gﬁaofhet%]‘eirld. qu%glggq&llé_@senm ovad . ds @igeifkulikdMeL12F in
Y iRmthe - wef”

t he case of wat reacti on conpositions. Calcining Procedures
After spray drygpgm(ichet heopaseaDiingtr doprer odHlak lpaririut esydopxide
desiccation (in the case of pellet forms of applicants’ materjals) - it
remains only tontoéd eheveol i dTidt BRXAGAIONE LRME od§ AT RFLAt Rfs

produced and convert thejr . various s 0xi de; I st iLr._oxide
forms. This is PFRYerapeymibhe R c;?-gfli%gti olndd;%%gkgr%&ef f%%%?&%lﬁén

cal ci nation st 210 gt ] ok any swol afficledy cormpaerés achd. daepl ace
themw th oxyg?ﬁyéﬁ%‘\()ﬁéreggﬂiﬁ(ﬁ;duce a final product having predom nantly
the oxide for ms ghotfeoh@gnadindnias) The ml enyat¢asest epll of sehees to
drive off, as gaseous oxides, all but the "desjrable" conponents,of the
resul ting met almaedbabat ershowld ForbexafAtEE 19952 cal F nat | SHLEEBEMW | |

drive off the liquid pedia and any,agjd, VLS ity ~and/or
evol uti on agentBY4FR¥L¢Ry ?Pé%o%%%ﬂs sedf%/‘h t eé or Ig?ﬁg%'aeté,’gr eggﬁlson

m xture that egﬁ%g% baf;arg (i HaN0a RHOGEHI €S calce rtH e edn Sugk
calcination is feadily acconplished by heating the products of the spray
drying step - osxdatienoptdatmedlystesi coapioments of this patent
disclosure should not be wore than about 10% by
weight of said oxidation catalyst component. Bettex
yet, these materials should not be used at all in
applicants' SO, — SO oxidation catalyst components.
Again, these prohibitions and limitations are quite
unexpected since alumina (Al,0,) and many of these
alumina hydroxide compounds have Dbeen widely used,
in very large proportions, in many prior art, single
particle species, SO, additives.
By way of contrast, aluminum-containing

compounds (that are mnot alumina or aluminum

hydroxides) that are suitable for use 1in applicaznts'



.1 March 2002 step - at tenperatures ranging fromabout 600C to about 7Q0C
(preferably at atnospheric pressure) for fromabout 20 m nutes to about 60
m nut es, and nost preferably at about 650C for about 30 m nutes. TGA
Measurenents Measurenents of the absorption rate of SOx on, !{%H 0#)%2
experinmental additives ware obtained on a gt_)di fied thernogravi et T2
analysis unit (TGA). The equi pnent consi s? d of a Polyner Laboratories STA
Z500 thernogravi netric unit cqupl.ed, w 1.CI QGO - erally .
sneaki ng, appr oﬁ?‘ﬁrﬁ?el’ﬁnlﬁarﬁa&ﬂ acrr%&%%gngnglg%%%s ﬁpgg&\"/\bgg gadéd Tt o a
ceram c sanple gggg ?Eﬁ hﬁé‘i?ﬂtung_@”:c\éﬁd,0U$vd3..01rm|l ti 10 Bud 8K c Bimloud svas
normal i zed to the wei ght at e point where SOx gas commenced to be
introduced. Theygespesiti alupfinufe SA2 ni xhypasl ealll pyedraastagual i t2000
ppm SOz, 59 COZ, 1~ p with the balance being nitrogen. . In the case of
tests of SOz -;eBemenkEdarts, gri‘mlﬂﬁesoﬁe.eg?f}‘eBb%o AF-Redr eShBy wehght ) of
an absorbent and an oxi dant. were used and the weig £ the SO picked up
t he absorbent v%?%&s@ﬁe&lqrﬁlﬁénéﬁiz,swm& tt\rﬁe ogpggti F&EFPY hgoung

experinment was fo test a Q= i Xl t stanrdar d sghspr hent S
used; this stantfr &%sﬁ?ﬁgﬁ{m\%sﬁ Fg%arle b?oﬁ?e brocess %(?s)clralibe W?n
Exanmple 1. In GXPS' I JB §ragASUPP @t et Dagnest a povwera vaqigaonl oyed.
1 March 2002 -%P%életﬁegot her %ana, when the purpose of an e:{periment was
to test an absafdetdintngt andapdunddant thprep@Aned aRodesediUrbidid s €ranpl e
7, was used. The results of the TGA exper enintwo, forms. In

i megts were ag
one, the perceraluminm chBigeosid&sh wo HBHB‘ésof ’er}(cb%’é Pe t FIHBIRD gas

m xture was nmeasured. This_result Ve, b ma imdm- oL pLi (o [ Lity of
the mixture. |StheEeRondlFO-MUSE 7 bor ?ﬁ t lé‘ resu tégﬁggﬂg‘%g% ation -

of the initial n(aa%;fe%uﬂbs%%&i%té.hese regubt s yBGRiAUR-eRd Bsidde %
change i n wei ght e sanple per mnute. To these ends) applicants

est abl i.shed ceré@&;;blgmg efag hesedtboutke fi@WMr edoluts §hao nabbulle et by a
SOX additive if it is to have comrercial viability. For exanple, applicants

have found t hatpercemBOXofddeppidcaists hafdeat fini Pradakian uFataly st at

I b 0. 10 ' ' ; o | il
nave a maxi mumaEREATon. oF208 S waTaRe anet SRR peBEThES RS ™

regenerabl e. Thaf | that afd edpplikeaekes ditid MPxd AU Pt Iy S
wei ght it mnust %ﬁ%%%i?ﬁfn to the b%%e | i ne when hydrogen is p;yssed over

the sanple. Appldngritisnthave (al.so foumdgniesia f azdOromdadi ti veikasiia maxi mum
absorption greater than 40% this i rrprovemint is got al realized in
commerci al opersitliioras,. FbasERAFIEE appkROAATs dR¥RY op I L PHddCLiAYeE t hat

o, T B (TS TR D St bsggaseies (1

pi ckup. That is/tQ saystiiRere Was - about 99 weight percent of ths
oxidation catalyst components of this pateat
disclosure. As a final note with respect to those
other materials suitable for use as support
materials for the oxidation catalyst component of
applicants' SO, additive system, it is preferred
that when the oxidation catalyst ingredient is a
platinum group metal, then the support material
should contain relatively little or no silica (e.g.,

no more than about 10 weight percent of the

oxidation catalyst component).



.1 March 2002 no correspondi ng reduction. in the anmount of additive required

to renobve a certain amount of Sox. Conparisons with Certain Prior Art

Single Particle Species SOx Additives Applicants conducted various tests
pat ent

-aimed at conparing the nmulti-particle, SOx additive systenpNBR:tiﬁ
[ singleZ@®mticle, SO addltlves hese

di sclosure with various prior art,
conparative tests were l|argely based upon conparative TGA tests. Hy way of
: eptt gimmari zed in TABLE

exanple only, the results of s&lp A ) 1
| ncr ease |n Initial Rate' mass after 2

[11. TABLE Il Conposition Percent
hours of Absorption (ngfbe%‘@n@)a%%t Se@centa /hiydtopplciSienge
S Sampl e A*

Particle 61 1.9.30¢0A0d td NG gl Rartigle 48 .5 9amle / as that

prepared according to Example 1 herein) may serve as

both an SO, absorbent and as its own binder material
in the practice of this invention, applicants: SO,
absorbent component will, however, more preferably
comprise at least one sulfur trioxide (S0,}
absorbent ingredient and at least one, chemically
different, support material for that SO, absorbent
ingredient. For example, a SO, additive may be
comprised of a hydrotalcite SO, absorbent supported
by a calcium aluminate binder.

Regardless of the identity of the support

ingredient, all such SO, absorbent ingredient (s)

will be selected primarily for their ability to both
"pick up" and "give up" sulfur trioxide. Metal
oxides selected from the group consisting of

hydrotalcite-like compounds, magnesia,

hydrotalcite,
alumina, calcium aluminate and calcium oxide are
particularly effective as SO, absorbents in tha

practice of this invention. Other usgeful

ingredients for creating SO, absorbents will include

magnesium acetate, magnesium nitrate, magnesium
hydroxide, wmagnesium carbonate, magnesium formate,
magnesium chloride, magnesium aluminate, hydrous

magnesium silicate, magnesium calcium silicate,

calcium silicate, as well as other magnesium-

containing compounds.
) Of these materials, hydrotalcite and various

hydrotalcite-like materials are particularly



.Dual Particle 53 Z.6 Sanple H* Dual Particle 52 i.6 C'*

*Note that the

follow ng statenments help to better describe the Dual Particle sanples:

Sanmpl e A: Sanple A was conprised of a m xture of absorbent particles from

-Exanpl e 1 and oxidant particles from Exanple 7. The nixturﬁw%@q; [»ed So
rc

wei ght percent absorbent and 50 wei ght pegéent oxi dant.

002 -45

Sanpl e H Sanple H was conprised oz a m xture of absorbent particles from
Exanpl e 2 and oyidaatrrpatticl eqHozen Esiiplleds. Mhe rixisir e acumt avnéd SO

wei ght percent absorbent and 50 weight percent oxidﬁnt.
was conpri sed o&ppreicituiee tiatat? entepaRti EPEECH,
oxi dant particles fron1%xa

npl e
absorbent and S5ORYEFERRLSe Eent 63 dént ¢

Sampl e C. Sanple C

ImABdEeFHT 4 3tands
. Th 1 Xt . tai . S i,ah t
St M S B gt 4 AP BRLC S

absorption was detgéqg@%d fsgrsuém—éi rghedd> Mt 681 05534 1P %&P.nuwTél her

Fi ndi ngs re: Comparative T

Applicants ' conparative e:xperinenta

program Mg,Al, (OE) 4CO,-4H,0. Tnis material 1is described in

TCDD (International Center for Diffraction Data)

card Number 22-0700 as “magnesium aluminum carbonate

hydroxide hydrate/hydrotalcite.”

differentiating characteristics of

The chief

materials

possessing this hydrotalcite structure include the

unique x-ray diffraction pattern depicted in ICDD

Card Number 22-0700 as well as the

material’s

ability to experience an endothermic reaction at

about 300-450°C. . This reaction corresponds to the

loss of both the OH water (water of hydration) and,

o, .

meaning that
reacticn with wakter will cause this

structure to reappear, as can be

subsaquent x-ray

diffraction tests,

This structural change is however reversible,

once heated above 450°C, further

hydrotalcite

vexrified by

and the

resulting material will again show an ability to

undergo its characteristic endothermic reactiom.

Next, it should be noted that, strictly

speaking, ths above statements apply to hydrotalcite

having the above-noted classical formula. It is

also the case however that changes in the processing

conditions (composition, temperature,

humidity, etc.)
containing hydrotalcite also can

production of materials

hydrotalcite structures and which

pressure,

used to make catalytic materials

result in

having non-stoicniometric

possess XRD




.al so established that many hydrocarbon cracking catal ysts commonly used in
FCC units display sone, albeit .limted, ability to absorb SO . This is
probably due to the w despread use of certain active forns of alumna in
-many FCC hydrocarbon cracking catal ysts. Applicants believ e
limtations on the ability o these materi %Dg' to absorb So,ﬁgltgn%er%qdlzy
follows fromthedmed -t hatntRer g+ J0:. 50~ -~ SO, oxidant catalyst
materials in such hydrocarﬁgﬁ' c?a‘géﬁg "clgtr%ll %?sﬁaﬁt’-ffélf‘esl.n | BCDDhe@a o ds,
applicants conclNuwkesk hat -igepay hydr sk beR,££ i g catal ysts could al so
serve to absorb S03 if aw%i dati on cat al y§ft ?%A(%%%%ér i"ﬁé B2tesiads al so
were used in coMflddctinsiiuda h(ate hydribeal banteragk ng, | ysts. .
Applicants also_found that thjs 1 March 2002 can t))e a%ﬁ%%v%%ﬁ%@éhu%en at
| east one oxi dafiofLC4fy| yé'thrsOJﬁd'%eIﬁ%ﬁ%%\miygassoompb@&dgf,t h agaqﬁo,
absorbent in thg saddi_ti rticke and not physically associated wth
a hydrocar bon. c?ggglgﬁgglcgtléll@srﬁﬁ? FP¥%‘TE.O‘§%[$@ g‘éﬁdtziaélee.(sélmérebrﬁf No.

appl i cants expe3s neoEs) ¢Omalne®B of ety Rl 9f yLQLs, was, i ndeed the case.
When applicants SO, absor be%lt— mat er %Lé V\bl‘g F‘Hgfabf" AddeRP t6azdcio .

hydr ocar bon cr atkt 7 $ystends, manead uroualukhal,@ M, ge variety of FCC

hydr ocar bon cracki r}g catal yst (and especially bgtt%ﬂrfrg‘g‘rcggﬁi néifgﬁ"éf:ém;)

al so serve to ab<dh SBrdwAlq 86FPP&perf or Albhctbai radly di@ear bﬂ?t acki ng
function - if ?q‘%fcgf' ci.ent cagabi | it o catal yze the conversion 0 2to
S03 exists in RRY P FWaKST Rey a%s]%nv{ﬂﬂpplsmtstah&@u&@mdcé at
their SOX addi biaVer sysd ROV Jhis Jextra" SO, to SO, oxidation
function particularly mﬁrs\%ﬁg‘ﬁgteﬁeygﬁor%‘%ﬁ%bf n 9Fd rf Y& B+ g wividr dyudy ocar bon
cracki ng cat al gyesssarne.gan, dilfafag.all Qgdath is of particularly
effective hydrocarbon cracking catalyst/ SOk ad%??ﬁéefgﬁwgﬁgy- (B5¢)

especi al | y t hodBd cdif Fregravinenujor amalysi§e. greaPP- $% 55 by weight - on
a dry wei ght b%\asi s:?_ of a%: K, ,h%drocar bon cracking catal yst a & V&% ni nor
amount (e.g., O BRT9% by MEiYhttSonbadsgfy WoPght thesi Sacef epgki capls SO
additive systegg_cf.vgfg_ esged | t.ent ¢l ai m | anguage such nethods for
extendi ng the usre u Ii?g ofcréz#%d% aacgqr?;?%er§9 tegﬁha'virng @Sonate SO,

oxi dation cat aindytorxonpenenyagld)a. D, ASY bert, conponent wil | conpri se:
(1) enploying the SOx additive systemin 1 I\/ar}clﬁgza rltcdé:ef'o]r#ﬁ%’f a.

| east two phy&iteMatunsistwikl bhavei al esspediresenhefei PafakLESL Particl e
speci es cont aiwrla-? the SO~ --~ SO, oxidation catalyst conponent Sndarries
out 'a prinmaryFnFESHES Wi BFerkingurher hangd dand oassubglequdnexi de and

the second pagbkek8r3BECI €521 S icall arate and distinct fromthe
first particle spegi es and car rﬂl%(@s&s'out t%\ﬁéfsfecgncﬁcﬁﬁ’“@la%éw bi sgctihe SO,

produced by theaSEkofs, igxiaddidsm i}atrﬁéy&o@omgng%ﬁol ) 9@5.0 ing the SO
-~ S0, oxidation catalyst conponent in the formo Frst” patticF&?t hat
conpri ses: (d}23S%%ff HRCBOLossegowhdkipd BSICop matealutsds HIrhsedypL a netal
sel ected frorg QP nsi squ n? of a netal having an atom c nunber of at
| east 20, a metal from Q%ﬁip PH of ®RRELPBr i 86i cWghbl e25a ¢ alhddm G oup
11H of the Peijsuhredabtedvarvegal from Goups 111 and VIII of the Periodic
Table and a rare earth nmetal of the Periodic Table; and (b) a birder

sel ected from t he Ngsupiof shetad- benhaitrid & KAPOLRES £QASIy tiilr}. of cal ci um
al uminate, calciumsilicate, alunmnumtitanate, zinc titanate, Yum num
zirconate, mAgné&E BHARAYRLCH o Hign Bakeaialagt oeadlsomt drp cqrpound,

al um num hyd id caV o Zh L coni t.itania, sjlica, clay, clay/phosphate
mat eri al andhggstﬁggg?‘?élgﬁl&%\h?gﬁ?anfiﬁngrrppgyeﬁhﬁ%ral FompoAL&inasno nore

than about 18twecghy pAMSNngl it Pra Ry-dr QX 0. more than_about 10
wei ght percent alum na (A1, 0,9’.; : and (3) usi r‘m‘%ﬁ he” da L%?ﬁéﬁ?lconponent

in the form®®Prausdacondogart ikydratelc toapr i seahy(a) oegﬂgt al gxide selected

fromthe group s ps . _
stoichiometric compositicns of hydrotalcite and

hydrotalcite-like composition also can be used in
the practice of this invention. Preferably, all of

these compositions should contain OH water and/or
- F89



.1 March 2002 consisting of cal ciumalum nate, alumma, hydrotalcite,
hydrotal cite-1i ke conpounds, magnesia and cal ci um oxi de and, as an opti onal
i ngredient, a support naterial selected fromthe group of netal oxides
-consi sting of cal cium alum nate, magnesia, alum na, aluninFMbmﬁédﬁydrate
al um num chl orohrdrate, silica, alumna,-28tania, kaolin clay,

cl ay/ phosphate material and zirconia, and which, if enployed at all
contai ns no noreatbanaakout 1I® wei ghiteber centOsfFfilddrand ndcHBESUCREN about
50 wei ght percent kaolin. clay. Re resem%ati!e SOL_Absor bgnt Syst em Exanpl e
1 An al uni na/ neCeRSeGHERFdYoxy ac%EEP%F& G281 ur r PARS CFPeH ed b§UGHdI ng
2495 granms of Condea P-3+ Al um na \ dLiter r ng ai.ni ng

| LI grams of 848% ’E‘B'ﬁé%ﬁf‘Fﬁf;&’cgce%ﬁ;chéa%%s %ﬁaefa%gi tér nlsalfékc?ef%gr%%?ned
under noderate X éé&&gn(ﬂﬁmyﬂﬂ§n§n§gﬁﬂfﬁﬁler,s%@%ﬁ orafE-9f 3 Congdea P3~
Rium na Sol, pr€paréd in the manner noted above were addéd to 2523 grans of
magnesi um hydr oxjyk&cetmatr-@riBl 4 hwon2dul tricigids ur bt 3By granmeahnsThse! e
RC-32~ kaolin clay and 80Q grams water were added. The resulting slurry was
spray dried and iiccedrtEole pactateli®e? t ABdspIBRiFiFhEevere cERRSBed at
650C for 30 m|g£f¥iég aigUfEH§Jl”gkce'also49wi£fW”§Bp%g%%ate rhe

literature also freguently refers to such materials
wanionic c¢lay minerals,” although they may be
synthetically produced. In any cass, thoss anionic
clay minerals that contain magnesium and aluminum,

are particularly preferred for the practice of this

invention. Thus, for the purposes of this patent
disclosure, applicants’ use of the term
“hydrotalcite” should be taken to include not only

hydrotalcite forms having the above-noted classical

formula, but also hydrotalcite-like structures or

anionic elay structures such as those of Manasseite

and Indigirite.
Next it should be again noted that applicaats'

SO, absorbent components also may be provided with

their own SO, - S0, oxidation catalyst

ingredient(s). By way of example only, one or more

of the particle species that make up applicants' S0,

absorbent component may - as an option, and not a

requirement - be provided with SO, — SO, catalysts

selected from the group consisting of cerium,

wvanadium, platinum, palladium, zrhodium, iridium,

molybdenum, tungsten, CODper, chromium, nickel,

manganese, cobalt, iron, ytterbium, and uraaium. Of

these possible SO, — SO oxidation catalysts,




-Exanpl e a 2 AN al um na/ magnesi um hydr oxy acet at e/ vanadi um oxal ate slurry
was prepared by adding 2495 granms c~ Condea P-3~ Alum na Sol to 10.29
liters of water that contained 111 granms of 84% concentrated acetic acid.
-These additions were perfornmed under noderate agitation copm H%
Thereafter, 2524 grams of P3~ alum na sol39prepared in the rt? 8escri bed
above, was added to_2524 grams of magnesi um hydroxy acetate. To the.

resul ting slurry2t ?@%agrf'e?rf-'s BFoVanRadiuntexat abe rand 800 Ly ars fef-twaf£r  Wer e
added. The sl ursrf# en_spray. ag. ﬁ?ﬁ? and the resultl ng particles cal cined
at 650C far 30 Hinut é% ?‘71131 n&te. * B afprd eXRnodl wdidingagnesi um

hydroxy acet at &gl ay/ y; m o ate I pre ed by, addi ng, under
nmoderate agitation, Sgﬁgirlgms X?A Cong'eamlil‘j"é‘/%a %I umi Fa):ﬁ% %—”ierégnm ters
of water cont alda:mig:ddrit oflams aft B4¥seonariirat ed acstig %

addi tions were perforned under noderate agitation. Therea ter %ggr ans

of Condea P3 Atdditna w&#n prapadial adsnoteedabdre, a/\/ergoladd@gs5gbg 19 grans
of magnesi um hydrox¥ acetate. To the resulti ng, slurry, 345 grans of Theile
RC-32 kaol i n cFRyosReaty, ifz d-rsarré"‘-\gé’dé’dl RED@FEeE arbas00theansogf wat er

wer e added. Th r ried and the resultin articles cal cined
§b§59?e¥zt\’\6§l§8 ?%IV% g ma €Sla EORPONEN 8 2okl Exarrpl e

at 650C for mNutes in a mu g fUr Rac
4 An al um na SRbpWaEahiESh RFLPARe bynadding AL Y aus gordea P-3 A' um na
Sol to 10.29 liters water containing |11 grans “84s concenf‘rcnﬂta‘gd1

acid. The addiinonshedre [9,foratesbniveter nedepahenadisat i 98,608di i ons
Next, an aqueous slurry of magnesiumsilicate (R T. Vanderbilt Ceranital ¢
No. 1) was pr EERERE o %ddéévépg“/%%ﬁ)l itdse cymoaatiat fonm Thker esall ti ng

slurry was redyced in particle, s sing a conmercially available attritor
mll. The dur&t Sg" 87 117 ng &?@%ﬁq‘ﬁéd RFEHRIEIRE r eljurradisgo obt ain

an aver age Padimsige oF €nd WB-o23d8e0r aan Al pdea o alumina sol,

prepared as noted above, was added to 2523 grans 0

acetate. To thitsicH whese 490, @dalir ivfed Eraragdes| um si I icate slurry and 800
grams water were added. The conpleted slurry was spray dried and then

cal cined at 6SOC f@nd30 ad rwaestha casef wiehf appddeanDemmde, 5,258Z grans
of P3 al um na sql, wags added to 2023 granms of nmagnesi um hydroxy acetate. To.

this slurry, 256 G HAE ofF 3t YFh nicd! SRS addeie t$0s wasdmddowed by

i Loy SR I AR BT Bl

for 30 in a nutétatkyrndeeate, chloride, carbonate, formate, etc.
forms when they are first introduced into the wet
reaction systems employed to formulate these SO,
absorbent components. Again, the metal salt forms
that are most suitable for creating applicants® S0,
absorbent components are preferably selacted from
the group consisting of calcium aluminate,
hydrotalcite, hydrotalcite-like compounds, calcium
oxide, aluminum oxide, magnesium oxide (and
especially its periclase phase), magnesium acetate,
magnesium nitrate, magnesium chloride, magnésium
hydroxide, magnesium carbonate, magnesium formate,
magnesium aluminates, hydrous magnesium silicates
(e.g., talc), magnesium calcium silicates (e.g.,

dolomite), and calcium silicate (e.g.,



- 51 - 1 March 2002 Representative- .50~ --~ SO xidant/Bi nder Systens

Exam 2092 grans of P3 alum na sol was added to 169? grans of nagnesi um

hydroxy acetate. To this slurry) 897 grans o, ceriumnitrate was added,;
this was foll owed by the addition of 332 grans of Theile angn%ﬁﬂib“ cl ay
cl ne

slurry to the system The slurry was spr-&f-dried and then ca

for 30 mnutes

grans of vanadic@mGN et asFeRs2

at 650C

in a nuffle furnace. Exanple-7 1864 grans of P3 al um na sol

was added to 158 lgshmnbife hagneét%mfr’ hyiﬂi)k'y ad’é@d@@e"To apps. islanty) 897

grans of ceriumnitrate was adde S was by the addition of 448
Sgid OReeSE Lty ot

msuﬁflalrhél |e°

e OXl

The .slurry was sprg%cgrl ed dfggg‘g %aé c&l{'@g? %?Qggcle‘at?,g% mi ?Fgﬁt

nuffle f ur nace:

under the tradg

of 850 ppm of
- 1 March 2002

oAV nner0|a y aval

pfatlnun1|npregnated on a substrate of al pha al um na.

poorts z SQ, sorbent Tn die

Applicants' S0, absoxrbent ingredients are
preferably used in conjunction with a support
material selected from the group consisting of

calcium aluminate, aluminum nitrohydrate, aluminum

chlorohydrate, magnesia, silica (Si0,), silicon-
containing compounds (other than silica), alumina
(Al.0,), titania, zirconia, various <clays and/or

clay-phosphate materials (and especially those whose

phosphate source is phosphoric acid or dibasic.

ammonium phosphate e.g., those produced by the

methods taught in U.S. Patents 5,190,502 and

5,288,739). Again, the presence of magnesia in the
$0, absorbent is highly preferred when said

absorbent also has a vanadia component in the same
particle. _

Next, it should be noted that, for the purposes
of this patent disclosure, the term "silica" should
be taken to mean silicon dioxide (Si0,) in any of

its various phase forms. By way of contrast with

the term "silica", applicants intend that the term

"silicon-containing compounds (other than silica)"
should be taken to mean a compound wherein a three
dimensional network of cations and oxygen is formed
which consists of silica tetrahedra and at least one

other non-silicon containing oxide component,

kaBVi el HES urry.

in a
sol d

AR r;e,:(gp?nsBSo was used as an oxidant. This material consists

5 2




.Exanmpl es 9-Z3 The follow ng SOx pick up test results were p=oduced b=r
m xtures of absorber particles and oxidant particles . The Thernogravrimetr

Anal yzerreTriously described was used as the SOx pick up measuring

instrument . The SOX absorbence results or the various ”’XfMaﬁ% e
conpared to those produced by a single pagti-cle. These nmeasurenents are
summarized in the ,followng Table IV: TABLE 1V Test Sanple Made According

to Exanple 5 9 Hxakblk’k 13 cEest Samil er bddeAvworchmys bhingeaseompounds
massExanple ~"f ,~Pr 2 hours . %w .5639517Z0571153125 5 . 1355 Absor bent

Qai dar _t Si ngl ePFelildina508ERSI503ERL L7800 t . BEBUERE Gé@/txt%@%zwou’d
oW /mr 1.9

650%EX. 450%EX. 6759 2250 .8 Loitial rate of Cﬁ
1.8 1.7 1.7 1. 7384 Ubi 955028 SHBRFUART, Slrrléaaffph%%dhéts

Hi nder Systens variety of aluminum silicates and, hence, a wide
variety of clay materials that contain silicates
(e.g., kaclinite, serpentine, pyrophyllite, talc,
smectite montmorillonite, wvermiculite, illite, mica,

brittle mica, chlorite and palygorskite).

{=ianal in r

Supporkts ﬁQ; Abso*bﬂ Inaradients

Applicants have found that in the case of

silica (Si0,), no moxe than about 10 weight percent

of it should be used in any one particle species of

applicants' 8O, absorbent component. It is even

more preferred that ne silica (SiQ,) whatsoever be -

so employed. Applicants have also found that when

kaolin «clay is used in their SO, absorbent

components, it too should be used in somewhat

limited proportioms; applicants have found for

example that, contrary to the fact that many single

particle species SO, additives have kaolin
concentrations up to 90 percent, kaolin should not

constitute more than about 50 weight percent of any
given particle species of applicants' S0, absorbent

component - and it is even more preferred that no

more about 30% of it be used in any given S50,

absorbent component particle.

Applicants also would note that, for ths

purposes of this patent disclosure, the term "kaolin

clav" should be taken to mean those clays composed




,inn 1 a 7. 4 A clay/phosphate/ceriumnitrate solution was prepared
(according to the general teachings of U S. Patent 5,190,902) by adding 103
grans of Theile RC _ 53 _ 1 March 2002 32 kaolin clay slurry to591

-mlliliters o. waterin a high speed mxer_. Tothis mxture of
phosphoric acid was thenadded. To the restfti ngsystem 440 'gr%g';r?sgi@ cerium
mul. ati on was they. spray

nitrate solution®. , wasadded. The,slurry,for € '
dri edand the r&sul t#¥§E5ards c%séﬁﬁcﬁ%ﬁ At B850 Soe R Wheseim bheuffl e
furnace. The cal cine reielke L8 A ) | nesi umoxide in a
5d/ 50wei ght perrc%'eer}téir%?i %ig%ag\;\g"%gs“u% nrggﬁrrngjtq-éarlv: %?%%g??ﬂ(&sbfjasq@@t est

thatstowed a S@- @b3or paieBEshecol 8r2lewseinsdnut efy1ike end, ..
productmaterial. Exanple 15 A cl ay/ phosphate/ceriumnitrate, vanadi Um .
oxal ate sl urrywhasairepahed tipaddihgtis4Gigriars oetTadiddrRCpIdeaq) i n
clay slurry to, 179S ml]iliters of waterFi n a hi %h speed m xer. 'Fo this
mxture, Z92 gitBR® &7 phYIEREYic PAARE WS BR8eRaterdadafe eoctabedgadns of

ceriumnitrate Lution.and 2 r 0 adi oxal at e, sol utign were
added to the s?ﬁgl"y. a#% grgrgée%agg?%e%h\s%?sy ogjni té‘aea%d'dt%w} es@P6i ng
particles were(gahehined ah 6GpPLaf OFR39 Myt 83y fl.e. furnace. The
cal ci ned parti ((:I es \;\'/er%g then mxed wth nagnesiuump%xrgiéleie% afl%O/ gHS%ei ght
percent ratio ebdysnakyr et mppEGA dedts. 1dheseplaaksbiotdi s sPatgt he
resulting material produced an SOx absorption of 0.27s per mnute. 1
Mar ch 2002 Exawpl &ydgoxyl ions between which is a plane of Al

' ions, that are octahedrally coordinated to the
hydroxyl groups). Be this definition as it may,
applicants' limitations regarding kaolin are also
rather surprising in that this type of clay has been
widely used, in large conceatrations, in many prior
art, single particle, SO, additives. This
admonition-limitation regarding the use of kaolin
clay in applicants' SO, absorbent components also
stands in sharp contrast to the fact that kaolin can
be used, in large proportions, in the s0O, — S0,
oxidation catalyst component of applicants' so,
additive systems.

Silicon can however be used in applicants' so,
absorbent components when it is a part of various
compounds other than silica and kaolin clay. For
example, silicon employed in the form of magnesium
silicate, aluminum silicate, silicon titanats,
and/or silicon zirconate may constitute up to about
40 weight percent of these support materials for the
S0, absorbent. Applicants also prefer that those

groups of atoms that are chemically

atoms or
combined with a silicon component of such non-



.A cl ay/ prosphat e/ ceri u~n.carbonate slurry, was prepared by adding |403
g=ans of Theile RC-32'i kaolin clay slurry to 1.200 mlliliters of water in
a high speed nmexer. To this mxture, 192 granms of phosphoric acid was
-added; thereafter 277 granms of curium ca=bonate were added, M‘gfﬁwl et ed
slurry was spray dried and the resulting-particles calcined a for 30
mnutes in a nuffle furnace. The calcined material was then m xed with
nmagnesi um oxi de kia 18.-50/ 501 1ebghtcqraraimnt ng atciompanthdanabyz ek dye e ; FGA
tests, which showed a SOx absorption of 0.15% per mnute. |l ectively,
Exanpl es 9-13 skowessat of pliyisi c S oHoRLIARE DIlan W bentaqElaarl esol- 4)
and. an oxi dant (Exanples 6- e% gl-ye t he sgume SOx reppval, as a single
particle (ExanpF€a5F Wimlhtie 311iCQ0nm xAgk &% &I GifAd/ Meffes9a @Bsor bent

with kaolin cla as_ a ha in o] | i.dant containi ng
ceria and vanad|¥%B§E>%§rrpq‘e %j.:ggggng?gg?%%l?%e%ﬂﬁéﬁé&gf O()aér!i-'“a?o‘so ‘Tt
(nmade accor di ngich @1 EX3NPla@pd) damtthirdv Oree@érihey oxbdadl $hd) Jdi S £ase
vanadia, is included with“the absorbent; the other oxidant, ceria, 1S in
the particle i nabdmintmr e sdiltikvattee abtrsoréppli¢ande 'acEw,di apsiorHeray®pl e 6) .
The significance of this experinent lies in the fact that while vanadia is
a ninor conpond@¥OoRnCeRecqRBFiREYs EOEMTASY % onsi dered to be a catal yst
"poison;" hence) including it with the nmagnesia/alumna insures that it is

i mmobi li zed and thus ca :rot be transferred by sublimtion fromthe 55 -

1 March 2002 SQx additive, nLxpyrg h9.t he .h Lyst ., Exanple 11 is
L £ EEQ:I% '{fh i % :%-1 %ﬁll gg&;- Ff%‘i%

identical to Exan - T lay is used as a
hardeni ng agent ~ i spg,1Rgagesabakunim/a@nedie, absakhent, EXa 2is
the sane as Exanpl e %‘“except that magnesiumsilicate is L]fsegéagr?%!ﬁ%;‘

har deni ng agentpaxtsiehs, ofogl agdithvExayskens3 waexetireran by |y ayehsabl e
oxi dation catalyst consisting of platinumon alumna is used in place of
the ceria oxi dddmited cheirei eBneeSeFPERtS dRadyied liadkhate ny HOE units
are al =eady usin | af i nym pronoter_Lo vetrt.carbgon nonoxi de to carbon
di.oxi de and thpﬁs%%erét <al akﬁ%?,rg?gé s@%ga‘gf‘%]‘éonﬁgrts%ﬁ?fLﬁl%ﬁ'Jcﬁ'(i de to

sul fur trioxi dﬁ.‘a%ratg‘eé&@SSé he, fieedi 05 BeG8k qn%ﬁé_j@ig ean he gread)y

reduced or eli entitely. Exanple 17°A cal ci um al um nat e Support for
a SZ --~ S0, asiedateoPn aapabiyanteconpameht ivesrpiepar eddyy fadduit iaki ng an
al um na sol consisting of adding 2495 granms of Condea P-3 Al unina Sol and

10.29 liters ofYR&EHS ARSAIEFRLLY 10FPaRAEIST 3PP kSARERL r shedcacat ¢ aci d.

In a separate contajner . unde der at i tati conditjons, 581...8 grans
of Huber cal ciﬁﬁﬁcgcgonéa?seoé%éng%dga t%‘%#%eb‘gﬁ&c 5\/\%%# WG SRR S xt ur e,
4876.9 grans Of hhhe R iKuisd o R ePan A cakiaRa oS HomassaddadsihhG e
resulting slurry was spray dried and the particle products of thé spray

dryi ng were capakhdclat BHOEHHLT 3@ svi nuFes emaaph#. f lexidesnacé. the-56- 1

March 2002 Exanple_19 , .
' metallic elements in Group la and 2a of the Periodic

Table have not been widely used in SO, additives,
.but: serve nicely as SO, absorbents in applicants'
SO, absorbent components. And the same is also true
of various oxides of certain rare earth metals e.g.,
cerium, lanthanum and praseodymium.

Applicants' comparative experimental work with
respect to the relative merits of single particle
species SO0, additives versus the multi-particle SO,
additive systems of this patent disclosure generally
showed that most prior art SO, absorbents can be

divided into three broad categories; those that are



.An SO, absorbent conponent containing hydrotalcite was prepared by first
preparing a gel of alum na consisting of 189.0 grans of Condea SH Al um na,
28.3 granms of 74% concentrated formc acid and 917 ml of water. In a
.separate contai ner, under noderate agitation conditions, 810@]3%@@5 of
LaRoche hydrotalcite was added to 1147 m'_ﬁjli_liters of water. To this

m xture, 151 grans of the previously prepared alum na gel was added.

Thereafter, 362.1. ~grams of .Theile RCG.3 agly np n rry, a to
the resul ting sFiF?‘%E"I’THESHGS'Lﬁ%LII%g‘BgTuraFé \(/3\7a's ’s%&r g‘yngr‘:lgéd ta%%g?hgﬁggrti cle

products of thea(gg{,ag A 1% MET §rpahGisnesE ato6SARG! Az S0vinHt 88 abh e
muf f1 e furnace. crumalumnate is a particularly effectivé material fog
the practice of jhhigaicdnnveitt®n and hatose thatapdsarhf lsexe ngmbathsas a
bi nder (or support) for the SO~ -> SO, oxidation. catalyst conponent of the
SOk additive sysfensapd duta SKe abBoF beVitr¥onPbAent adlwel§Uchn BLEE
words, calciumalumnate is a binder

material t as S0 . absorbent
capabi |l i ti es astaBPerakirge, ?-’f‘f{:ﬁﬂngnﬁﬁ[} ‘espec?%he?a%iP ass%ae%‘icnagr f or
ot her SO, absorbeni.naieri a ch y drpot ide t e Lb%?fit geke
the SO ' absor bﬁibﬁﬁ%bﬁenkégﬁat he Ctxh g'dgi ?’l{s{;/jé %ys?g%ngq\%\hi I"e th%'gl

invention has bgsp.flgscrigeed widditespect (those i ohsveperi f botdxamgogs and
a spirit which 75 conmitted to the concept of the use of nufti-particle SOx
additive systempxidints tadbeso, lavarrherbe? iihdeRst Gang haanthecle),

herei ndescri bed invention should only bf Ii&n’ ted, by the scope 0. H}‘e
fol | owi ng cl ai nemplIasss whdt Petder metdced BBOR MIRHESH82 5wt

claimed is: moderate absorption capabilities and good stability.
In applicants' multi-particle SO, additive systems,
however, it has besn found that there are instances
where materials with high SO, absorption and low
stability'can be used to great advantage. For
example, the results of applicants' studies_
regarding the relative absorption capabilities of

absorbents made from various magnesium based

materials are shown in Table I.

IEDI.:‘I I
Magnesia Souxce roti % Wei
Dolomite 78
Mgo (first type) 110
MgC (second type) 147
Mg0 (third type) 151
Mgo (fourth type) 142
Magnesium Acetate 74
Magnesium Nitrate 11
Magnesium Chlorlqe 57
Magnesium Hydroxide 79
Magnesium Carbonate 14§
Magnesium Formate 105
Hydrotalcite —--

Some of the more absorbent magnesium-containing

compounds performed very well in applicants' SO,




1. Afluid SOs additive system conprising SO=-S03 oxi dation catal yst
particles and S~3 absorbent particles wherein: (1) the SO;-j SO~ oxidation
catal yst particles conprise: (a~ a S~~aS 0~ oxidation catal yst conprised
.of a netal selected fromthe group consisting of a netal h@maﬁkg‘b -arom c
nunmber of at least 20) a metal from Goupskb of the Periodic Table. a netal
fromGoup 3b of the Periodic a netal fromGoups IF.1 to YIZ of the
peri odi ¢ Tabl e 38dodvedi® Lafddhdiidlle phn! BRONER! odle, bl 3 £o) A
bi nder selected Tromthe grodp of netal -containing cc{rrpounds consi'sting of
al um nium si | i cphetighlmirlinumdll abat @ ialgine ntamt &l eorsd,e)ad®mor 1 RS, um
ali m nate nmagnesi a, alum na al um num hydroxide, clay. zirconia, titania,
silica) clay/phdsphacentst erahfo bdansit Eoamd wWehah i fmagpesged atsal | .
contains no nore than abouyt 10 weight per ceng al um - gura hydr oxi de and no
more than aboutPad-HEFGRE e fEhRC H T 3R A2 20 FOSARESRS) g eshent
absorbent partigle Is Si I Sid et om.the .
SO~--j SO ~ oxi d]axjf‘i glr'llg(]:%t a YSta%?grré%%ggégﬁgogg%%rgi S%Hé;?n% él %g)gnbeeszs%l ected
from the group &@Fréééiéﬁg o5 Bheacsied, falduriditeandl cakebHBoRLitder oAhe
fluid systemof clTaim.3 wherein the SO=-] SO3 oxi dation catal yst sr
particl es cont asrwaiet aguszict edafleem shiehgrasupmegnsissitimg aak tadrd ,um
vandi um pl anti num pal | adi um_r hodi um nol ybdenum t ungst en copper chrom um
ni ckel , mangandRASRPHEER NYSROFKCABRRAF SaRdd MEFRH M TRRIMRGRd SO, ~
additive systemof claiml| wherein the SOS--S03 oxidation catal yst panicles
are conprised of ceria and vanadia. 4. The fluid SO~ additive system of
claiml wherei e i r i L e SO- 3904 .0%idaty at al yst particles is
conprised of 3 b "- E'Q J;l EUTE .."'o”.“- I74~S* The fluid SO~
addi tive system of ¢l m drwher@i n higoexi QrtdAvLaiahyst R tigkegqcontain
no al um num hydroxi de and as alumina (.41i0,). 6 , The fluid SO ~ agdi tive
system of cl ai magnalerei nin heaFalicdsbebenSOpar #bsbebehnus helrs coppatse a
hardening agent. 59 1 March 2002 7. The fluid a0~ additive system of
claim1l. wher ePATEHE1SHS Hpaor BRRE2HBr LRSS Rt agsfprilsd ta terdeni ng
agent selected_fromthe grQup._gonRsist]j m pum siligat e magnesi um
al um nat e, nagﬁ@s%t?m &PPi E:gf’gtnag?féiidu%cgélggguﬁgﬁ%bat &P Fol at e
this deficiency with zrespect to FCC applications

(fluid-bed and fixed-bed systems are not as
sensitive to this concern), applicants found that
use of certain well known hardening agents can be
used to great advantage. In generxal, applicants
have found that such hardening agents should be
powdered materials that are insoluble in the
reaction slurry used to formulate the ingredients
for the SO, absorbent component. Preferably,
powdered materials will have particles whose average
diameters of less than about 2.5 microns. It is
also preferred that these hardening agents not be
chemically reactive with the other ingredients in
the wet <reaction slurry into which they are
introduced. Another desired property of thesse
hardening agents 1is their own inherent ability to

absorb SOQ,. To these ends, applicants have found



.8 The fluid SO~ additive systemof claim1l wherein the Sn~ absorbent
particles further conprises 3 SO~ ~, SCs axidation catalyst that is used in
addition to cue SO -DSCs oxidation catalyst is the SQ-j.SQ@ oxidation
particles 9. The fluid SOx additive systemof claim1l V\her@mr&{@@m
absorbent particle further conprise a SOz36G603 oxi dation catalys

sel ected fromthe group consisting of cerium vanadi um pl anti num pal | adi um
rhodi um nol ybdeham songst partdopera = ichr BRGMniEEt e nhnggaATeRt golfain
iron ytterbium and uraniuml| U -The fluid SOS additive systemof claiml
wherein the S03tk®sBFBERECSards cFed st mt 1" WhptTse Va3 -E]%E%‘Sop i dauoa

catalyst that h 3, vanadi.q .con en L, | L4 iti of
claiml | wher ei%f‘t”ﬂéméﬁ?) Saa'slcﬁc')ﬁén)?’ pgnraﬁn cﬁ-gg'gl u%%ﬁrg?%g%p%gi s&éés@%gégl-ﬁgs%
oxi dation catal ypf;thal Bas GraenwadiimC@HYien $10i6a6R3 ahssrbevbr,

conponent t hat %E%I%Q%g%ggi gnc%@rrponent 12. The fluid SO= aditive system of

claim| wherei nndies SO nSO3rati datd synitat yst cpaysi cltds tarara haasiétrees com

prised of at |east two separate and di stinct h]garti cles species 1,3. The
qui d SCs addi tiaacyirencatadlaitdl et@i AR hee H3edhEsr B Ade cR8s are

th I i d of at | { two i st t icl
Specien. 14 CTRETIERIAGO AIEINT | veCy SPERLOFLa A m 150her BIFIIRELE 503
oxi dati on cat alé/%@&?%rﬁégl SEn@@d d Sgggalg%grttaq@ft a;@gi{,@l 88 3y t?r?é?@

m cr ospher oudal es Sultable foor circulation in an FCC unit 1n

adm xture with g.q | @ﬁ?bb@ee gkcrgppbebdindal Spart i dxeampieseso fhaskays i mary
function is to catalyfically crag a hydrocarbon feedstock 15. The fluid
SO, ~ additive sysifard etircl &ty whegard tVeubd2- 1Boluggi dasild e vssiia yst

particles and the SO absorbent bent particles ane .ea sepa[\%ﬁ and

di stinct pelletrechoTiliy sal@CSAT el ti FONSTOFAMIdF 1% m £7 i1F t he

SO=-~SQ~ oxi dation catalyst, part| %Eﬁ%ﬁ% t he- 303, ah$ 05 B8 nb1 PRk! I arc
J'Ialblt"“r pc‘?f cltsj of i’ i i

cash sCparat ~ &7 FHE a sic suitablC for use is a t1'uid bed

catal yst sySZegfity t@g-previously noted proportion limitation
(i.e., not more than 50 weight pexcent of the SO,
absorbent component), kaolin.

Expressed in patent claim language, a
particularly preferred embodiment of applicants' SO,
additive systems will comprise a S0, — SO, oxidation
catalyst component and an S0, absorbent component

- wherein: (1) the S0, — SO, oxidation catalyst is
comprised cof a metal selected from the group
consisting of a metal having an atomic number of at
jeast 20, a metal from Group 1B of the Periodic
Table, a metal from Group 11B of the Periodic Table,
a metal from Groups III to VIII of the Periodic
Table and a rare earth metal of the Periodic Table;

(b) a binder selected from the group of metal-

and

containing compounds consisting of calecium

aluminate, aluminum silicate, aluminum titanate,

aluminum zirconate, zinc titanate, magnesia,

alumina, aluminum-containing metal oxide compound,



.1 March 2002 17. The quid SOx additivc systemof claim3, wherein the
SO~-~SO7~ oxi dation catal yst particle conprise-ise fromabout 10 to about 90
wei ght percent of said SCE= additive system 18. The fluid So additive
.system of claiml ) wherein said fluid SO additive system cogmfdrSgi2f r om
about 0.5 to about 10.0 wei ght percent of3@-bul k hydrocarbon cracking
catlyst SO additive system 19. A fluid SO additive system conpri sing

SO - DSCs oxi dat j9amsaual vidRuide| eslapd atr&oRiabsarhemiparsiches,
wherein (1) the SOz.aSO~, oxidation catalyst particles conprise: (1) a

SQL- ~SO~ oxi dat ¢bay¢ ahalspéia teonpat 8rsa bf aa'ldnagaﬁgn@re%itﬂﬁ endurdpeichf at

| east 20. a netal from Goup |b of the Perjodic Table, a netal from G oup
2b of the Periotfcem@dioyed aet allEx SRR EBtHsEe | MRS FRERoRDAYE p&fi odi ¢
Table and a rare_earth_netal .of ihe. i Qdi . Tad ( bin sel ected
fromthe group %?lﬂ%%alp-e&frﬁpﬁl n?%bﬁéggﬁ%o%n) S'%%’lrolc'isiés??fré\ig %% E‘Pﬁﬁi ﬂ%}an
silicate, alum gyt hiangl fgngl pedew za1eQDake (RORES); UE:A UNpHate
magnesi a. al umna al um ni umhydroxi de clay zirconia titania silica. clay
phosphat e naterg@| #nsbhpshnaesmpenant whath)ia @miojedlay aldpa s ains
no nore than about 10 wei ght percent al um num hydroxide and nore than about
C 10 wei ght peraxsdt dastdnga (Zx0m ) EhantSo; (2> e SSldatiehenatpdmtstc| es
are physically separate andQ distinct frop the SCE-S?OQ 0 idat&on cat al yst
particles and GSFPIRAAE (AN SORBEASeRi d&sef eBEER Y rONHEReSEEEG ed

consi sting of nesi.a al um a | G oxl #e Y.a s Lt _material
sel ected from %“@ro‘%be ogn“r?gfpal Q%)FI esgd%g%]sigﬁi ng é%ﬁahesggg%éhai’m na,

si lica) kaolingl@yiyditanidingtay/ phosphite mokediedl amgdzbegopiaeand)
which. if enployed at all. contacts too nore than about 10 wei ght percent
silica and as myardthit stboulild weomhoupdsceandksoldas camy.o@Oidhelf | uid

SU, additive systemof claiml9 wherein the S03-~rSO _oxidation catalyst
particles contdngzedianl, selPdéed FPBRALRE grdup TORBPEEI ng'dFeESREuUm

o B | AT MG USSR 50O U
| of calcium aluminate, magnesia, alumina, silica,
kaolin clay, titania clays, clay/phosphate material |
and zircomia and, which, 1if employed at all,
contains no more than about 10 weight percent silica

and no more than about 50 weight percent kaolin

clay.



.61 1 March 2002 21. The fluid SO ~ additive systemof claiml9 wherein the
SO, - ~SO~ oxidation cyst particle are conprised of c-.,via and vanadi a.
22.'lhe fluid SCs additive systemof claim 19, wherein the binder of the
.SQOz- 3S09 oxi dati on catal yst conponent is conprised of a s ﬁ ﬁghghbon of
magnesia and alumna :3. The quid SO additive of claim 19 mﬁerern t he
oxi dati on catal yst conponent contains no alum num hydroxi de sad no al ui ni aa
(~~C)3). 24. The fluid SO additive systemof claiml9 wherein the S03
absor bent conponent further conprrses a hardenrng agent 25. The fluid SO
HEC8C Nt

additive system of g B )
conpri ses a hardening agent selected fronrthe group consrstlng of al um num

silicate nagnesrunralung@gig6g&gﬂg&kﬁgﬁﬁﬁkﬁg§gl%§tﬁ%%ghaﬁh:ggte and
sepiolite 36. The fluid Tve system cl al erein the SO
absorbent particles fTHet hegetatiriesespaofortici¥3 oxif. daheon catdbust chat
is used i.n addition to the SO - Q609 oxidatign catalyst in the 50.,-350

oxi dati on catal yagrpdientiscyin2apphicantsd $O1L iaddi tf'VéCé'ysFéﬁﬂéﬂ-O@I aim

19 wherein the SO, absorbent conpoﬂ nt further_co rrsgi a SQz-
oxi dat i on catal9@@0§§P§éP@§'froﬁF% gr &5 cor®¥ttng &f%ceritt atlve

chr omi um ni Ckel PEEPREF GRRseP GfierS $RRERYRRER i CHAIORER (P8SGs 1y

$uid SO ~ addltégfc§éggeanh<§ﬁ3dﬂéé%mﬁ@r§ln i het Hed mdlksedisnd r60apDNENt
further conprrses a 03 oxidation catalyst that has a vanadi a

conponent. 29. dJhecitued 8@ p@ﬂletvefsymﬁemkn cvhiahlo appk etanthe S~
absor bent conponent further co rises T%%%écg %poxrdatlon ﬁataLyst t hat
has a vanadi a conpduehs éﬁ&faué Qmatéﬂgbr Bip&iETt dt2ethas a nesi a
conponent. 30 The_ fluid %ﬂg [PYAISY of &l & L

SOa- - S09 oxi datF@h-e%F al 5™ cd gycxfsﬁﬁ gelﬁhgonp %g%mh? 8§Qleas

separate and di g{ingi,pagphighe3eSpeeig@®dient (s) that are used to

applicants’ initial, wet, reaction

create
compositions will be virtually completely driven off
during applicants' subsequent spray drying and
calcining steps. Indeed, many of thess ingredients
will undergo a change in their chemical identity as
a result of applicants' calcination step. For
example, magnesium acetate, carbonate, nitrate, etc.
ingredients will. each be converted to magnesium
oxide as a result of the calcination step of
applicants' overall manufacturing process. Thus,
TABLE II below gives the broad ranges and the
| preferred concentration for the various ingredients
that comprise applicants' post-calcined, "dry", end
pfoduct S0, additives. It also should be understecod
that many optional ingredients (other than optional
.hardening agent ingredients that take the form of
metal oxides) can be used to enhance the

manufacturing of either the SO0, — S5O, oxidation



.31. The said SO= additive systemof claim19 wherein the SO- absorbent
conponent is itself conprised of at |east two separate and distinct
particle species 62 1 March 2002 32. The fluid SOx additive system of
.claim 19 wherein the S~=~Sa3 oxi dati on catal yst conponent f“%‘*ﬁﬁm§03

absor bent conponent are each m crospherokdal- particles sui

circulation in an FCC L-aic in adm xture with at |east one nicrospheroi dal
particle speci egawadssPredmronduncedrobhes SO easatprntaldympsele 301

hydr ocar bon feedstock 33. The fluid SO~ additive systemclaim19 wherein

t he SO-- SO oxi dappdn ceat ysE0comserdnivai §VBREMSO absPredeatoxvipoadnt are
each pellers . 34.The fluid SOx addlllyg %gstenlof cgg|n119 wherein the
SO-- - ~SQy oxi datNEREdERANSt TEehTonertCS BHGT t het E03S &b ¥or RERARCSHNp RSt are
each pellets of uit f se f D ta m 3a.
The fluid SO adﬁ??l vgqs?%st g%motf% claéatdfln 19&\§th§| n a?:heegs%a g oxﬂh'&% ion

cat al yst COWD”@@ﬁaMgmd&ﬁttltl&é Of abrutabfutiel 9B RESHenNt 207 wadightSO
additive system 3h. The fluid So additive systemof claim 19 wher€in said

SO additive syspencentprifsas dirwan abeoelt " 0rsacsiapomiazute wei §htr méreent of

a bul k hydrocarbon cracki ng _catal yst $0O- aQ~C i1 g{ SyStcm
A 9. AY. A A8l . B AsIDAFE, . AQWSKAF AQPORSy . REEACR2A | ARSI, Af As. A A

Ny R R ey Lo b, P B A 86 Pl ik A

Yl . A9
manufacturing process, but will be completely driven

off by applicant's spray drying and/or calcination
steps. In any event, regarding the ingredients that
are found in applicants' post-calcined materials,

the preferred concentrations thereof are:

JABLE I
80, Additive Systems

S0, — S0, Oxidation We. % We. %

Catalyst Component Range Preferre

S0, — S0, oxidant 5 to 95 30

Binder material 5 tq 95 70
Total 100% 100%

S0, Absorbent

Component
SO, absorbent . 5 to 100 60
50, Support 5 to 100 30

Optional Hardening
Agent Ingredient(s) 0 to 20 8

Optional SO, — SO,
Oxidation Catalyst
Ingredient 9to S 2

Total 100% 100%
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crav Drvia parasi

Whan they are used, the spray drying processes
used to crzate microspheroidal forms of applicants’
S0, = SQ, oxidént catalys:t components and SO,
absorbent components each can be carried out by well

known techniques. Generally speaxking, such spray

drying should be designed to produce microspheroidal

particles having a range of sizes such’ that

essentially all such particles will be retained by a

Standard U.S. 200 mesh screen and essentially all

such particles will be passed by a Standard U.S. 60

mesh screen.

Qpk ional Drzi ng Procedures

Ir should also be noted that in addition to a-

spray drying step that may be wused to produce

microspheroidal forms of applicants' SO, — 80,

oxidation catalyst components and SO, absorbent
components, the hereindsscribed manufacturing

processes may be further enhanced by use of separate

and distinct drying steps. They normally will be

carried out after the drying which naturally results
from the spray drying step (or from those other
steps used to produce pellet forms of

Such additional drying will

rying
applicants' materials).
further serve to remove any remaining traces of the
liquid medium used to create the reaction mixtures
which may be still present in the interstices of the

particles and/or associated with such materials as

water of hydration. Drying times for such distinct
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step - at temperatures ranging from about 600°C to
about 700°C (preferably at atmospheric pressure) for
from about 20 minutes to about 60 minutes, and mcst

preferably at about 650°C for about 30 minutes.

(@ ra
Measurements of the absorption rate of SOy on
various experimental additives ware obtained on a

modified thermogravimetric analysis unit (TGA). The

equipment consisted of a Polymer Laboratories STA

1500® thermogravimetric unit coupled with a

microcomputer. Generally speaking, approximately 10

milligrams of a given sample was loaded into a

ceramic sample boat and heated under various

conditions. SOy pick-up was normalized to the weight -

point where SOx gas commenced to be

at the

introduced. The composition of the SO; mix gas
employed was usually 2000 ppm SOz, 5% COz, 1% O,
with the balance being nitrogen. In ths case of

tests of SO, — SO, oxidants, mixtures (e.g., 50/50

mixtures by weight) of an absorbent and an oxidant

were used and the weight of the SO, picked up the

absorbent was measured. In general, when the

objective of the experiment was to test an SO, — SO,
oxidant, a standard absorxrbent was used; this

standard absorbent was prepared by the process

described in Example

unsupported magnesia powder was employed.

1. In other experiments,
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On the other hand, when the purposs of an

experiment was to test an absorbent, a standaxd

oxidan:, prepared as described in Example 7, was

used. The results of the TGA experiments were taken

in two forms. In one, the percent weight change

after two hours of exposure to the S0, gas mixture

was measured. This result gave the maximum

absorption capability of the mixture. 1In the second
form of reporting the results was a calculation of
the initial rate of absorption; these results wers

expressed as the % change in weight of the sample

per minute. To these ends, applicants established

certain criteria based on the TGA results that must

be met by a SO, additive if it is to have commercial

viability. For example, applicants have found that

a S0, additive must have an initial pick-up rate of
at least about 0.10 percent per minute in such

tests, it also preferably will have a maximum

absorption of 40% by weight and lastly it must be

regenerable. That is to say that after it reaches

its maximum gain in weight it must rapidly return to

the base line when hydrogen is passed over the

sample. Applicants have also found that if a SO,

additive has a maximum absorption greater than 40%,

this improvement 1s not always realized in

commercial operations. For example, applicants

developed an additive that had a maximum pickup of

70% on the TGA; in commercial trials however this

material did not perform any better than an additive

with a 50% maximum pickup. That is to say there was
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no corresponding reduction in the amount of additive

required to remove a certain amount of SO,.

Comparisons with Certain Prior Art
Single Particle Species. SO Additives

Applicants conducted various tests aimed at

comparing the multi-particle, 850, additive systems
of this patent disclosure with various prior art,
single particle, SO, additives. These comparative
rests were largely based upon comparative TGA tests.

By way of example only, the results of some of these

tests are summarized in TABLE III.

IASLE IIZ
Composition Percent Increase in Initial Rate - -
mass after 2 hours of Absorption
(weight percent) (weight percent
: /minute)
Single Particle 61 1.9 ——
sO, Additive -
Dual Particle 48 1.5
Sample A*
Dual Particle 53 1.6
Sample B* '
Dual Particle 52 1.6
Sample C* '

*Note that the following statements help to
better describe the Dual Particle samples:
Sample A: Sample A was comprised of a mixture

of absorbent particles from Example 1 and oxidant

particles from Example 7. The mixture contained 50

weight percent absorbent and 50 weight percent

oxidant.
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Sample B: Sample B was comprised of a mixture

of apsorbent particles frem Example 2 and oxidant

particles from Example 6. The mixture contained 50

weight percent absorbent and S50 weight percent

oxidant.
Sample C: Sample C was comprised of a mixture

of absorbent particles from Example 3 and oxidant

particles from Example €. The mixture contained 50

weight percent absorbent and S50 weight percent

oxidant.
Tn all cases, the initial rate of absorption

was determined for the first 15 minutes of SO,

pickup.

other Findings re: Comparative Tests

Applicants' comparative experimental program

also established that many hydrocarbon cracking

catalysts commonly used in FCC units display some,

albeit limited, ability to absorb SO,. This is

probably due to the widespread use of certain active
forms of alumina in many FCC hydrocarbon cracking

catalysts. Applicants believe that the limitations

on the ability of these materials to absorb S0,

generally follows from the fact that there are no

— S0, oxidant catalyst materials in such

S0,
hydrocarbon cracking catalyst particles. In other
words, applicants concluded that many hydrocarbon

cracking catalysts could also serve to absorb S03 if
a oxidation catalyst for converting SOz to SO3 also

were used in conjunction with the hydrocarbon

ecracking catalysts. Applicants also found that this
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can be achieved even when at least one oxidation

catalyst 1is not physically associated with an S0,

absorbent in the same additive particle and not

physically associated with a hydrocarbon cracking
catalyst in the same particle. Several of
applicants' experiments confirmed that all of this

was indeed the case. When applicaats' SO, absorbent
materials were in fact added to such hydrocarbon
cracking systems, it was found that a wide variety

of FCC hydrocarbon cracking catalyst (and especially

bottoms cracking systems) also serve to absorb SO,

while still performing their hydrocarbon cracking

function - if sufficient capability to catalyze the

conversion of S0 to 8§03 exists in the overall

catalyst system. Applicants also found that their

S0, additive systems can provide this "extra" S0, to
S0, oxidation function particularly well when they

are used in admixture with hydrocarbon cracking

catalysts and can, therefore, form the basis of

particularly effective
catalyst/sS0O, additive systems - and especially those
90-99.5% by

hydrocarbon cracking

comprised of a major amount (e.q.,
weight - on a dry weight basis) of a bulk,

hydrocarbon cracking catalyst and a minor amount
(e.g., 0.5-10% by wéight on a dry weight basis) of

applicants' SO, additive system.
Expressed in patent claim language such methods

for extending the useful life of a S0, additive

system having a SO, — S0, oxidation catalyst

component and a SO, absorbent component will

comprise: (1) employing the SO, additive system in
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the form of a-= 1least two physically distinet
particle species wherein a first particle species
contains the SO, — S50, oxidation catalyst component
and carries out ‘a primary function of oxidizing
sulfur dioxide to sulfur trioxide and the second
particle species is physically separate and distinet
from the first particle species and carries out the
function of absorbing the S0, produced by the so, —
S0, oxidation catalyst component; (2) employing the
SO, —> SO, oxidation catalyst component in the form
of first particle that comprises: (a) a sulfuxr so,
— S50, oxidation catalyst comprised of a metal
selected from the group consisting of a metal having
an atomic number of at least 20, a metal from Group
1B of the Periodic Table, a metal from Group 11B of
the Periodic Table, a metal from Groups III and VITT

of the Periodic Table and a rare earth metal of tha

Periodic Table; and (b) a binder selected from the

metal-containing compounds consisting of

group of

calcium aluminate, calcium silicate, aluminum
titanate, zinc titanate, aluminum zirconate,
magnesia, alumina, aluminum-containing metal oxide
compound, © aluminum hydroxide, «clay, zirconia,

titania, silica, clay, clay/phosphate material and

bastnaesite and which, if employed at all, contains

no more than about 10 weight percent aluminum

hydroxide and no more than about 10 waight percent

alumina (Al1,0,); and (3) using the S0, absorbent

component in the form of a second particle that

comprises: (a) a metal oxide selected from the group
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consisting o= calcium aluminate, alumina,

hvdrotalcite, hydrotalcite-like compounds, magnesia

and calcium cxide, and, as an optional ingredient, a

support material selected from the group of metal

cxides consisting of calcium aluminate, magnesia,

alumina, aluminum nitrohydrate, aluminum

chlorohydrate, silica, alumina, titania, kaolin

clay, clay/phosphate material and zirconia, and

which, if employed at all,
weight percent silica and no more than

contains no more than

about 10
about 50 weight percent kaolin clay.

Representative SO, Ahsorbent Systems

Example 1
An alumina/magnesium hydroxy acetate/clay
slurry was prepared by adding 2495 grams of Condea
P-3® alumina Sol to 10.29 liters of water containing
111 grams of B84%. concentrated acetic acid. The
performed under moderate agitation

additions werse

conditions. Thereafter, 2343 grams of Condea P3°

Alumina Sol, prepared in the manner noted above wer

added to 2523 grams of magnesium hydroxy acetate.

To the resulting slurry, 345 grams of Theile RC-32?%

kaolin clay and 800 grams water were added. The
resulting slurry was spray dried and the particle

products of the spray drying were calcined at 650°C

for 30 minutes in a muffle furnace.
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acatate. To the resulting slurry, 211 grams of

wvanadium oxalate and 800 grams of water were added.
The slurry was then spray dried and the resulting

particles calcined at 650°C for 30 minutes in a

muffle furnace.

xample 3
an alumina/magnesium hydroxy
acetate/clay/vanadium oxalate slurry was prepared by

adding, under moderate agitation, 2495 grams of

Condea P-3® Alumina Sol to 10.29 liters of water
containing 111 grams of 84% concentrated acetic

acid. The additions were performed under moderate

agitation. Thereafter, 2246 grams of Condea P3®

Alumina Sol, prepared as noted above, were added to
2419 grams of magnesium hydroxy acetate. To the

resulting slurry, 345 grams of Theile RC-32% kaolin

clay slurry, 211 grams vanadium oxalate and 500
grams of water were added. The slurry was spray
dried and the resulting particles calcined at 650°C

for 30 minutes in a muffle furnace.



-t Y+010%@ER () NS' | [NA410 "10 "10 " rj@5'10%"& ()- % @ 10%N) & ()-

Y10%"& ()-G Y' @0%"& () Ty, 10% " & ()- (| [NA410! 10! 10! ES#10% & () - 5

SH10%N & ()-5 SH109& ()-5 S#10% ")& ()-5 10%"& ()-3"/vU4 " @ov@® () -

- 10%@&' () -10@3aL0@gal0 @@ 10@@E&f()- Y"' @LOY@®' () - LSlOOQE?W%} 4§REFXvU4

109 & () - s&lO@@&f() | 10@aL0@AL0 @D @EL09&R% ()-/ @BLOY&

L& 109@&' ()-yyWsvUd H - @0%! (& ()-3 'e - @O%EJEd& ()-3 Z10% ()-m @

Z10% & ()-m! 210%> ?2 & ()-m!Z10%& ( {naT3

B10%&' () - 10- - 10- "19_n"aM1'n@IQ% i& (r)aSS Firs Ogeri_?_ceg rgéd by adding
2495 grams Condea P-3 Alumina Sol to 10.29 liters
water containing 111 grams 84% concentrated acetic
acid. The additions were performed under moderate

agitation conditions. Next, an aqueous slurry.of

magnesium silicate (R.T. Vanderbilt Ceramitalc No.

1) was prepared to produce a 37% solids

concentration. The resulting slurry was reduced in

particle sizs using a commercially available

attritor mill. The duration of milling was

determined by the time regquired to obtain an average
particle size of 2-3 um. 2343 grams of Condea P3

alumina sol, prepared as noted above, was added to

2523 grams of magnesium hydroxy acetate. To this
slurry, 490 grams of the magnesium silicate slurry
and 800 grams water were added. The completed

slurry was spray dried and then calcined at §s0°C

for 30 minutes in a muffle furnace.

g 5

2501 grams of P3 alumina sol was added to 2023
grams of magnesium hydroxy acetate. To this slurry,
409 grams of cerium nitrate was added; this was
followed by the addition of 213 grams of wvanadium
oxalate and 382 grams of Theile RC-32 kaolin clay
sluzrry. The slurry was spray dried and then
calcined at 650°C for 30 in a muffle furnace.
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epregentatbivae S0, — SO OQOxidant/sSinder Svsrems

Exanple 6
2092 grams of P3 alumina sol was added to 1692
grams of magnesium hydroxy acetate. To this slurry,
897 grams of cerium nitrate was added; this was
followed by the addition of 382 grams of Theile RC-

32 kaolin clay slurry to the system. The slurry was
spray dried and then calcined at 650°C for 30

minutes in a muffle furnace.

:"Szmp I a7
1864 grams of P3 alumina sol was added to 1508
grams of magnesium hydroxy acetate. To this slurry,
897 grams of cerium nitrate was added; this was
followed by the addition of 448 grams of wvanadium
oxalate and 382 grams of Theile RC-32 kaolin clay

slurry. The .sluiry was spray dried and then

calcined at 650°C for 30 minutes in a muffle

furnace.

E 2 8

A commercially available oxidation catalyst

sold under the trade name COP 850 was used as an

oxidant. This material consists of 850 ppm of

platinum impregnated on a substrate of alpha

alumina.
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produced by mixtures of absorben:t particles and
oxidant particles. The Thermogravimetric Analyzer
previously described was used as the SO, pick up

measuring instrument. The SO, absorbence results of

the various mixtures ware compared to those produced
by a single particle. These measurements are

summarized in the following Table IV:
TABLE IV

Test Sample Made

According to Example  Absorbent  Qxidant

5 Single Particle
"] 50% Bx. 1 50% Ex. 7
10 50%¥ Ex. 2 50% Ex. &6
11 50% Ex. 3 50% ExX. §
12 50% ExX. 4 50% Ex. 6
13 75% Ex. 2 25% BEx. 8
Test
Sample
Made
According
to Increase in mass Initial rate of
Example after 2 hours, % wbt, Absorption., % wk/mir.
5 63 1.5
9 51 1.8
10 57 1.7
11 53 1.7
12 55 1.7
13 55 2.0
Representative SQ, —> S0, _Oxidant in Clav-Phosphate
Binder Svstems

Example 14
A clay/phosphate/cerium nitrate solution was
prepared (according to the general teachings of U.s.

Patent 5,190,902) by adding 1403 grams of Theile RC-
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added. The slurry formulation was then spray dried

and the resulting particles calcined at 650°C for 30

minutes in a muffle furnace. The calcined particles

were then mixed with magnesium oxide in a 50/50

weight percent ratio and the resulting material

analyzed by a TGA test that showad a SO, absorption

rate of 0.21% per minute for the end product

material.

Example 19
A clay/phosphate/cerium nitrate, vanadium .
oxalate slurry was prepared by adding 1340 grams of
Theile RC-32%® kaolin clay slurry to 1795 milliliters
of water in a high speed mixer. To this mixture,
192 grams of phosphoric acid was added. Thereafter,

431 grams of cerium nitrate solution and 232 grams
added to the

of vanadium oxalate solution were

slurry. The slurry was then spray dried and then

resulting particles were calcined at
The calcined particles

6€50°C for 30

minutes in a muffle furnace.
were then mixed with magnesium oxide in a 50/50
weight percent ratio and analyzed by TGA tests.
These tests indicated that the resulting material

produced an SO, absorption of 0.27% per minute.
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vampla 1

A clay/phosphate/cerium carbonate slurry, was
prepared by adding 1403 grams of Theile RC-322
kaolin clay slurry to 1200 milliliters of water in a
high speed mixer. To this mixture, 152 grams of

phosphoric acid was added; thereafter 277 grams of

cerium carbonate were added. The completed slurry

was spray dried and the resulting particles calcined

at 650°C for 30 minutes in a muffle furnace. The

calcined material was then mixed with magnesium

oxide in a 50/50 weight percent ratio and analyzed

by the TGA tests, which showed a SO, absorption of

0.15% per minute.
Collectively, Examples 9-13 show that a

physical mixture of an absorbent (Examples 1-4) and .

an oxidant (Examplés 6-8) give the same SO, removal

as a single particle (Example S5). Example 9 is a

mixture of alumina/magnesia absorbent with kaolin

clay used as a hardening agent mixed with an oxidant

containing ceria and vanadia (Example 7). Example

10 is a mixture of an absorbent (made according to
Example 2) in which one of the oxidants, in this

case vanadia, is included with the absorbent; the

other oxidant, ceria, is in the particle in

admixture with the absorbent (made according to

Example §6). The significance of this experiment

lies in the fact that while vanadia is a minor

component in the additive system it is considered to
be a catalyst "poison;" hence, including it with the

magnesia/alumina insures that it is immobilized and

a2
N

thus cannot be transferred by sublimation from th
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SC, additive mixture to the host catalys:. Example
11 is identical to Example 10 with the exception
that kaolin clay is used as a hardening agent ia a
magnesia/alumina/vanadia absorbent. Example 12 ig
the same as Example 9 except that magnesium silicate
is used as the hardening agent instead of clay. 1In
Example 13 a commercially available oxidation
catalyst consisting of platinum on alumina is used
in place of the ceria oxidant. The significance of
this example is that many FCC units are already
using a platinum promoter to convert carbon monoxide
to carbon dioxide and this same material may also
serve to convert sulfur dioxide to sulfur trioxide

and thus the need for a ceria oxidant can be greatly

reduced or eliminated entirely.

Example 17
A calcium aluminate support for a S0, - S0,
oxidation catalyst component was prepared by first

making an alumina sol consisting of adding 2495

grams of Condea P-3 Alumina Sol and 10.29 liters of

water containing 111 grams of 84% concentrated

acetic acid. In a separate container, under

moderate agitation conditions,
calcium carbonate was added to 2 liters of water.
4876.9 grams of the previously

sol was added. The resulting

581.8 grams of Huber

To this mixture,

prepared alumina
slurry was spray dried and the particle products of

the spray drying were calcined at 650°C for 30

minutes in a muffle furnace.
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Example 13

An SO, absorbent compaonent containing
hydrotalcite was preparsd by first preparing a gel
of alumina consisting of 189.0 grams of Condea SB

Alumina, 28.3 grams of 74% concentrated formic acid

and 917 ml of water. In a separate container, under

moderate agitation conditions, 808.2 grams of

LaRoche hydrotalcite was added to 1147 milliliters

of water. To this mixture, 1512 grams of the

previously ©prepared alumina gel was added.

Thereafter, 362.1 'grams of Theile RC-32 kaolin clay

slurry was added to the resulting slurzry. The

resulting slurry was spray dried and the particle
products of the spray drying were calecined at 650°C

for 30 minutes in a muffle furnace.

Calcium aluminate is a particularly effective
material for the practice of this invention in that

it is capable of serving both as a binder (or

support) for the SO, — SO, oxidation. catalyst

component of the SO, additive system and as a SO,

absorbent component as well. In other words,

calcium aluminate is a binder material that also has

SO, absorbent capabilities as well. Hence, it can

serve especially well as a binder for other SO,
absorbent materials such as hydrotalcite that are

used to make the SO, absorbent component of the SO,

additive system.

While this
respect to various specific examples and a spirit

invention has been described with

which is committed to the concept of the use of

multi-particle SO, additive systems, it is to be
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1. A fluid SO, addigye systemn comprsing S0.—50,
oxidatjon caralyst pardcles aad SO, absarbemr parvicles
wheypa(n:

(1) the S0,—S0, oxidarion catalyst paricles comprise:
(2) 2 SO,—-80; axddation caralyst comprised of a metal
selected from the group consisting of a metal having aa
atamie number of at l=ast 20, a metal from Groop 1b of
the Perjodic Table. a meral from Group 2b of the
Periodic Table, a metal from Goonps IH to VI of the
Periodic Table and a rare carth meta} of the Perdodic
Table; and () a bwnder selected from the group of
metal-coptaining compedads coasisting of aluminum
silicare, aluminum vtanate, aluminum zirconate, mag-
nesium aluminare, magnes:ia, alumina, aluminum
hydroxide, clay. zirconia, Hrania. silica. elay/phosphate
marerial, basmaesite and which, if employed ac all.
contains no more than about 10 weight percent alumi-
nurs hydroxide asd po morc than about 10 weighe
percent alumina (Al,0,); and

(2) the SO, absorbent particles are physically separate and
distinct from the SQ,—S0; oxidagon caralyst particles
and comprise a meral oxide selected from the group
consisting of magaesia, alumina and calcinm oxide.

2. The Anid system of claim 1 wherein the SQ,—S0,
- oxidation cataly st pardieles contain a matal selectad from the
‘group cogsisting of cerinm, vanadivm, platinum, palladium,
rhodiom. molybdenum. Rringsten. copper, chromium, nickel,
manganese, cobalt, iron. ynterbium. and wanium.

3. The fluid SO, additive system of claim 1 wherein the
$0,—S50; oxidauon catalyst particles arc comprised of

¢eria and vanadia.
 4.The fluid SO, additive system of clailn 1 wherein the
binder for the SO,—-S0, oxidation catalyst particles is
comprised of 3 solid solugion of magnesia and alumina.

5. The fluid SO, additive system of claim 1 whereia the
oxidation catalyst particles contain ne aluminum hydroxide
- and no Mumina (Al;0,).

6. The fluid SO, additive system of claim 1 wherein the
SO, absarbent particles further comprise a hardening ageat
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7. The fluid 30, additive system of claim 1 wheren the
SO, absorbent particles further comprisc a hardeaing agent
selacted from the group cosmsisting of Auminum silicate,
magnesium aluminate, magnesinm silicate, magnesinm cal-
clum silicate aad sepiolate.

8. The fluid SO, additive system of claim 1 wherein the
SO, sbsarbent particles further comprise 3 SO,—80; oXi-
dagon catalyst that is used in addinon to the SO,—S0,
axidation catalyst in the SO,—80, oxidation particles.

9. The fluid SO, additve system of claim 1 wherein the
SO, absarbenc particles further comprise 3 SO,—S0, oxi-

 danop catalyst sclecred from the group consisting of cerium,

- vanadiom, platnum, palladium. rhedium, molybdeaum,
mungsten, copper. chromium. nickel, manganese, coball,
froa. ytterbium, and wraniumm

10. The fuid SO, additive system of claim 1 whezain the
SO, absorbent particles further comprise a3 SO,—S0; oxi-
dation calalyst that has a vanadia componant.

11. The fluid SO, additive system of claim 3 wherein the
SO, absarbent particles further comprise 3 SO,=»50; oxi-
dation catalyst that has a vapadia compoaent and a SO,
absorbent componeat that has a magnesia component.

12. The fyid SO, additive system of claim 1 wherein the
SO,=S0; oxidatiop caralyst paticles are themasclves come-
priscd of ar least rwo separate aad distinct parmicle species.

~ 13. The finid SO, additive system of claira 1 wherein the
SO, abserbent particles ars themselves cormprised of at least
two separale and distinct pasticle speaies.

14. The fluid SO, addinve system of claim 1 wherein the
SQ,—-S0, oxidation catalyst particles and the SO, absor-
bent particles ars each microspheroidal, particles suitable for
circylation in an FCC unir in admixture with at [eust one
microspheroidal pasticle species whose primary funcgon is
to catulytically crack a hydrocarbon feedstock.

15, The flmd SO, additive system of claim 1 wherein the
S0,-»S0, oxidation catalyst particles and the SO, absar-
bent particles ares each separate and distinct pelices.

" 16. The fluid SO, addidve system of claim 1 wherein the

' §O,->SQ, oxidarion catalyst particles and the SO, absor-

- benr pagticles are cach separafe and disunce pellets of a size
suitable for use 18 a fluid bed canlyst system.
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17. The fluid SO, additive system of ¢laim 1 wher=in the
SO.—»50, oxidation caralyst partcles comprise from abont
10 ro abour 90 weighr perceat of said SO, additive system

18, The fluid SO, addidve systemn of claim 1 where{n said
fuid SO additive system comprises from about 0.5 1o about
10.0 weighe pereeat of a bulk hydrocarbon cracking catalyst/
SO, additive system.

19. A fluid SO, addidve system corpprising SO,~»S04
oxidation caralyst particles and an SO, absorbent particles
whertia: .

(1) the SO,=S0; oxidation catalyss particles camprise:
(1) a SO,—80; cxidadon caralyst comprised of a
meral having an atomic aumber of at least 20. a metal
from Group Ib of the Periodic Table, a metal from
Group 2b of the Pariadic Table, a metal from Groups [T
to VI of the Periodic Table and a rave earth metal of
the Pericdic Table; and (b) a binder sclected from the
group of meral-containing: coropoynds consisting of
aluminum silicate, aluminum titanare, aluminom
zircopate, magnesium aluminate, magnesia, alumina,
alumiaum hydraxide, clay. zirconia, Gtania, silica. clay/
phosphate maierial and bastnaesitc and which. if
cmployed ar all, coataias po mare than about 10 weight
percent aluminum hydroxide and no more thaa about
10 weight percent alumina (Al;0,); and

(2) the SO, ubsarbent particles are physically sepamate and
distinct from the SO,— S0, oxidation catalyst particles
and comxises: (a) 3 metal exide sclecred from the
growp cogsisting of magpesia. alumina and calcium
oxide and (b) a support matcrial selected from the
group of metal axides coasisting of magnesia, alumina,
silica, kaolin clay. nrania. clay/phosphatz material and
zivconia and, which. if employed at all, contains no
more than about 10 weight pereent silica and no more
than about 50 weight percear ksolin clay.

20. The fivid SO, sdditve system of claim 19 whereia the
S0.=»S0, oxidation catalyst particles contain a meral
selected from the group consisting of ceritm. vanadiim,
platinum, pallsdium. rhodivm. molybdesum. tungsten,
copper, chromjum. pickel, mangancse. cobalr, iron.

ytterbium. and wraunm.
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 comprised of a salid soludon of magnesia and alumina.

23. The fluid SO, addidve of claim 19 wherein the
oxidaron catalyst component coptains no alvminum
hydroxide and no alumina (Al205).

24. The fluid SO, additive system of claim 19 whereain the
SO, absorbent compoazar furthes camprises a hardening
ageat

g25. The fuid SO, additve system of claim 19 wherein the
SO, absorbear component further camprises 3 hardening
agent selected fom the group cousistng of alyminum
silicars, magnesinm aluminate, magaesivm siicate., calaum
silicate and sepiolite. . '

26. The fuid SO, additive systzm of clama 19 whersin the
SO, absarbent parricles further corapsise a SO,—S0; oxi-

" dation cualyst that is used in addition to the S0.—50;
oxidanon catalyst in the S0.—30; oxidation ¢atalyst par-
27.The fluid SO, additive system of claim 19 wherein the
- SO, absorbent camponear further comprises 2 SO0,-80,
oxidaton catalyst selected from the group consising of
cerium. vanadium, platinum, palladium. rhodium,
molybdenum. tungstsn, copper. chromuum. nickel,
manganese, cobalt, iron. yrarbium, and wragivm.

28. The fluid SO, addigve systetn of clalm 19 whesein fe

* SO, absorbent comapenent further camprises a S0O,—S0,
axidation catalyst that has a vanadia cormponeat. ‘

29, The fluid SO, additive systam of dlaim 19 wherein the
SO, absorbent component further camprises 3 SO,-S0,
axidadon catalyst ¢hat has a vanadia coraponent and a SO,
absorbeat componear that has a mmagnesia component.

30. The flvid SO, addifive systerm of claim 19 wherein the
$0,~S0, oxidation caralyst camponent is itself cornprised
of ar least two scparete and distinet paricle species.

31. The fluid SO, additive systern of claim 19 wherein the
SO, ahsorbent componest is itself comprised of at least two
separace and disgnct particle specics.
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32. The Buoid SO, addinve system of claim 19 wherein the
S0,—5Q, oxidation catalyst cormponent and the SO absar-
bent compogear are each microspheroidal, parteles snitable
for circulatios in an FCC uair in admixmre with at lcast one
microspheroidal particle species whase primary fuaction is
1o caralyrically crack a hydrocarbon feedstock.

33. The fluid SO, sdditive system of claim 19 wherein the
SO,—50, axidation citalyst component and the SO, absar-
bent coraponenr are each pelless.

34. The fluid SO, addidve system of claim 19 wherein the
S0,-S0, axidation catalyst component and the SO, absce-
bent camponent ars each pellets of a size suirable for use in
a fluid bed caralyst sysiem.

35. The Auid SO, additive system of claim 19 whercin the
S0,—80, oxidation catalyst compodcnr camprises fram
about 10 to about 80 weight perceat of said SO, addidye

system. '
36. The finid SO, additive system of clahm 19 wherein

said SO, additive systeru coraprises from about 0.5 10 abont
10.0 weight percent of a bulls hydrocarbon cracking catalyswy

SO, aqairive sysiem.



