; e3e6el 6bbbc| gpgl 6: I TI' WD 99/ 11372 PCT/ US98/ 16635 SOX ADDI TI VE SYSTEMS
-BASED UPON USE OF MULTI PLE PARTI CLE SPECI ES BACKGROUND OF THE | NVENTI ON
field ~f the Invention. This invention 5 generally relates to nmethods and
" conposi t iWALHMIY2r educi ng sul fur levels in flue gases generBEEHSI§16635
*hydr ocarbon catal ytic cracking units, coal and/or oil-fired power plants
and chem cal manufacturing facilities. 10 2 Description of
Sulfur is often a conponent of the feedstocks processed by mm’mmmmmf [al
facilities. It also is found in the fossil fuels used to power an
create process heat for such facilities. Hence, the sul fur 15 cdfft4l ned in
such materials has the potential to becone an atnospheric pollutant -
especially when it takes the form of those sul fur oxide gasﬁmmmmmmmwmmmre
part of the flue gases emtted fromsuch facilities. Such e
particularly harnful 20 to the atnosphere and, hence, are the Sifajopect of
extensi ve governnental re 8 é nly used met hods
“for preventing rel ease ob %ﬁ%m&é%f‘%gé%g @he at nosphere is
to capture themthrough 3 ability to absorb
t hem WD 99111372 -2 PCT/ US98/ 16635 For exanple, in the case of
recovering sul fur oxide gases from fl|ue gases generated by fluid catal ytic
cracking units (FCC unlts) ARV LY o e eddst ocks,

m cr ospher oi dal catalyst partlcles haV|ng chem cal_activities toward
sul fur ' oxi delgaseZFigdd ciof Tavenkianr e wi Thithe hﬁ%ﬁ@Epﬁérlca

particles used to ca 7out the petro ac g _functi.on.

hydr oca gbon crggﬁFﬁaiégfaf?git%%r§1CI%§H§§§Eof¥nQ CoFEPPs ﬁﬂ?‘ Eﬁﬁ "bul k"
or ~tFCC-~ cat abygbindhiherdlie Sukbue cpialfisle Pgddes! gerirardd epyreferred
to as "SOx additives.™ During the hydrocarbon cracking process, a coke i ke

materi al that aydvocambannscatalytic cyraenibny iunﬂtssultaallsandhOalned in
t he petrol eum

(‘

oil-fired power plants and chemical manufacturing

facilities.

10 2. Description o 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

15 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
facilities. Such emissions are particularly harmful

20 to the atmosphere and, hence, are the subject of
extensive governmental regulation. One of the most
commonly used methods £for preventing release of
these sulfur oxide gases into the atmosphere is to
capture them through use of compounds that have an

25 ability to absorb them.



15 feedstock - is deposited on the SOx additive particles as well as on the

.FCC catal yst particles. Both kinds of particles, and hence the coke and-*

' sul fur deposited on them are carried fromthe FCC unit's reactor to its
cat al yst WR§¥HEat or. Here, 20 the coke, and whatever sul f RET{UH/14635
-contained in that coke, is "burned off" both kinds of catal yst particles.
The sul fur conmponent of such coke/sul fur2deposits forns sul fur oxi de gases

‘(e. 9.,

sul fur dioxide and sul fur trioxide which are often 25 collectively

referred to as SOx'Foxasxajiplen| des ehpt Gasg eherecSOerjagesswiniud be
emtted to the _atnosphere alpong with other flue gases given off by ' the
reger?é?éfegr q&°e3. grccg?b Yon&adfe cge?g’&f?'bg%xil&bé, Hhu¥dus

cat al yst

oxi des, etc.). I h iE didu rak,fagil it )

coal -fired pofeaft%p %\:n%s g%a%gggéaﬁ'{nm(mﬂgejmﬁg}: hn\%\%%Q/%ﬁ%@Z(:gC'l%ﬁ%/ 16635
-3 manuf act ur ipeg dllois) , SéXdsidoicksyes atervspakkyida oyedddiydte form of
| arger particles such as pellets that are not circul ated throughout the
faciliBy in tPentdrdhe? RAVABSpIHEITVRAL pactiigiiédess bovardt sarlfare used in
so-called "fl yj ed” or "fixed ) y systens. I n such st ens,

t hese cat al ystoxgléfﬁ e??%ﬁa rf‘l‘cl)%(gn thei ru%%dé'&‘[ i %ém*%EBFFon"élu‘fcrh re

| ocal i zed regiAlrodshePROsEd porbpbIEs ci nsukiat gd t Browghouyct hegntire
unit. These 10 fixed bed and fluid bed systens are usually provided with

so-cal | ed "swpegnodastior séradiistg priwiceiont e t hEhesae hiydrdchethosr fi xed
bed so that at | east one bed can be used to cagture SOx while at | east one

other bed is Sé‘ﬁﬁ%%é?%?ad]tlé?f FBBer’i’r%%"féssé\Fﬁg
t heyPﬂxﬁ‘?{"pr@Puﬁﬁcéw EHE?E?%%?'S e d e g@ﬁffurlggiﬁég-\lé%n t hough

the sulfur con

t hey

feenrcrefsrredntiog@sat i ons as

ained 1'n the fossi used to power—e power

pl ants and/ or pRr@dicde Praeesst hantrd ered@nt 6ok s Moo aghuitngekaei lities is
converted 20 into SOx gases in a manner sonmewhat difterent fromthat of FCC

units, the end resBuring t Hhesahydnentarkor aptraeking hepros&Xseni ssi ons can
and do enter, and pallute, the at ere., Many terials have_heen used to
or aF°g§'| r“@adif’é:e’:aa]sg%ﬁ'g% ssToPR f‘f%ﬁ?%ﬂ’ssuéh F‘HHEE‘FH al

prevent,
facilities.
nmetal oxide o

T smﬁ%ﬁﬁw bi AgsePERLNESt cohtiiesd @Piéﬁé{egekéoﬂgpﬁ@l ly a
ohe t al

Ind or another. Generally speaki ng, ese e oxi des

carryiput thefee88tocdpt ufi nis f udepositeyd f omm nype30 St al agditdires when

t hey are exposed to _SOXcontainjng gase

20

25

30

s, especially under high tenperature
particles as well as on the FCC catalyst particles.

Both kinds of particles, and hence the coke and
sulfur deposited on them, are carried from the FCC
unit's reactor to its catalyst regenerator. Here,
the coke, and whatever sulfur that is contained in
that coke, is "burned off" both kinds of catalyst
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 "SOyx" gases). Unless
captured, these SOy gases would be emitted to the
atmosphere along with other flue gases given off by
the catalyst regenerator (e.g., carbon monoxide,
carbon dioxide, nitrous oxides, etc.).

In other kinds of industrial facilities (e.g.,

coal-fired power plants and certain chemical



WO 99/ 11 372 -4 PCT/ US98/ 16635 conditions. A nore conplete identity of these
-metal oxides will be provided in |later portions of this patent disclosure.

. Regardl esg, o ir identity, however, 5 regeneration of "su " SoX
additive %é)r{%/%??s ‘ usual ly involves converting themf rom‘?':llﬁ'lréﬁ#9 eos?

-"contam nated" netal sulfate fornms back to their "uncontam nated"” netal
oxide forns. For exanple, in the case of 3% FCC unit, the metal sulfate
forms of 10 the SOx_.additive (that_are oduced..in the catal yst regenerator
unit) are circUPREECT AL ﬁﬂ?rét th Oé@eﬁéfd[itte‘d’erﬁ/drad??ar Bi&acdridt ki ng

catal yst, from | st e 04 £ URit Kk : E it's
hydr ocar bon cra%:m r(ga%:itg‘lortr'ggnggﬂli{bréf ?ﬁgd%cpg%?gﬁgg%s%%é' ofC i s
cracked and thepslldts ,thampomeat snof tdErS@kasddit tneopahbiugl e e
converted to hydrogen sulfide gas by the hydrocarbon/ hydrogen rich

at mosphere exi k3@l ity séBh theackeym 2 8fe IGO0 PR npersicilgiss, the 20

rotal sulfate aguponath eyl a-S00AM LhveshoeLeduaed, kLGS btal oxi de

form an t hus,” 1S made Teady for SubSequent "Teuse in

regenerator. Thesfwell ogriarsubhtdeyeas pyoeensd i n e JHEk rggstamsunit is
eventual ly captured and ultimtely reduced 25 to el enental sulfur i'n ways
wel | known to thlesshemitalyshgipembkety aerform theirasso,ofafidtdvieed or

fixed bed catalyst ', systens such as those used fo control SOx em ssions
from power pl at@CHIRNEEE HIRTS ??iﬁ%‘kl?%ﬁo?egeﬁﬁrﬁPBGSQQ f&ssing a

hydr ocar bon- cont ai nj ng: u %%ggu ddi L i ng Mals)
react or ' V\D%%%?@Z%%@S%%% - Elr gggn\eé?lgg‘?%n%ic ‘e.a?ﬁlg‘%e
operat pon al so RitaLHdd NENVEIYid hese spdadms WiatesSusDIy apAed:Hagt he
used, SOx additive pellets back to their netal oxide forns. Methane,
propane, and biidie $esealled WEWLNg FeInLRwHenwhashi mxrgvfiderrsoyeed to

I o bed syst HEF AEgh et B e TRt Hed T St rt 1RREF PBF process
being carried gdg MW bRIYWESEo 10aptutbe sy sl e Shze 19z dthesS0X
additive materials
other bed is being regenerated. Be these swing
15 reactor configurations as they may, they too produce
sulfur-containing flue gases. Thus, even though the
sulfur contained in the fossil fuels used to power
electrical power plants and/or provide process heat
for chemical manufacturing facilities is converted
20 into SO, gases in a manner somewhat different from
that of FCC units, the end result is the same;
unless captured, their SOy emissions can and do
enter, and pollute, the atmosphere.
Many materials have been used to prevent, or at
25 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
30 metal sulfates when they are exposed to SOy-

containing gases, especially under high temperature



bei ng used, and regardl ess of the nethod used to regenerate such materials,
-any given SOx additive systemnust performat |east three basic functions
with respect to the sulfur oxide gases they seek to 15 capture. First,

t hese SOwWQ@ABityve systens nmust oxidize So2 to SO, ; second,PGUESHSHEEE
-absorb the SO03 once it is forned; and third, they nust be able to "give up"
the captured SO, in order to be regenerated. The need to convert So2 to S03
“follows 20 fromthe fact that very few naterials are capabl e of both

absor bi ng S02 carlidricbng t hs? amdrengearel ¢l ghli denpet gt ofe thayyd tmensl Wher e
the SO= is created. There are, however, ,many materials (e. g., various
metal oxi des) oXigeSarwlbbt Rec R EAeA ABsorakerg BOFtiongdofi thsisandi ng
the high tenp ratuie %ch[lro Nt s where it is forned. In nost cases, these
metal oxides are alent” and/or trivalent nmetal oxides. For exanple,

magnesi a and/ or al weigagdiags beesf wi dehgienpl ayrchiase B0 SOpRRMIdY ves in
many different kinds of hydrocarbon catal ytic cracking systens) By way of
exanpl 8, U.S. rege@egetilicgiy20of6 "o fmosl"l &35 Rdddttives, paztdtdes
3, 835, 031; 4, 381,331; 4,497,902; 4,405,443 and 4, 369, 1%0 t each SOx
catal ytic andMSUadf¥or bdRYOAZEEYi t FRBVESFLPHr i ofibeRet af TOR deshetie prior

art also has lRgeLag grg_ie?:d hoah1o seifate féaﬁé &k r iy vanadi um

etc.) and ' their oxides g., ceria, vana can be enpl oyed in SOX

addi tive systemmcbatamdeatied" matede ddicier fadxtis iy For ogkdhnpeeS02nt 0 503.
| ndeed, it mght even be said that, to a very |large degree, the prior 10
art with respébe casesiof aefFeC &Hide Fherratralasuddrtexi fionns afd/ or

absorpents has, fqr th st _seyer decades,,. | ar.gel oncerped itself with
findiﬁg_ bettei%_@?%ﬁ%ﬁg&&c‘f%t(%ﬁaﬁ%ug BUEEIY o aEFE@gYﬁ%t als (e.
g., cerium vaBgdhumael® Ghfid) Wiid aldcargeen Ofneldhiexhee ELRTIAIS I
order to enhancé the resulting material's SOX catal yzi ng and/ or absor bi ng
capabi lities. rBgeremetald dniddesaaltsm areadoing tetaipystye fihen” thkease" of
the sul fur conmponent of "used" SOx 20 ,addjtives when it _conmes tinme for them

to be reduc'('adCB’ét?I"cYFB tﬁ%ﬁ"??ﬁ’éﬁ‘%ﬁ’roﬁn&& fBRFE. o theanpCe WRLt 'Pat ent
Use of rare eATAROSAFPE cran R meRhof [ aabHkaum e Sopgone (PO 1T
15 petroleum feedstock 1s cracked and the sulfur
components of the SOy additive particles are
converted to  hydrogen sulfide gas by the
hydrocarbon/ hydrogen rich atmosphere existing in
such reactor zones. As a consequence of this, the
20 metal sulfate component of a SO, additive is reduced
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 reactor
unit is eventually captured and ultimately reduced
25 to elemental sulfur in ways well known to the
chemical engineering arts.

In the case of fluid bed or fixed bed catalyst
systems such as those used to control SOy emissions
from power plants, the 80y additive is wusually

30 regenerated by passing a hydrocarbon-containing gas

through a 80, additive bed during a swing reactor



25 patent al so teaches use of alumna to absorb SO by form ng al um num
-sul fate in circunstances wherein the alumna is enployed in the formof a

.Separate ' @Pg ghs]ti nct particle species that is used in adm xture with
ot her parth &L at contain a SOz -3 30 SO, oxidant. To thess/usagis6635 he

* 978 patent states: "The SOX transfer catal yst of the present invention
WO 99/ 11372 PCT/ US98/ 16b3~ 7 preferablFg-includes a netal oxide such as
alum na to absorb SO, as sulfate. The al um na nmay be circulated as a
separat e parti ClPEeGRLRtSPsCYC SBpporihifsoropetation edsih serpeseib.
Preferably, 5 thgakym | t] formw th high surface area, which
I ncl udes synt het ?gggéun%aéfnﬁ%%%fm%xfﬁaeggf SPB.taF'G%@s Wy Wee| ugednat ur al
al unminas. " Ve soyl caddeeité capdyiapse hese tHat ¢hei 97 ent at |east,
in principle, recognizes that its 10 alum na SO, -a%}sgr br?%ggionﬁﬁﬁ ft "may

be circul ated &9¥BSsepMefthaner tpxdmane, atid Bataheo gaeds] nod e bhat the
Its alum na nay be "used as a

above-ogjot ed phrazltragq:g)es on to say t?at

support® far th8%r AYEEEETh SRFpIhEstts 13%%r USeHe t®78apuyemutyoekeon t o
say 15 that itsgec sal,umga I e .conponen can be further
supported on a%elgﬁgﬁfagﬁg%o?tfqo?a?rgt rs?)?‘ ﬁ?@%%%&é ot %ESEF wi¥e&0, or
SO~ to form subédter Fheidsbppoelstkme.the alum na and rare earth oxidation
conponent may be selected from20 silica, silical/alumna, zeolites,

ki esel guhr, celite RPIBFEHPAE. " VB h&he quexedtt hesatpassages frigpathe ' 978

pat ent becausey.. | he,teachings.of. this patent reference define
certain "poi ntJén%'?sgfe)%%%}t,\ﬁ]\r!éce%ﬁa{:eﬁﬁgpc?grégpaﬁpitsha&ﬁd regEint aswe 25
borden® of theofiovrk 23RRGIRI10Tgide bAVERL b desgsi in this patent
di scl osure. Therefore, the teachings of the '@‘78§%§f€§‘?€a 3ttier'F rated
herein in theitelmgi need, amd 9@ghi@i2ssB8_of SRRE CnethEal NVEDT ! O

regenerate such materials, any given SOy additive

system must perform at least three basic functions
with respect to the sulfur oxide gases they seek to

15 capture. First, these SOy additive systems must
oxidize SO; to SO,; second, they must absorb the S03
once it is formed; and third, they must be able to
"give up" the «captured SO, in order to be
regenerated. The need to convert SO, to SO3 follows

20 from the fact that very few materials are capable of
both absorbing S0; gas and withstanding the high
tLemperature conditions where the SO, is created.
There are, however, many materials (e.g., various
metal oxides) that are both capable of absorbing S0,

25 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 alumina have been widely employed as

30 SOx additives in many different kinds of hydrocarbon

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



PCT/ US98/ 16635 The present invention is based upon three conjunctive
-findings. The first finding carries applicants' invention beyond the
general teachings 5 of the '978 patent concerning the possible use of S0,
oxi dant c¥M®INMd{2particles that might be separate and di sti RET/USPHM6BHe
systemls SO, absorbent particles. The hereindescribed SOx additive systens
and processes - enploying at |east 10 oné-SOz --~ SO03 oxidation catal yst
conponent in a first particle species and at | east one SO absorbent
conponent in aPakedhd ParkAd3cl0d SpeRi 8357 @3ir & 318, 291} €458 96RO03Q, - -~

SO, oxidation cataly co nen f plicant's overall SOx 15 additive
system be phys?p%ﬁ%yiéap egaﬁﬁgdilggi n §acfr\?0 t‘hé: ,IHb’s‘erBF}yloéorrponent
of said SO« adghlb¥BeRyShent vi AN ebm s o APMd CaN! o250k addi tive
systens will have at [east two distinct particles specles erein the first
particle species 20Thei maridy aattri @southas SOonyg SOecagndalddnthyact i on.
The second particle species will primarily carry out a SO, absorption
functi oh. The Seked#mpitatialie dfebi-es FRYIURowdARdiNBo &y odnda SOZ - ~

SO, oxidation cLi : Ll. 25 | C ' ond fi,ndin evol.ves
around the fac{ﬁl%]h%t 8géraf§'§},\ﬁei'ﬁgr’edl en{_ E'is' g{r?%&%%?gﬁcﬁaé} 15° _e?f?Bi?YeQ in
formul ating eagh @b, headlif{es eByyspakisi cle spaeirest & igpldvweanthsipveral |
SOx additive system Applicant's third finding is that sonme of WO

99/ 11372 PCTNS#8i1B6B5 tog oxhdizagiSéd ehos SQpught Imdedd, ' 9E8 phgrot (and,

i ndeed, that are taught throughout the_prior art regarding SOx additives)
shoul d be used®¥&R he §?>é$i W@g - EOoR FEfYelafge dfHTeRed R BUYOTX. jn 5

appl i ts' nmufiid - i dj, t. s ns e Wil . ai d about

these Timtat i%#s g%é?‘o%]e%p&%i??o%%&}&ﬁ ?%t?sag'qu%}rcl %ar stledﬁcl %'hslssa%at ent

di scl osure. Theoherpsiidaidtey drd¢birbedsbsoweant on SO ifprl0thasegshgipon

applicants' recognition that use of nost prior art SOx additive systens

depends heavi | SENgIAL sofiecraeRer dAa¥delahpi¢oreerBedhatit sedf r eabtons t hat

also will be hereinafter_npre fully described, result .n a great deal of
= & :

waste of the i ent sL95-TEed Y3YRake®Sox A§8PE AR I or 7 EpR%F i cal |y,

applicants have,yLGRoN thet ivoenerate getyati it b rlhscfﬂ‘ SOx

addi tives V\heria%n |ndu§tﬂrj}|’al pl ant operatgr %ay %/a@n%tldrhel gfaive y l'ess S02 ~
So3 oxizlati on etapdci witharedr ehannez! wihonet £03 oxA debsmapeirdaleapacity in a
gi ven SOX additive system There also are situations where just the
opposite is traidemy hay SrRaRgRpl & FRS4IER9 sj Paserdal's F&oper at or

may want a rel afJd ] ar I is capacity in those
cases where th%eba\&%t%/l#@d%g%%g#%%%%}ﬁgggggélllgg%l(bé%i'ng enpl oyed in the

FCC unit at a giversdmdemétal t&elde sl aDscapabl Rnetmalteorikipidweo ol the
SO0, forned in the catal yst regenerator unit. This ability follows fromthe
30 fact that sirlesE" hifr oEBeboPutfREK| aRRAReNy staf ar'tugedie Wh matri x

mat erizaol S (e'gdddia}:lfvrgsnawﬁgg it comes time for them to be reduced
back to their metal oxide forms. For example, U.S.

Patent 4,589,978 ("the '978 patent") teaches SOy
transfer catalysts based upon the use of rare earth

metals such as cerium and lanthanum. The '978

25 patent also teaches use of alumina to absorb SO, by
forming aluminum sulfate in circumstances wherein

the alumina is employed in the form of a separate

and distinct particle species that is wused in
admixture with other particles that contain a S0, —

30 S0, oxidant. To these ends, the '978 patent states:

"The SOy transfer catalyst of the present invention



wo 99n 13~z -10 PCT/ US98/ 16635 magnesia) that will absorb SO, as well as
-serve as matrix-formng materials for the hydrocarbon cracking catal yst
particles évg)agg,ﬁ?ﬁ enbedded in the . overall catalyst particle (e.qg.,
magnesi a an alum na are often enployed in the matri x-f or WEHURRY 63l S

used to bind various zeolite particles that are enployed in many bul k,
hydr ocar bon cracking catal yst). Many ot her ~hydrocarbon cracki ng catal ysts,
however, are nm ] trnix-farmng 1 terjals that have little or no
S03 absor bi ng ag%le:%ey; u§'PcilH%ﬁ§o§e“teg’£ Whefe aughvaa hjdmdcar fren
cracki ng catal ygbhskebng spl eed i ape ECC uni | sg.has the added ability
to absorb S03, the overall’ SOx 15 addit%ve sys%%%1(ﬁﬁgfﬁpﬁ t HeAY er Re
"systent shoul deBgcudkérdt oasnp y sdpayutasencertofcBd 1 HaSh Qe 32 30,
oxi dation catal yst conponent, and at |east one S03 absorbent conponént)
shoul d cont ai n BHBBERtsfoturtski Bake eadhftodeespahenthe Prefdpibipe total
20 catalyst systgm cay),ffsorh .- faking.into consideration the fact that a
gi ven FCC hydrocafg]bon cracki ?1‘5 c%?ala)fg:tlvr%y q'ccilg'él ifdy ehigh apurfageto
absorb sone of &beapOdviidriugadideshessHhdk 1oxi .catalyst. I n other
words, in those cases 25 where a given gHCC hy&r ocg?%lrl\?%ra i RT3 al yst
al so has the abfhety, tetabstens08s vetlFEE openaiadr aneiihgy ef er a mixture
of S02 oxidant and §93 ' aanrbenL t.hat is relatively "rich” in the oxidant
conponent of the SO @dUPPEFGe SREGIERCaFYOMPRe deme taatd, the ttwse cases
where the hydr agkil cat.al I.X slitile or WO 99/ 11372
where the hydr asaedon ataqks, cahp! ¥pinfBbilX MAAIAELE: OLnat '3 s

10 alumina SO,-absorbing component "may be circulated

as a separate particle . . .". We also would note
that the above-quoted phrase goes on to say that its
alumina may be "used as a support for the rare earth
component." Later, the '978 patent goes on to say
15 that its " . . . alumina and rare earth components
can be further supported on an inert support or-
matrix which does not react with S0, or 80, to form
sulfate. The supports for the alumina and rare
earth oxidation component may be selected from
20 silica, silica/alumina, zeolites, kieselguhr, celite
or alumina." We have quoted these passages from the
'978 patent because, in some ways, the teachings of
this patent reference define certain "points of
departure" that help to establish and define the
25 borders of the novel aspects of the invention
described in this patent disclosure. Therefore, the
teachings of the '978 patent are incorporated herein

in their entirety.



no SO03 absorption capability, little or no "extra" SOZ -~ S03 oxidant is

. heeded beyond what is needed to produce the anmount of S03 that actually can
be absor, he S03-capturing conmponent of the SOx 5 adgi.tj tem
The opervgﬁg?}jgygdj ust nent problem (i ndeed, his dilemm) fol %/{dg&flr%g t he
-fact that, notw thstanding the teachings of the '978 patent concerning the
possibility of using separate S0, absofrBénts, conmmercial y avail abl e SOx
"additive 10 systens are fornmulated in the formof a single particle species
that contains both the SOZ -~ S03 oxi dant conponent (e.g., ceria, vanadi a,

etc.) and the S03 absorbent IR ( Of a, magnesia, etc.).
Thus, when using such single particle additrve systens, if the
operator wants_ to d r id & absorient. 4 s | re added.
Consequently, in cgg ai gl%g%eer?l)éeti gn%&eﬁgg'cﬁq%i glflsoof rmerde §B§Q~ %%Xc?at al yst

will "waste" genpufttike SPBnabagsbent Mapaciitytof £ ongiNex @Qradditive that
is introduced into the unit in the formof a single particle species.
Conversel y, aapebicanEsrelinventiompbeysnd abter beneredcureaghinga SOX
additive is provided FCC unit _that_is_bei used in.a node of

oper at¥ on 25 ‘Rgoﬁg‘eas gbgr P%Ienﬁur%‘?nc?’ﬁnfﬂgs tﬁ%dé’%?sblﬁ%?aﬂs&n,of-he
combustion aigyadmi§gdnto (e S1ifs¢ COBASEILALsUNIthdS PHRERE! Ypbi Mted so
that there on%c))/2 WnH[ gena smal | excessﬁof oxyggn in tie ﬁlggﬁgask.)éThi S is
done in ordersé¢patatet untbsi dddtdomdtust Ezomof t3fk caslyenremwnoxi go,to carbon
di oxide. Thus, in this node of operation, a FCC operator would prefer to

WO 991 11372 -absexiypUs08/PReEss efe a rgT%%i véryeiadescrdhrmht 6Pxabsor bent
d | at i , | t ' That _j that_th
operat o woul e By sHERE il SiEdes Dobublobstian ettt s oy

enoughy of it $,40 epnveyt geul fdirs fHopd e daQa%'i)sftuchﬁlgegbﬂ%_ Wi phout ' there
al so bei ng enough td convert carbon nonoxide to carbo ioxide. In this
case, if the phestat opawariicie 0 spleci®se amsor emt , lease oxdrant sbs

i nherently added where only a sing]e particle 10 species SOx additive is
avai | abl e. CorkeeleRty compenest: rit BxSEAAT Rdnkfte ofPgcdedgle particl e
SOx additive will, be ted duri this node,of operation -, jndeed, it wll
be detrinent af¢¥HT¢. opRY atggis%ll s%n%xp%(%i ente Tany © o 5

conditions. Neledfgeteaslotfonditse ke ldasPicaupad byvehanges sg the

sul fur concentration in feédstocks. Such upsets often require that changes
be quisckly nmesidditieéet bgsteme beorplgaicallyn sépahat SO(ndxiddatimgt t he
concentration of the absorbent. 20 Consequentlr;/é nost operators usually

respond to suEFPlipsEhecoriflst i GRS BPaHedFATRPYERdr 8Ssi fpthe FBst
Pinused” comptHERrEeki atuns, | naf b Hex . CHBRRATRRCT5 280, 0 O
additive systems will have at least two distinct
particles species wherein the first particle species
20 primarily carries out a SO, - SO, oxidation
function. The second ©particle species will
primarily carry out a SO, absorption function. The
second particle species may, however, also carry out
a SO, - S0, oxidation function as well.
25 Applicants' second finding revolves around the
fact that certain ingredients are particularly
effective in formulating each of the different

particle species of applicant's overall SOy additive

system. Applicant's third finding is that some of



25 contained in a single particle SOX additive system |ndeed, many such
.upsets could be prevented if the plant operator had a nmulti-particle SOX
.additive Zg\ﬁtl at his command. Applicants al so have found that there are
even 30 noPe’SUbPl e considerations that can be addressed t Pr8/1663s

-i ndependent addition of either the S02 WO 991 11372 -13 PCT/ US98/ 16635
S03 oxidant catal yst, or the S03 absorbé&f~ They revol ve around the "aging

rate" of the oxidant conpqonent OF_ an §OX.addi ti ve s7ystem relative to the
usual Iy differ&ERE " APERGIIERES oF 2PPBESOER AR bet7 & nt(andn act uval

i ndustrial opegati S a t Q) o ' he, [ 0. presently
known way of aggEF%{aZ'I yE%ngd?%%néﬁtu%PusE?Sthg?g{:ofElglet %erlqll‘;eaggi dation
conponent, or tkeaafddeidergo,coaddititves)f asiguwien HKX agdgédi veakRed 0i ven
FCC unit. That 10 is to say that depending on such factors as the nature of
the feedst ock BERAGHSHACesse@r HOIRELRDOAYVIERE . b&iokg Usestiusbd addd tHhein

mechani cal features of .a giv retinery,, the 02 oxidant may "die" before
the SO absorb%ﬁ%’?‘lggrv‘lsce- g‘?-gé- E?ﬁ&slcjﬁi a “Sex ‘T;iaég_aVFiv shemEm
conpri sed of ombyed §inul daskial ealshee amddat 1 ¢RRLALASHROt D g/ SOX

oxi dation conponent and a SOX absorbent conmponent, there 1s usually a
subtl e waste oprbbabtitdoals cdpacksubpsefluené opathe obfierthist heseehiwo

conponent s becayse_they rarely 20 "die" at the sane tine. In other words,
in a single paftFfELESYEEci es SOX additive system one of these two

conponents usual ly ??gs ﬂ@%hgnﬁpgegt hgéseggggaen{nééhk}Lgﬁ?s‘aﬁorre [ emai ni ng

"useful life". In effect, erel ndescri conposi ﬁ°251?)rocesses

provi deo a net hedséar upesi Nppldcams v eredognit Leef thaki e Beidder of
these two conponents. Therefore, a major advantage of applicant's
mul ti-particl ePBOXTadditt iSA a@didiye F¥stems t depengdbe hpantiilyl a1fRmX

ddi ti 30_1I hei bi | i .0, . I m f h of th
Tai n acti ve cONpBReRREiBE SruaBX IRIFIo by ST 16 GHeoe e

also will be hereinafter more fully described,
result in a great deal of waste of the ingredients
15 used to make SOy additives. More specifically,
applicants have recognized that there are situations
in the use of SOy additives where an industrial
plant operator may want relatively less S0 — S03
oxidation capacity, and relatively more 503
20 absorption capacity in a given SOy additive system.
There also are situations where just the opposite is
true.
By way of example of the first situation, a FCC
operator may want a relatively large amount of SO
25 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 SO, formed in the catalyst
regenerator unit. This ability follows from the
30 fact that some FCC, hydrocarbon cracking catalysts

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



PCT/ US98116635 (i . a . , the S02 --~ 503 oxidant conponent and the S03

. absorbent component), regardl ess of how they age relative to each other in
any given industrial facility. 5 Thus, overall, use of the _herei ndescribed :
conposi t iYRALHIE processes provide the FCC operator with mi/E14835ng
-advant ages that are not attainable through use of single particle species,
SOx additive systems. These advantages-ffclude |0 greater flexibility in:
(1) conpensating for, cracking catalyst that do - or do not - have S03

absor ption captdgnesiak, thaf sty ofPFREPpE i 85 KAk opEr A9Wre, 263)
preventing, a re. | vel : i Ci |y troll.i upsets in 15

t he operation o%églgi géé%rﬁ:fﬁ ustﬁr{?ggg%gé%l i t?ggnd ?:2’)%_ n&%fﬂ%ﬂ%:ﬁ?ﬁl y
utilizing all @fadippngctavelyHQrsdientsebntaati wee SRbAUHA i v gystem
under ever-varying operating conditions. General Nature of Applicant's SO
Addi tive Syst emeflITheckhbrdystonporehiché ag@.igcant smaguesdal Sf¥¥dadditive
systemis a S02 --~ SO03 oxi%}g ion catgl s& conpqnent . Thi s conponent can
be nmad® and uEHTR hé%or RFEF2ni BFB ﬁ\éﬁ oi Hal t PR X R FBERI | unps,
etc. dependi ng, 4po J i nd S e C e s a S03
absor bent corrg%nent .é % tu%tg%caﬁgbgﬁgrr% eeiraanﬁ%%d zl%ﬁﬁﬁhr% f gr m o%%%%ti cl es,

pel l ets, etc. tHuts,af@remployad phsesany bolR, pRydrbcdirdomsfokife term
"particle(s)" should be taken to include those pellets used in

991 11372 PCT/ WUSg8FwsRs. - 15 f MREY be@thfd nobvAgospshom - cxaaieingas t hose
smal l er, mcrosheroidal particles us in ECC o ations.. In order to
practice this 9 %) A ?Weer'i’tei on : vgﬁd%gt Wﬁ@i‘m‘“&ﬁ&%ﬁ%%%m 5
CONMpPORQNt  par tfl & SPEST @hatushie ugad e t ke f g ab phﬁygﬁﬂﬁgbg;epar ate
and distinct particles, pellets, etc. fromat | east oné SO

oxi dation cat abjsttitgarticl e species. The rel ative proportions of the SGs -~

SO, 10 oxidation catal yst, conponent to the SO, absorbent conponent can vary
consi derably in t héhctit et IPSBhFESERY SNSTEh.2 FItVeRaRpP& ofagyon ~ SO,

oxi dation cat S i 1Se_0 speci es of SO~
7250 oxi dat e s BRI DERS s BPEA 8 0 BECTRES SRR S0

wei ght percentha@f thaRMdeHb 1 oMerod | alskarndeoy | veheystvera13 md,arly, the
SO, absorbent conponent (which may) |ikew se, conprise one or noré species
of SORSabsor bexddigaite I¥gten) Gdrexostihetternpohsybben” 16houlabde 20 90

wei ght percent of the addifive system These_two conponents can be

[ t
separat el y i ntraf@itetP H“Bilé §hCePisRANGS | of F&ciQ"iel SE oRet $82 can be
prem xed and iy r Jd Nt o f agiini b XL ur al shoul d
be noted that gg’tﬁp%%i;a%&s*&so?%g’ég%o?% toa f/%ts' S%I?r%orﬁgnﬁse%réég/ io?ll%er ently
have sonme So, smhsordiesdrisapabi tbinpoasdt) hatshamlld carvistaid, abswgkent

conponents may i nherent|y have sone_ SO, SO, oxidation catalyst ability)
Nonet hel ess, mudduTeBidant £9 REPELehH 2ehubPesSPhathat thastotal

20 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 S03 produced by the sulfur
oxidant catalyst. In other woxds, in those cases

25 where a given FCC hydrocarbon-cracking catalyst also
has the ability to absorb S03, the FCC operator
would prefer a mixture of S0; oxidant and SO0,
absorbent that is relatively "rich" in the oxidant
component of the SOy additive system.

30 On the other hand, in those cases where the

hydrocarbon cracking catalyst matrix has little or



30 one of applicants' particle species primarily carry WO 99/ 11372 -16

- PCT/ US98/ 16635 out a S02 oxidation function while and at | east one other,

. physically s te and distinct particle species, carries 3ﬁ Q3
absorptio Ofggﬁg-’?on. This SO absorption function may be tﬁgﬂté%%g ?ﬁ?fy of 5
-the S0, absorbent conmponent. In sone enbodi nents of this invention,

however, the SO, absorbent conponent al"3d Ty be provided with a SOs --~

SO, oxidation catalyst so that the resultin terial is capable of
carrying a SOz™8xi i%hS‘P’EIPiH?Bncégag?él&llth ?’1‘@:]5%, OZbdH pt fBRTRUNCt i on.
The S02 --~ So3.oxidatjon ¢ onent _o | ndescri bed, SOx addi.tive
systens may i;ggpf ‘%etggém?}?ﬁﬁfla?véetg?%ﬁ%%&%b rggxggarfdsl dP@Fgﬁét
particle specigs piRiudXagpk e amolintstoSOBoy~ t$Rt 15cexhdali aycabal yst
conponent could enploy ceria as. its SO- -~"S0, oxidation ingredient while
a second S02 -abSGrbed danttlat &80ystaponpangntcanmirosst vafadilee asoits S02
SO oxidant ingredient. The sanme is al so true of ags | i cants S03 absor bent

conponeft. 20 EBFLEXYRPIYSEE™-i r stRSPPEHRbPBeft _ t REPHLleHpl oy a
cal ci um oxi de gﬁnﬁggﬁ' urg sl Ugiﬂ@ﬁlﬁa)s_oifd%.liwd%egso%'ﬂﬁe a r3e¢oNng, 80

absor bent conponent eénfpl'oys a magnesi um oxi absor bént conponént. And,
as was noted ifAothWetheeaading peiagraathiaig?5 dfeagheones P, phsenbent
catal yst species can be provided with an S02 ~ S0, oxidation catalyst and

t her eby si nul t apBeeshinger Ve aPassikidddid~-ohxugitidon sepaaiarst 6pponent
as well as a SO, absorbent conponent..Ln such,ases, e SO,.apbsprbent wll
30 serve to pi éhsaﬁggﬁ, Spr o FORTF IS At <6 %?ﬁf%b%ﬁd tS%W) 93554‘%1%"?‘?5-17
PCTNS984 16635 systems are formulated in the form of a single

l

particle species that contains both the S0; — 803
oxidant component (e.g., ceria, vanadia, etc.) and
the S04 absorbent component (e.g., alumina,
magnesia, etc.). Thus, when using such single
15 particle S04 additive systems, if the operator wants
to add more oxidant, more absorbent is inherently
added. Consequently, in certain operations,
addition of more SO; — 803 catalyst will "waste"
some of the SO03 absorbent capacity of any 804
20 additive that is introduced into the unit in the
form of a single particle species.
Conversely, a need for relatively more SO;
absorbent occurs when a SOy additive is provided to
a FCC unit that is being used in a mode of operation
25 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 1limit undesired combustion of
30 carbon monoxide to carbon dioxide. Thus, in this

mode of operation, a FCC operator would prefer to



distinct SOz -~ SO, oxidation catalyst particle as well as the SO produced
-by the SCa oxidant in the SO absorbent particle itself. Such S02 -~ SO
oxi dat i orlgé%ﬁw%ts and such S03 5 absorbents can be used in _association
wi.th the i'fid of, or with different, support materi al sECHHPIS 168 s
-al so have found that their oxidation catal yst conponents) and their SOx
.absor bent conponents) are preferably usetfin adnixture with 10 each other -

d to bei ! tially that is t by | ti
Ahere’ the. 503 BBLBL Bt AT ALl deE5 0P LHeant PESAEPRRY (ERdne sone
where the 502 fef‘Q@ﬁ@él?atén%rllt@ﬂ‘?ﬁn@u?ﬁe-of‘ngxi‘ﬁaitf.' nalp,net & on the

general use of 15 the hereindescri bed SOx additive systens, app i cant S_
woul d note thasayheiatSOthaddbpevateyst woaldarphefeBedtov Thmdtvegew de
variety of hydrocarbon cracking catalysts. At the very |east, such

hydr ocar bon cr#eReng eht axjdastnwse Fhatciiheraaniys oinby emosghnafuial or

synthetdc crystalline um hesili eqQlite e. 0., faujasite zeolites
of the %( and #?y%%?v%%W?gukﬁsgg‘%%%r&esﬁJ& Sﬁﬁ?%‘brse%i%léjél‘f’l'égo\}ﬁri ous
amor phous net atn&xé dgg sol fbei&hq aABLBRO WD aéé&&‘@r@ﬁt“%‘@r‘%rf‘%%z?&@%&?” 25
cracking activities. Those skilled in this art will appreciate that a

hydr ocar bon criazkeagboat aimstidmnponkmt thilbl camest i 1fit ¢he neperaperti on of
t hose hydrocarbon cracki ng catal yst/S Sg%i tive m xtures used in

i ndustrial fad3?%5 estQuchdds &ini # ERbr t ReXRpstOXAant aphsi cant s’
SOx additives ris y bo .5.to t 10. 0 weight WO
99/ 11 372 PCT/ Ljégg%ﬁ%%ggy 1§dgglricefr‘{{ﬂ(;%@su%lxayd?ocgrq%%ﬁecr é%:aﬁrﬁgc:ge

catal yst s/ SO sisistiidye soixtad@sti®Ql s SQva@iadale.on C¥ndafiledftorponent

Applicants' S02 -~ S03 oxidation catalyst 5 conponent is conpri sed of at
| east two gendiig kenbsabf oxdgiaath eaowponpstf iofsta ofingdse gamt geher al

ki nds of ingredjents Jis.a sulf i oxi de oxjdatign catal yst ingredient that
i s inherently ai)aﬁaéu%rlvgxi‘d?‘gﬁ'n$%oé‘_’at%t% %1‘1515‘@ eh¥tForfede ere the
SCa 10 is creaffdl-adisd Prifedad! vict 31588 g’éftzc:‘?.me gaton cat al yst
ingredient wll® conprise: (1) a netal selecte rom the group consisting of
those netal s havi nPah adpedxtomsbealsb atxpeadenze, @mailt alvupsyn G oups i B

and 11B of the Perjiodic Table, 15 a_nmetal from Goups TlII to VIIl of the
Peri odBc Tabl €oMsHd IS r N e hlRBEAI 06f thREeParrodihesSRalsagised t hese

nmetals, ceriu va i pl atj nu al |_adi r um,__iri.dium ,

nol ybdenum tg}r}’gst g%gnlcgogpsper?hchro@nr%egm r??lg'kfgl@ rr%%glgﬁ@sté:,atcf@ﬁhl t M ron, 20

ytterbi um and fdeaytsBlay © PSRERT URGetA i thegeiréethHl aRdnyanadi um are
the nost preferred - and especially when they are used in conjunction with

each other - ket qwickhbeewsde Iiy‘tiﬁit:berséhé endesitrapboi eof 2helhese
0 motal i o o AR Gl FRSs FORCRBRFERIP). Sompotmdst SPEPRE e, g, . i n
t Prgt ; 2o ]91; A {a%é{squ{jé}?c%)y,i P! b58P4 Eor 8NElsRA PHYCLEspEAHS ebN Bl M
upset 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
25 contained in a single particle SO, additive system.
Indeed, many such upsets could be prevented if the
plant operator had a multi-particle S0, additive
system at his command.
Applicants also have found that there are even

30 more subtle considerations that can be addressed

through independent addition of either the S0, —»



WD 99/11372 _19 PCTJUS98/ 16635 purposes of this patent disclosure should
.be taken to nean chem cally conpounded netals as well as unconpounded,

. el enent al 8‘;@59?};1?%2 It al so should be noted that when these @%ﬁ@ggﬁ{&éi rst

i ntroduce the "wet" reaction systens used in making
-her ei ndescri bed SOx additives, they may be in various salt fornms, e.g.,
their oxides, nitrates, acetates, and catBonates - indeed, in nost cases,

th It f th t al LLy 1 f d t hei
clenental , et 3 cORIPASCad S Tg Phortiih ehPs. RASSRIAREant Fhascy -~
SO, catalysts. FofoB¥@MY Soudde dH Ll e,rarggqlE{ oL/ Of G&Fiymdn appllgants’

wet reaction systens are cerla, cerium-acetate, ceriumnitrate and terium

15 carbonate. Momgoesnt sofreanesal, sddi thioensy@todm agedatefiea teonent of
the wet reaction systens used to create the hereindescri bed SOx additives
may, in turn, BEYHE odsfiermrrbaladiBy #8E6Mp&f nktEhEPs \whsastrerdt her
salt forhs suc erjum t 0. i Nixtrate £ _cerium carbonate.
Sinilarly, t he%r?ghi)eo(}bérﬁe‘?'er ?g g%r&r%%gofl'%\?}élﬁagl{}% iOrP%ﬁ%??‘Efaﬁt §UC8of%kat al yst

conponent s Wi | lpeltied s Varaslt 1 Oxt Hereand/ ol tdiee SBGOTPORKbILAN akpduct s
of various vanadium salts such as Ithqse of ammoni um vanadate or 25 vanadi um
oxal ate. Next, dft adoutatdky npredichangt Hhaatseéfuli dnifss epfokither

her ei ndescri bed procej‘séises, will serve to convert any non-oxide ingredients

(e. g., ceriumtEGeRidatdan GAMRMSRY, Terflim YAFBERERE, cempopesds used in

the wet reacti S i RKO ish.:Qxi de for . i um acet at e,
nitrate, car bo%gt (Sa‘%/ éf@%‘QS?}_‘El%Q lﬁé#uégh/€6§§gg-ﬁ25%§ c&%\}l I g@asfonverted
to cerilgm oxi da). Hbatsdy thasaydépetdingomponsithof facSe¥scaial ¥ak or

absorbent of this patent discl osureq(é. 0., a binder conponent) can be nmade
from a non-oxi @etugemad thee fesmdatadfatbsing nreeeessedhetheeptodeatt i on

system but is,' .subseguently conyert.ed to an axidation of that nmetal by
Fodhset
c

the cal ci nati oR®df8p BFCSBFrRcaAPE Procldeshaicd s, e 9ot 8d t hat
these SQZ -~ Sivex deriferiel ahe Ty, RacassaciehadLn pogobbndge by
placing 10 themin the reaction mxtures along wth the binder ingredients;
or they may be sogde abgorienégnabirngvéokuvevaa .cont Zhnsng Lansaof sphese
met al Sllsnto a additive system comprised of only a single particle
species that contains both a SOy oxidation component
and a SOy absorbent component, there is usually a
subtle waste of functional capacity of one or the
other of these two components because they rarely
20 "die" at the same time. In other words, im a single
particle species SOy additive system, one of these
two components usually dies while the other
component still has some remaining "useful 1life".
In effect, the hereindescribed compositions and
25 processes provide a method for ‘"using up" any
remaining useful 1life in either of these two
components. Therefore, a major advantage of
applicant's multi-particle SOx additive systems -
relative to single particle SOy additive systems -

30 is their ability to maximize usage of each of the

two main active components of an SOy additive system



dried formof applicants' SO, -a SO, oxidation catalyst formng materials
.or dried fornms of their 15 SO absorbent nmaterials. S~goorts for the

Oxi dants The second general kind of ingredient in applicants' SOZ -a S03
oxi dat i orWeAaP/AI¥Zt conponent is a binder (or support) materRGIU$BA66I5e SOz
--~ S0, 20 oxidation catalyst ingredient. For the purposes of this patent

di scl osure the terns "binder" and "supper4- should be regarded as being
‘equi val ent. Such binder or support nmaterials preferably are made from net al
oxi de ingredi efilsesel edeeddy om t B@3gprBUPaRE cungicridemy afidcahei WO,

alum nate, aluminumsilicate, magnesium alum nate, alum numtitanate, zinc
titanate, al unRREAFERPEONEPEPOREEsi aX CIRLRLRES( APEO oW althiEiusgieydr oxi de
conpounds, al upi tappnin ta Ldesgco nds.( ot her_than_al ym na
WD 99/ 11372 -2%2%%%98%66%%%A1%’6?’?“0rlgl H?nﬁﬁunéﬁ&gpoxf‘ag’uégﬁﬁa nds),
zirconia, titaph@ilsthi.ca, bastnaesite, various clays (and especially
kaolin clay)) and/or clay/phosphate materials such as those taught in U S
Patents55 5, 190, 902Thnd, 5, 28& 280l ( hense, bife ttderhi hgsebhdéhesdbedo

patents are hereby incqrporated by reference into this patent disclosure).
linmitations r eQO'B%BEth‘-QRFoP%ep%ﬁ?ﬁﬁﬁ?§ Rhevideotdanttt hPPaXatpsEct s of

this inventi onwgghrem%ﬁ rgﬁgq.aqﬁg{)d caQ&§én{.’gI§EQer é‘g%ﬂ' ggi}le{ hahoi:n or der

to effectively use the hereihdescribed nultipafrticle i vé Syst ens,

t he oxidant suppesinableritdirowdld 68e alfsosbrgleniaytiialle ofpagpkicants’
SOX additive systens nust be nade with large 15 proportions of certain,
materi al s, andS®wot afgtiCiiig h st emn- ot héfheee s IdieRi2@es naireciaufis, or, at

the very least, be nmade with.relatively little,of the undesjired paterials.
These Jr‘?/m t at i%ﬁ%é‘%ﬁﬁ/ Otfwﬁ?c&]ﬁ’ll&%%nsni){h f or fh at iR s’ ggrﬁl ti 20
particle, SOX afghking Lutlaffed ObRa? RASL-Olod NEcOYRAI L BaYEl tyoof this
i nvention because the hereinafter identified "l ow concentration) ot
"prohi bited", abgoedttohs aapaphidddritdsy usied, icodtargel MPPasdtONsl in
formulating a wide variety of ,
burn operations, (3) preventing, and more
effectively and efficiently controlling upsets in
15 the operation of a given industxial facility and (4) .
more completely utilizing all of the active
ingredients in a given SOy additive system under

ever-varying operating conditions.

General Nature of Applicant's SO, _Additive Sygtems
20 The first component of applicants' overall SOy

additive system is a SO — SO3 oxidation catalyst
component. This component can be made and used in
the form of microspheroidal particles, pellets,
lumps, etc. depending upon its intended end use.
25 The second component is a SO3 absorbent component.
It too can be made and used in the form of
particles, pellets, etc. Thus, for the purposes of
this patent disclosure, the term "particle(s)"

should be taken to include those pellets used in



25 "single particle species,” SOX additives. For exanple, applicants have
_ found that the anmount of alumna (Al1,0,) used in their support materials

_ for thei &8?%%91 on catal yst ingredients should not consti g#gﬁﬁg{)yﬁggre

t han abo wel ght 30 percent of the overall oxidation c
. conponent . WO 99/ 11372 -22 PCT/ US98/ }ggC_%S More preferably, applicants’
oxi dati on catal yst conponents will contarn no alum na (A120,) whatsoever.

‘This stands i p t t tQ.it at _many single_particle

speci es, SOX %%E%tib\%gg é$§ m%eln ofﬁ%%itts?e of 1 omwggg‘t oa§55t%ﬂiﬁn na
(A120,). Sim Isdvienppl ngapbsphayeifaund gdiati dibes anpyel ofimal wasum
hydr oxi de conpounds (as the term "al um num hydroxi de" is defined in the
next paragrappestatulensot conserdere tmypreceitkartmboupak® ildhlsri ght
percent of the oxidajion catalyst corrporhlent of the SOX additive systens of

| ys
this patent ditFgEhtn Aﬁﬂwﬁggﬁ'agé'ﬁtn 2355 QRA nSPe pRdsemheditt hat no
al um ngm hydr Qx4 £P S : ke dy ‘?_:_p&ki nt.s' i.dation
cat al ygt 15 c?r?pnggoents.o#ﬂ?tsy\?%,g tgg%gg in{'r?%qs;:hgreg con rg ié?llen%rg‘n to the
fact that manywfal ushpsitdyty oxkdpacanpounddsi ardidt kewt Sepuged clrgvery high
concentrations in many single particle, SOX additives. 28 Be that as it
may, for the peldesss oftehibropatahtleast| osar 80ot ke S€gnmokddatiianm
hydr oxi de conmpound(s)"” shoul d be taken to nean al um num hydroxi de in any of
its many phas&® L RAT |1LEEH At uni num hydr oxi de cl assification

ndust il A um na emiede v o PR, T ofos 2 o TS i rbr por at ed
by refgrence f&rifajdhioﬁhowa_thm?tstt heompsnenel o neAhyss oxhggorsapchave a
rat her broad nmeaning that includes many different 30 phase forns of that
conpound. For compauienit ttas vetlyr eww istHyallouint bhe thetfoe of
“erystalline” thivs\DiQI?\/relr:lL’gi?ozn.-Z?)For example a SO, — SO, oxidation
catalyst component (which may comprise one or more
species of S0, — SO, oxidation particle(s)) can

15 comprise from about 10 to about 90 weight percent of
applicants' overall SO, additive system. Similarly,
the SO, absorbent component (which may, likewise,
comprise one or more species of SO, absorbent
particle(s)) can constitute from about 10 to about

20 90 weight percent of the additive system. These two
components can be separately introduced into a given
industrial facility, or they can be premixed and
introduced into such a facility as a mixture.

It also should be noted that applicants' S0, -

25 SO, catalyst components may inherently have some SO,
absorbent capability and that applicants' SO,
absorbent components may inherently have some S0, —

S0, oxidation catalyst ability. Nonetheless,

practice of this invention requires that at least

30 one of applicants' particle species primarily carry



PCT/ US98/ 16635 fornms of al um num hydroxi de that include a first group of
.crystalline trihydroxides AL(OH), whose nenbers are gi bbsite, bayerite, and
nordstrandite. This classification diagramal so shows a second 5 gxoup :
(" Oxi de- Y@ B4LI¥ds AL00H') of crystalline, alunmi num hydroxi BeBUSSH3xed of
-boehm te and di aspore. Another separate and distinct group of alum num
hydroxides in this classification diagrabme+s found in another branch of the
‘tree di agram under 10 the headi ng "gel ati nous" - which is distinguished
fromthe "crystalt i;eS04 cpxidat ianuFunghilpd whdilde andoatd leamte. ofdde

gel ati nous group.is conprised._qQf pseudoboehm te and X-Ray indifferent
al um num hydr oSicde {rwhi Sil§a&ﬁ§’o Eﬁpﬁaﬁgf eF‘F‘gd B&Séén " SHoLR
alumna"). Tn aSe, tk@?@ FRkerddl s apddl L8, censjder as
"al um num hyd% ng'Eeé%g'orrg%%ﬁ %g) "for the p pgses #%s%%g%%&g'

di scl osure andThiei rsgoabedirpatbanSunrtiivn mdydié orheabalysuegmamnent s of

this patent 20 disclosure should not be nore than about 10% by wei ght of
sai d oxPdati ont&gt A%sebeonpeRENCOMBRANEHL -yetIn t9rBe eubedimentsh®fl d not
be used at all _in applicants' S0, -~ ; j dati on catal yst conponents.

Agai n, these ka’l"isbiJﬁVo %Jfr?d %W?‘é%)bn@%rgz)ql.ﬁr}f%orz‘ge%ﬁeﬁﬁg‘?f’é’@ i nce
alum na (AL20, )yapd fRgy 1 bBBYS qaldim.ne, Nflr gl de,cogpoupgy dagye peen

wi dely used, in very rge proportions, In many prior art, singlé particle
speci es, SOx addithlyet &ty vhytoftheontessltimyunabemiedntds ncagadle
conpounds (that are not alum na or alum num hydroxides) that are suitable
for use in appPifcarErying\ro§OL1 FredatlerTEURISAPE63ES owieddt i @8 @at al yst
conponﬁﬁts, in Bro orti ogs IaEger than 10 wei ght percent, would incl ude
conpouhfis wher 8Pn APEAFROAPFsECRER R Iy reacted with , elements, or groups
of elenents, other n e 5_oxygen o j ( t ( ' groups
found ' in the al umy?]%m %garoﬁde%%m%ﬁ%ﬁ%‘?ed@ﬁg?%gﬁéreggdi ?g)e

par agr aph. Exanphkedindestudbed umdnuagditbvai systemoundg (idxdl ar eenot

al um na or al um num hydroxi des) woul d include alum num 10 silicate,

al umi num tit ange@praisged nalh zFveonate WAL neRfRATYRE al andnadéstSnch

al um num cont ai ni nﬁ’lcgorrpounds may cqQpstitute fromabout 5 to about 99
percent of appPPEARCs® oFRFSHTS oxi ddt9on®EETR ?stacoﬁp?ﬁ"'ents.oﬂhe Hther

MAteri ks sui taﬁe&aafc?.enuscea@asl SHBRbhefIB idiAld Lp2BP! |Gt 2" 40X dation
catal yst conponents (e. g., gnesia, zirconia, titanfa, sillca,
bast naesite, kaeki rs@ ay )/ wxtdaypbnsphatrediener ivhsleelaC. 3efBYdl | kew se
constitute fromabout 5 to about 99 wei ght percent of the

S0, — SO, oxidant catalyst component employs vanadia

as its S0, — S0, oxidant ingredient. The same is
also true of applicants' SO3 absorbent component.
20 For example, a first SO; absorbent component could
employ a calcium oxide or calcium aluminate SO,
absorbent while a second S0, absorbent component
employs a magnesium oxide SO, absorbent component.
And, as was noted in the preceding paragraph, at
25 least one SO, absorbent catalyst species can be
provided with an SO, — 80, oxidation catalyst and
thereby simultaneously serve as a "second" oxidation
catalyst component as well as a SO, absorbent
component. In such cases, the S0, absorbent will

30 serve to pick up S0, produced by the separate and



20 oxi dation catal yst conponents of this patent disclosure. As a final note
-Wwth respect to those other naterials suitable for use as support materials
.for the oxidation catal yst conponent of applicants' SOX additive system it
i s prefer ¥?¥H3hat when the oxidation catal yst ingredi ent PEE/U$9%16885 num
-group netal, then the support material should contain relatively little or
no silica (e.g., ' no nore than about 181R®ei ght percent of the oxidation
catal yst conponent). WO 99/ 11372 -25 PCTNS98/ 16635 ~Q- Absor bent
ConDOnent s Al t hbigfhinee S& erdalSQe.qrldat ignir casladiyise opartdredsi adal um na

solid solution s as at epared according to Exanple 1 herein) may
serve as 5 bot H*’e;l-‘ﬁfs@? % §O|,E%£§ntp5%zgu%esc§i{:g b???de?rggﬁ'r%‘%’éﬁzi am ithe he
practice of thig | nyeniiane dRRIHICAN Sirbym@bsorbent conponent will,
however, nore préeferably conprise at |east one sulfur trioxide (S0,)

absorbent ingredi entswell s, l-easb, opridabeehcahkr1Btd TR efben SEPPOrt
material for that SO03 absorbent ingredient. For exanple, a SOX additive may
be conpii sed ofakednhkiRrisl cin ebSOUSELs dh@RSUiokardwbyhatbhal canes

al um nate bi nder, Regardl ess of, the ideptity of the support 15 ingredient,
all such SO aggﬁi’cﬁerﬂaé'i ngPedi %) éd'f?ejb%a/%el eEPEHOiSEi nBRAEEF S -t hei r
ability to both it SdaiP~z13%0 Hadeve rdRma SHhEWr Loxi d | .. oxi des
selected fromt grc%ﬁb cor?'si sti ngﬁ1 oef hydglot aFcHie, Eh;"?gr{.ot g’?‘é’l té:ij}'lglnke
conpounds, nmagresidysto atompoaentdls¢i umrad unthatie ansocal abg@r®enge are

particularly effective as SO absorbents _in the practice of this invention.
O her useful i ﬁ@“&ﬂ%ﬁts(sf)ora%ﬁ? eREaferadlyanitrdedts adnixtwee usé timgnesi um

20l 2L S0, NN A &, PSR 38 o (e TBABCELUL Garbonet o

nmagnesi-um f or _rre?tae, gnesi umch _ magnesi _ e,
magnesi um si | i gMa8 FBORRSI ¥8YCaEi UBathhgate, zealCiwina k! igal °508° el |
y

as ot her magnesi untontai ni ng conpounds. 30 O these material s, otalcite
and vari ous hydibstoaipdiito: | | kakesat erpldae ar édpunt i cst pedy \ERXAHI! 14372

different zone where the SO; — S0; oxidation takes
place. BAnd as a final note on the general use of

15 the hereindescribed SOy additive systems, applicants.
would note that their SO, additive systems can be
used with a very wide variety of hydrocarbon
cracking catalysts. At the very 1least, such
hydrocarbon cracking catalysts would include any of

20 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

25 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.

30 For the most part, applicants' SO, additives will

comprise only from about 0.5 to about 10.0 weight



-26 PCTI US98/ 16635 preferred. Those skilled in this art will appreciate,
that the material commonly referred to as "hydrotalcite" has a nmagnesi um
al urni nate hydroxy carbonate structure with the classical forrmula 5 MJ6A12 -
(OH) 16COYO2PPB72 This material is described in 1CDD (Inter FEEVBRA16@8nt er
-for Diffraction Data) Card Nunber 22-0700 as "magnesi um al um num car bonat e
hydr oxi de hydrate/ hydrotalcite." The chilgf- differentiating characteristics
‘'of materials 10 possessing this hydrotalcite structure include the unique
x-ray diffractPercpatt @fh geghctieirecaEpen CaARMRier cRZal3EH50%el | as
the material's &81 I it% to exgeri ence an endotherm c reaction at about

300- 450C. Thi s2P@REHYBnMESHE Eﬁonds to the 15 | oss of both the OH water
(water of hydration) and_ CQZ. This structural change is however

reversi ble, neaning that once heated above 450C, further reaction with

water wll cause thi gdlydsoésl @i(f@a?:’rdﬁt@é@aifsfeéﬂﬂgéhﬁnié can be
verified by 20 subsequént Xx-ray diffraction tests, an e resulting
material wll agai naspoicantabilisoy t o-undepgo oikddetdicct esashlyst

endotherm c reaction. Next, it should be noted that, strictly speaking, the
above st atementempppeyt tbshgampraseft ef28thd@asy tiwo dmvexrabt kiindsassi cal

formula. It is_galso the .case howeyer that changes.in the processin

condi ti ons (co?r%o&?’ﬁr&ﬁlel’%tﬁ)’erat#%, isu ér]_g Eﬁfﬁs&i t?‘,"get%‘?’?eﬁégd to
make catal yti o {mierbal s AN pydrotalciie alisgigan L0 30
production of materials having non-stoi ghi onet r:?c hygﬁg%alé:ﬁ%ﬂs%éﬁct ures
and whi ch possestsalX{REr ing?W@dd®ntl37RaPCT4SIBhEGEIE 1127 cpphbalensofhi ch

differ fromthose given in ICDD Card Nunber 22-0700. Such hydrotalcite-like
materials wil |O¥¥EIZERT (Bt GOt SPe 1B nRReBOVAFOHMEAL AES | Bealeni num

hydr oxi de- cont ai ni ng conpounds, e.d.,_5_.magnesi um al.um num hydr oxi de
hydr at®® (1 CDD ¥&r oc’v%%?t%-096513’?Sﬁagh‘é§r‘-&ﬁgg’ﬁé’m n&%llﬁ/dr%ﬂze (PcDBPcar d No.
35-1275) and rRgnesd 46p abdih Ry hudpxd dite iy diah g (chrﬁ d - - 0964) .
Al t hough an exact match may ngt al vvag{?';‘%l be made by xRD,” suc sltY?ﬁcfaEres can
1,0 be furthermetalr selleetpdr i tdm ythe rgmonmg comsietsingesos (thodge ,

differential scanning calorinetry (DSC) and thernogravinmetric analysis
(TG)) on a gitellsnpRrE¥inghian | 3teRacy RYPReF nef agt hemst h@Obordli ng of

certain conpon (85-9- onat / ). St i

~~hydr ot al ci tefefq-'ltaf‘:lefms r%%‘?@gsg% %Fhﬁal\a/l;gi a&éer %r?gg%ﬁ‘é?c ﬁgafcbra]iltee'd to it

with nespect tp Reeaki ngréme diorgs andra sobsagquenbsabses ploaan fideat .

Al so acconpanyi ng such reactions is a loss in mass of the sanple. TGA can
Table, and/or a rare earth metal of the Periodic

Table. Of these metals, cerium, vanadium, platinum,
palladium, rhodium, iridium, molybdenum, tungsten,
copper, chromium nickel, manganese, cobalt, iron,

20 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.

25 These metals may be employed in their "free" or
uncompounded metallic forms (e.qg., 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



20 nmeasure such | asses while DSC procedures can neasure both the type of
reaction as well as the heat absorbed or evolved. Next it should be noted
that since_ fh jlity of such hydrotalcite-like materials SOX is
25 not par"‘t’ﬁgeﬁféﬂy dependent on their conpositions stri ctlteg géraliér%a%o
-the previously noted classical fornula for hydrotal cite, many other
nonst oi chi onetric conpositions of hydroféPCite and hydrotalcite-1ike

iti | b i,n 30 th ti f thi j ti .
breferably, alPUbHREeoto G (PAHETEhaRa JOBHER FISI BF SAFt  wo
99/11372 -28 PGI i J338( 1683R;canh9NatembBuhicl fRLagY! aLg Stydict ures

S :
Consequent |y, conpositions possessSing such hydrotalcite-11ke StTuctures may
be enpl oyed foruddemgandéde eletbingailnuesttals. Suth dhwslr shelitit &b | i ke"
materials woul d include, but by no neans be linmted to, Mannaseite and
Indigi.rite. ThHoedkEhREd When hkbeget BEdHi Rreaphtest atatewdudeder at ure

also frequently, refers tq sugh _materials_rapLopic clay. mnerals,"  although
t hey ma)5 be 10 JsrkFrﬂ h%ﬁ?cawfeg prroe uc&]cf?391 I %Y%ﬁ%lagagles,er‘fhlo%em%%f'%ﬂi &he ay
mnerals that GUUAI ndRANAsiAM 860 ahagipEFesar e tist | GWyAr | Yepr gierred
for the practice of this invention. Thus, for the purposes of this patent

di scl osure, apptdmianis' sade oforhe, t @.@.15 thedrotetidds" shouhdelae t aken
to include not only hydrotalcite forns havin he_abqve- not ed cl assi cal

formul a, but ala®etiRkADt afBAt £3TRNAEFRcTurBEHFdanildni®] aFasfuct ur es

such as those Q:fhewan?fftgbt fo%gg IB‘P gitrﬂetsee e ! i&réhgggﬂegglg di n

noted that appliCant™s , absorbent conponents also may provi wth
their quyn SOZ wre3Qriwd daveen wipé oty il emkgizedi eninkshllly wyrmd eanpl e
only, one or nore of the particle species that nake up applicants' S0, 25
absor bent conmpartenttimey -imgreddepts onforndappllaanéqui r 86pnt— 80O,provi ded

wth SOz -~ S03 catal ysts selected fromthe ro%p consi sting of cerium
vanadi um pl at iGRFALYFHRS adi uBPTr h%ﬂ?ﬂ?rine'r ridfeam qﬁému#rﬂ%gﬁen,

G i uin G e s o GPTTORIEER, FORT S RERR PEBEENYD 88R) 17,
PCT/ US98/ 16635 ceria, cerium acetate, cerxrium nitrate and cerium
15 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,
20 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
25 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.)

30 used in the wet reaction systems into their oxide

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



-29 vanadi a has proven to be a particularly effective SO, oxidation

-catal yst in the context of adding a SOz oxidant to applicants' SO,

absor bent nt(s). It also should be noted in passing 5 that when
vanadi a iyg&‘&)é@g?ﬁn a S03 absorbent conponent, it is highly PrEPat¥ees nat
the SO, absorbent al so have a nmagnesia conponent as well. Applicants have
found that the presence of magnesia in 147 r SO, absorbent conponent s)
serves to 10 préivent .the "escape" of the vanadia f¢ t he SO, absorbent -

and t hereby pr &r&nt fid L PSR SF &b h LR IR HeX k98t ocafBah dfadidl ng

catalyst with L e %p il ues jarey u ' @;Lq: e _case with
applicants' SO%@YCE%I(%S{S 0 %gtgf%n}sgataalsi%t %%g:rfapl nentcg? %ﬁ%oé&en bsor bent
starting ingredifenhigepaltehtcaidrdl dguddheld. pxj de, b aieéat GomPbhleals,

chloride, carbonate, formats, etc. fornms when they are first introduced
into the wet r&adt P6nmade dxeenpl B9Bdo¥ddeotpamaas ttHes engGrl 26habsor bent

conponents. Again, th al |t forns t..are nost suitabl e for, creating
appl i c?_nt s' SO,§Sab%%?%egghpo%%nent“%tar eg'ge%ecfta'roa{bl f%%‘f%'_ﬂt edit”_leomthe group
consi sting of gabgblieatuy BahSerbel Rl BuidH M A LRt {ﬁgtsﬂﬁpounds’
cal cium 25 oxi de, al'um num oxi de, nmagnesi um oxi de (and especially its

pericl ase phasby, thagredicimadceirat £t epreghesppinipantat’ e pragrasj unrehl ori de,

magnesi um hydr oxi de, magnesi um car bonate, magnesium fornmats, nagnhesi um

al umi nat es, hyd@isasshayrdsbemnoted atleat 3phese §0, tal 89, ombdbzing cal ci um
silicates (e. Q. olomte), and calciumsilicate. (e.. g., 99/ 11372 -30
PCT/ US98/ 16635%5??539‘8% 9&) A3 S n‘c’%mﬁﬁsr P(lélﬁlﬁl%i éﬁ’ntlg)@%’é? nati on
step wid | usuathymCoORvVehe auadiddaniiobusxs dg18RLak ke 8, Of salts
to their netal oxlinde forms. 5 Sulpports for SO- Abéorl%e%t ﬁqr?gr%%llt}%%?s

Appl i cants SO3imgsedbentsingreditdmrys nae (el mrdel ybys ednpredost tngt i on
wth a support nmaterial selected, fromthe group consisting of cal cium

al uni nate, al uRPHUREAREr ARREIARING| dFPFunPi0 tdH R oMpdrdtse) 1REgnedi a,
silica (Si02), ,silicopcontaining._c ounds (qQther thap silica), al um na
(A20), ti tanflﬁfeéi rg‘BTﬁ“a, ogar ggggqglag)‘;g an _})er ETayg 0 ttFHefterial s
(and especi al |¥aEQP?§tW@8§§1i&@05n%@éﬁi§P#r6§ IS 1RI¥0S cogm,%]é){rdl basi c_
15 ammoni um phosphate e.g., those produced by the nethods taught 1n U S

Pat entt$ 5, | 90, 902 ambrhe2A8 medP\riadlmi n, the presence of magnesia in the

SO, absorbent is highly preferred when said absorbent al so has a vanadi a
conponent in the sane 20 particle. Next, it should be noted that, for the

pur poses of this patent disc]osur the term ~~silica~~ should be taken to
mean silicon dioxide (SiO~)%?ﬁxﬁﬁﬁg%#EF%éﬁFﬁépﬁﬂguﬁﬁise forns. By way of
contrast with The second general kind of ingredient in
applicants' SO — S03 oxidation catalyst component
is a binder (or support) material for the S0, — SO,
20 oxidation catalyst ingredient. For the purposes of
this patent disclosure the terms ‘'binder" and
"support" should be regarded as being equivalent.
Such binder or support materials preferably are made
from metal oxide ingredients selected from the group
25 consisting of calcium aluminate, 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



25 the term"silica", applicants intend that the term ~~silicon-containing
- conmpounds (other than silica)~~ should be taken to nean a conpound wherein
.a three dinensional network of cations and oxygen is fornmed which consists
of silica®O¥PfdHédra and at | east one 30 other non-silicon RoHUABABHS oxi de
-conmponent . WO 99/ 11 372 -31 PCT/ US98/ 16635 Exanpl es of such

si licon-containing conpounds falling undfer applicants' use of this term
woul d i nclude calciumsilicate, magnesiumsilicate, and a variety of

al uni num si | i d&eS@)an?dt ReAEELIUR WRYT8XYER| QQFRAURERY, nBlacioMia t hat
contain silicat, (8. Oum [ini . I tin ophylLLite, talc,
snmectite nont %ﬁ%ﬂlg‘“m jtg?'l\l;%(r%‘rﬁ p%lta'%ttg,%%s{lﬁgt’e, %’ﬁa’lr@')ag,’u%r?étlfalyg n‘i((,aé“,d chlorite
and pal ygor Sk'efs?_laci%d.d.'yt i opab1Enndidmdy) fe: ah@/%ﬂopoélﬁyf/ﬁho§?na@ésor bent

| ngredi ents Applicants have found that in the case of silica (S1Oz) , no
nmore than abomaté@imdisghsugdr cast bhose shaubiitbeiusell.bn aPgtemesparticle
speci es of applicants' SO, .absorbent_ conponent. It is even 5 nore

preferPed thaf Ad%PPRca?Pdi ) 28Ral 3devEltHe so Bl &Faghimgs i @4nts have
al so found th en i IS dy ir s J%Qﬁq{ t nponents,
it too shoul d% g‘gﬂése I'n sgﬁgg gts Iién%edhgf%)ggrtilgﬁriso; app LPee(;é]ant §9have
found for 20 erxdepkacehdhtoccaMisamatentt REidaddshuBba) . many single particle
species SOx additives have kaolin concentrations up to 90 percent, kaolin
shoul d not constitute nore than about 50 wei ght percent of any given
particle species of applicants' SO absorbent 25 conponent - and it is even
nore preferreflidiatigngse oot fon (the Qxldants any gi ven SO,

absor bent conponen rti I I' ” 0. WO I ote that, for the
pur poses of this pg'Pgnfse&%sngq oésafgc?e%ﬁ?ﬁ% ?%éﬂgt%ﬁgﬁjn A= RERSBI d be
takenipo neanrbhe3feClrmcoappsedant WO FHrkhF4? findings that in

order to effectively use the hereindescribed multi-
particle SOy additive systems, the oxidant support
materials and SO, absorbent materials of applicants’
SOy additive systems must be made with large
15 proportions of certain materials, and not made with
certain other less undesired materials, or, at the

very least, be made with relatively 1little of the

undesired materials. These limitations and/or
prohibitions in formulating applicants' multi-
20 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
25 "single particle species," SOy additives.

For example, applicants have found that the
amount of alumina (Al,0,) used in their support
materials for their oxidation catalyst ingredients
should not constitute any more than about 10 weight

30 percent of the overall oxidation catalyst component.



-32 PCT/ US98/ 16635 of layers of silica and al um na sheets wherein the ratio
of silica sheet to alum na sheet gives rise to a 1:1, dinorphic, or
two-sheet, kaolin clay unit wherein the tips of the silica tetrahedra

proj ect BVOAR¥HIZh hydroxyl plane of the material's octahedP§T/E398@663and
Teplaces two thirds of the hydroxyl ions (bearing in mnd that the al um na
.sheet in such clays has an upper and a-R&wer plane both consi sting of
hydroxyl ions between which is a plane of Al'" to ions, that are

oct ahedral | y cderei narederabliye hyabhpbitagkslipspxiBatilons dedtalysbn as it
may, applicant_s lim tgti ons .rﬁgardi ng kaolin_are also.rather surprising in

that this type”SFPRreN has Bédn wi FESFaEd, TR | aPJeMdBAcent atOohs, in
many prior 15 i ep i &l agddi t.i . i

adnoni tion-1i nﬁ%%?%%vgggar S?Eﬁiggt %gaﬁgé o%gkgglg'i%? c‘?%éfans%pﬁﬁ ctél?l?s SO,
absor bent conpbaent s tilto sthangs isisybep gonttriasle t ospheifeact tlal kaolin

can be used, in_large proportiaons, in the SOZ -~ SO, 20 oxidation catal yst
conponént of APHIEEMES' aXeX sdbeni veorpEiseRd. oF | ifaem c58 hbeevaSs be used

in applicants’ . absarhent conpanent en_|.t 4.5, a . part_of various
conpounds ot he%ﬁfgﬁlalﬁasﬁlp‘lqég‘)a'nq kagﬁ;nasrc%y. abg)rl_lf né")?anl_b?‘é? ﬁ?‘?’b‘gn

enpl oyed in then{or gmel afBAREeSs M aSiuniGaing, hparEk e Sbinbbhes S{dd con
titanate, and/or silicon zirconate may constitute up to about 40 wei ght
percent of theses sigmportahwteniml kydooxite"SQs defdnkdntin Apa irnaed s al so
prefer that those 30 atons, or rougs of atons that are chem cally conbi ned

with a silicoPPRAPRIRM PO MAROCORGEH-58FF 23Y2MPEENEDEM a8B3E- - 33
kaol o o111 2o COEALRND £ompRnS e PLESCT MRS PG |

stoi chionetri ¢ amount “requi react the siTicon. :
note on the suljngdnéit sbti€ne- sontaidi thive osporads 6ot BRE st balt nkaol in),
applicants have generally found that use of alumnumsilicate in

appl i cants' SGlisdismawents prielicdiexgpeagaliny gbbd Lesubven Smorel 1

Further Findi~g~ gse: S sorbents | i,cants have noted that, contrary to
single 10 par tﬂqiﬂférrﬁﬁ%aﬁgﬁ i v&BysEehBitHE, eik}yaq\;‘?ﬂ’ill r aFREPOUN t ed

choi ce of abs j id id €1 Fe i nt
materials in S{Jc rg';Cf%r}}g ea%ﬁrt?écﬁgl Sogg%dja%%ﬁlgs g?ﬁggﬁﬁﬁggggyﬁg

al um mg8), use ceimpa@ErteaNts’ nuiThiisparticdbe SOstaddist i veir5 syskeps

consi derably broadens, applicants’' chojice of the S03 absorbents to include
many ot her natcaftaadigteinciekan héret bR8r ef 3¢ c tdtabmanyor agy@inumsi ngl e

particle SO adgdlues: FOhpEXRER! 8re®d Hifule 0884 V&' RIBR!S 1N

X
0]

G oup la and er 1-odi
concentrations in many single particle, S0,
additives.
20 Be that as it may, for 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
25 diagram" such as that found on page 9, ACS Monograph
184, Industrial Alumina Chemicals, Misra, Chanakya,
1986, which is incorporated by reference herein,
shows that the term "aluminum hydroxide" can have a
rather broad meaning that includes many different
30 phase forms of that compound. For example, this

reference points out that there are "crystalline®



20 Tabl e have not been widely used in SOx additives, but serve nicely as
SOx absorbents in applicants' SO absorbent conponents. And the sane is
al so true_of various oxides of certain rare earth netals e.g., cerium

| ant hanun¥Zht”JP%seodyni um 25 Applicants' conparative expe‘?‘??@ﬁ?sél“%rk
with respect to the relative nerits of single particle species SOx

addi tives versus the nulti-particle SO #3diti ve systems of this patent

di scl osure general ly showed that st. prior art SO, ,absorbents can be 30
di vi ded into th'{%“%r 82d %ﬁf@g‘b‘i’f‘ggﬁydﬁ%d‘s’é{% hé}‘aﬁr elncyigsigg/a 1 FAxratsy
PCT/ US98/ 16635 I n%gﬁ',ts 9 4f, j | t se that_ absorb
noder at e am)unti’}dg@' Séiuan a?glaélrn%r s;&gﬁﬂﬁﬂr@%‘t&% u%]té and ose t hat
absorb | arge anmmerof ab®' qibbsdite Nobayerytsl akirel i Rosdshrlndite .

Stenperature environnents. General ly speaking, applicants found that inusing
singl e particl @peci €3asexfagaitiliones diagaad hatsrg SbowsSOEox seaaisl and SO,
absorbentsin the sane t.i Cl hasi s i rer acedupon_nmgterial s

wi t h10nBder at e Hi5SH ptﬁp'gjﬁclgg?ﬁg@qeﬁ?’fleiesandﬁggc%' St d #I i ?Wgﬁagtﬂ&ﬂecant s

mul ti-particle S U1 ¥ eISyei 888, hewriisdd has bq@(} ol t t here
are instanceswhere J'matt eri afds W th hi ghSO\,tﬁ:;bsor ption an 1-{0\/\L{:Ir;,’é‘fjablg |ht y can
be used togreatdimchpenteage. ARoLhéex asgpayatde andsudist bhapplgmaun sof

studi esregarding the relative absorption capabilities ofabsorbents nade
from vari ous i 9F ald LelZhehASsh Figsitd onaplErgram

T
| 20Magnesi a Soyrc I Q0.9 % ~Rol qm. te7 (first type)l1i0Myo
(second type) 1}7!\/9%%}ﬁ&ld%?lfgge%%%ﬁ@lﬁ%]%%) : %@rﬂegpéﬁ
Acet at gg4Magneginem b4 d ahe 1 T agagSinensthl or vigHVEgRESA 1R inquished
Hydr oxi de7930Magnesi um Car bonat e144Magnesi um For mat el05Hydrotal cite--- Sone
of the nore abfaoberttherafjorgstaltdnedi fiorpsc ovhoadtmipent diydroxtdy wel | in

applicants SOx \/\gpQ 1 11372 -35 PCI/ US98/ 16635 absqQrbent conponents even
t hough they doTR&€ Sn pa'F}Llf"c@Iegﬂ A 95PYER ngfe oARL IS Sok

addi tives. Apply %gabgo@hgqtaaveaﬁaundxmﬂ TBENESE ferdSt PArd G ALLY
effective as a § absor bent ingredient
hydroxide (which is also often referred to as

15 "amorphous alumina"). In any case, all of these
materials should |Dbe considered as "aluminum‘
hydroxide compound(s)" for the purposes of this

patent disclosure and their concentrations in the

oxidation catalyst components of this patent

20 disclosure should not be more than about 10% by

weight of said oxidation catalyst component. Better

yet, these materials should not be used at all in

applicants' SO, — SO, oxidation catalyst components.

Again, these prohibitions and limitations are quite

25 unexpected since alumina (Al,0;) and many of these

alumina hydroxide compounds have been widely used,

in very large proportions, in many prior art, single
particle species, SO, additives.

By way of contrast, aluminum-containing

30 compounds (that are mnot alumina or aluminum

hydroxides) that are suitable for use in applicants'



5 in their SOx absorbent conponents when the nagnesia ingredient is
-obt ai ned fromthermal deconposition of certain magnesia salts such as
magnesi um acet at e, magnesi um hydr oxy acetate and magnesi um f or mat e. .
Aaa~t i onaVOP137%as re Har den~ng, Acrent~ 10 One of the maj oPCHUSAHIEEHT ages
of using magnesia in applicant s SO, absorbents is that particles that
contain large percentages of it tend to-Bé-too "soft" for use in FCC units.
To correct this deficiency with respect to FCC applications_ 15 (fl uid-bed
and fixed-bed oFsdansoar €atR1yEL IPPREBLEY Lh Propecsions dpptgeant s

found that use 21% certoai n webg known h%g denin gent %%2 be used to great

advant age. In &A% at® aBptPBhint BRSFE S ou®Yttat 18 r FAWRRPRERNt S

should be 20 Powdeead MBbeldhnd Naksar ¢ chgtalddilig | N Adyeddpct iprypl urry
[

used to fornulate the ingredients for the SO absorbent conponent.
Preferably, poedemetitmateoral gronps haffe gphathentes wkiser avgigsge whaneters
of less than about 2.5 mcrons. It is 25 also preferred that these
har denihg agenfxvasn i chbanéna| viAleQek i 0& Wik (P8 otgepupagrismiiisht s in

the wet reaction slurry.int.qQ whi L are introduced. Anqgt her sired
property of thafe WAt d r},uﬁld-%él&p ngS:ISa?c[)'{'hEI rc8\g\1/h°i%ﬁ’#§r eﬂ?éﬁ iIH‘yq:t 30
absorb 50, . Top&egéaiﬁgdspagagkagﬁnts e enp De8d of VRURY 143 (fitibhn-
PCT/ US98/ 16635t hat sone particularly useful hardening agents for the

practi ce of thcentaieingoncampommdsus(tbans efreal umthunadiuhinat enr
magnesi um al um pates, magnesjum silicate and magnesi um cal ciumsilicate.

Moreover, 5 ceftEMARHE: ur QY het | ¥OLays) Jt‘}ﬁi'tUda?e aétl!u\V@n@t“hpki ng
catalyds, alsgifafabe Uaddehidnpflvarniagecas NAMAMAD A0C0LS.LR appl | cant s
they es that are

S0, absorbent conponents Since 00 contaln active SI

capabl e of absgpabhagibfl, . anpheseof clagack0 usPiminhm-&bhEaiedagd woul d
i nclude halloysite, rectorate, hectorite, nontnorillinite, synthetic

nmont noxi | | i ni t epmpephdki ey acenghituteepimdmt abaud, M th takwowt edisous! y
noted proportion limtation (i..e., not nore than 50 i,ght percent of the
SO, 15 absor beﬂ?rﬁﬁﬁ]ﬁorﬂe%t PP 34t ExPres: iﬂxﬂ)g\é\‘gr‘r?‘npl Fﬁﬁigﬁﬁuag_e, a
particularly peghspheftenbetia®iindt ARPLEEaNES sHPEaRAd (e a¥8’ agb W H
conprise a SQZ -~ SO, oxidation catalyst conponent and an S03 absor bent
conporient 20 weeppont mhtetia@lSOzin 3aPpliorntati axickitdlorst casatespri sed of
a nmetal selected fromthe group consisting of a petal having ,an atomc
number of at |€@QBPOREREE net®dd fr onPEEEGS 1B of 2EKEOP4A odi E1¥@BEE, a netal

from G oup 11B, f_ e Peri.qqj.c JLahle, %ﬁﬁi t al ‘1{%0 ?d I gQVIII of
the Periodic T%g Je'&l?glhd garsf%?{ea%esalr [ mefal o?ifst _hel rio |2%'|?C:1bl Jéia nd (b) a
bi nder sel ect eghbgpant e n@iteul Ofs MeeabCoONtmaNi NgkeqiBRUNESnEODELERI NG Of
calciumalumnate, alumnumsilicate, alumnumtitanate,
from about 5 to about 99 weight percent of the
20 oxidation catalyst components of this patent
disclosure. As a final note with respect to those
other materials suitable for wuse as support
materials for the oxidation catalyst component of
applicants' S0, additive system, it 1is preferred
25 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).



30 alum num zirconate, zinc titanate, magnesia, alum na,
al um num cont ai ni ng netal oxide conpound, WO 99/1 | 372 -37 PCT/ US98/ 16635

al um num hwdreoxiiske, clay, zirconia, titania, silica, clay/ phgs_ﬁgat e
material and bastnaesite and which, if enployed at all, cont&fHESHG6Hsr e
than about 10 wei ght percent alum num hydroxide and no nore than 5 about 10

wei ght percent alunmina (A1,0,); and (2) a“ 30, absorbent conponent that is
physi cal ly separate and di sti [Eb%@%%@;é% - -~ qu oxi dation catal yst
conponent and conprises: (a) a%ﬁe a om t he group
consi sting of magneshathahghi rme Ifhtcet£hum(al yni naf qu&fg,eg#gwigéi gg

i'ngr edi ent,

hydrotal cite, h&drota[cite-lLke conpounds and, as an optiona
al so contains aM3gppoie/AhuBinal sepbided $obmtide graugh of aEet akpgki des

consisting of c | | uni. nat nesia, .alumna, silica, 15 kaolin clay,
titania clays, é*%#%%‘gs%%?gdigggggagswlﬁ rc YR EE M, mawii earvefasnpl oyed
at all, sontai nsof &Wrso! hbsadh e 19nueLght wpercent_silica and po nore

t han about 50 wei ght percaent kaol i n clgy. %BQS%%%/%QHE%SS - 38
FURTHER DETAI LED DEBERPRBRICENS«OFo HEE hliNVERRY Rl Re €l , atd e FE oReLt i ga;s of

| ngredi ents

absorbent component will, however, more preferably
comprise at least one sulfur trioxide (S0,)
absorbent ingredient and at least one, chemically
10 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
15 ingredient, all such S0, absorbent ingredient (s)
will be selected primarily for their ability to bot:h~
"pick up" and "give up" sulfur trioxide. Metal
oxides selected from the group consisting of
hydrotalcite, hydrotalcite-like compounds, magnesia,
20 alumina, calcium aluminate and calcium oxide are
particularly effective as SO, absorbents in the
practice of this invention. Other  useful
ingredients for creating SO, absorbents will include
magnesium acetate, magnesium nitrate, magnesium
25 hydroxide, magnesium carbonate, magnesium formate,
magnesium chloride, magnesium aluminate, hydrous
magnesium silicate, magnesium calcium silicate,
calcium silicate, as well as other magnesium-
containing compounds.
30 Of these materials, hydrotalcite and various

hydrotalcite-like materials are particularly



The relative proportions of the various ingredients in applicants' initial,
““wet" reaction 5 conpositions, wll not equal the relative proportions of
those ingredients in the "dry", postcal cined, end products (e. g., in the
m cr osphé¥ePttal3’particle or pellet forms in which applicantPET/B98d6Ss ar e
ultimately nmade and then used). This 10 follows fromthe fact that the
liquid nmedia and certain volatile ingrediéents) that are used to create
‘applicants' initial, wet, reaction conpositions will be virtually

conpl etely drimeafettreduri ng AppBecanikilledsednenttBpsay adtyi ngiabd 15

cal ci ning steps._ | ndeed, n t hese i.ngredients wll_undergo a change in
their cheni cal 2PRERER eagﬁ3¥rg£’ﬁl f“%reralp% iceé'}ﬂ@slléa?%ﬁ?ﬁ?Gntgtéﬁ. For
exanpl e, magnesy e wCa naj e, mAiy i di i1l each
be converted tolll %ggglﬁgﬁne% o&?ge %s %%%éﬁ?mo%ﬁ%hg%?%i nlg)?élig% tep of
applicants' oveiebbnaseuf attrucitngepr ocitsls. Thes, cIABSEddl befewn@iyes t he

broad ranges and the preferred concentration for the various ingredients
that cdnpri se M@@ili.d ) siCOhosHEQCal ciTHEF makgriadnd 25dgsedibedSGn
additives. It shoul d_be_under st god, t hat_ nany .optional ingredients
(other than oﬁ%ﬁal Pﬁ%{;%?ﬁ?%boﬁaéntg?rﬁﬁ?]édife%f s)ﬁﬁ%ri‘%& O hg:’aﬁﬁ)m of
metal oxides) €aRgbgumMsed b9-6nbanas t\ﬂagﬁ@@ah&cra%hﬁﬂxm Sl Afladde SOz ~
SO, oxidation WO 99/1 1372 PCT/ US98/ 16635 -39 5 10 catal yst component or

the SO3 absor igndrervigenentydirasepghiycdamitsilcS®e .2ddi t i veThgst erghidihese

optional ingredjents mght, include viscosity agents, gas evol ution agents,
etc. If they SAELEREANCLARING || ‘EE"H@@‘T’?‘EEE%%% fute cfgom FFHATR LD about

20 wei.ght perce i . 3 ! i re.. For_the.no art,
howevelg)!1 mstcpop%?%%gﬁgné?lggi e %r%f&‘fﬁégg I@gﬁ%rt ﬁendénﬁ?}l?ebz:ﬁlfged to
enhance the ”&ﬁ&&fcﬁ&éUF}é-’l&ypr@Eﬁﬁﬁacbgﬂbnwﬂdtﬂ&zﬁoﬂﬁF@c@eﬁ dihveepy f by
applicant's spray drying and/or calcination steps. In any event, regarding
t he ingredi entGaxdatNameef oud2l- 9 n0@pphBcawedl past - theci madtendtadrisal s, the

preferred concentrations thereof are: ~AHLE || .15 20 ,~%Ad,ditive Syst ens
S0, -~ SO, OxidR&tbrY wto ofPerefBSEal §8t %4'&?&?’?9"?1?1%5 G PBORE ~ S0,

oxidant 5 to 93 3Q BLpdey sget e &n i 1 PeadPibn corresponds to the

15 loss of both the OH water (water of hydration) and.
CO,. This structural change is however reversible,
meaning that once heated above 450°C, further
reaction with water will cause this hydrotalcite
structure to <reappear, as can be verified by

20 subsequent x-ray diffraction tests, and the
resulting material will again show an ability to
undergo its characteristic endothermic reaction.

Next, it should be noted that, strictly
speaking, the above statements apply to hydrotalcite

25 having the above-noted classical formula. It is
also the case however that changes in the processing
conditions (composition, temperature, pressure,
humidity, etec.) used to make catalytic materials
containing hydrotalcite also can result in

30 production of materials having non-stoichiometric

hydrotalcite structures and which possess XRD



Total 100% 100% SO, Absorbent 25 30 SO, absorbent 5 to 100 60 SO, Support 5
to 100 30 Optional Hardening Agent Ingredients) O to 20 8 Optional SOz ~
SO Oxi dwQ #1182t al yst T n _aredi ent 0 to 5 Total 100% 100RGeT/USYS1869511372 P
CT/ US98/ 16635 -40 spray Drying Operations Wien they are used, the spray

. drying processes used to create m crosphesoidal fornms of applicants' SQZ
.--~ S0, oxidant catal yst conponents and SO, 5 absorbent conponents each can
be carried outpantemid wmovinm defharqficom Ghosealdiyeapehki ngppSWekdaspr ay
dryi ng shoul d be desianed to produce m croospherqidal particles having a

range of sizedWRGT #Ral788sent %Aty BYErotédcpserildkes maEkrrBelset ai ned
by a 10 St andg;ig_}uéi%gtlg%pa% ggrgg@enea:{sﬂnféégn&)al éé{hg%lmgg%gsggat I cles

will be passe SCT een.
aluminum  hydroxide-containing compounds, e.g.,
5 magnesium aluminum hydroxide hydrate (ICDD card No.

35-0965), magnesium aluminum hydrate (ICDD Card No.
35-1275) and magnesium aluminum hydroxide hydrate
(ICDD Card No. 35-0964). Although an exact match
may not always be made by XRD, such structures can
10 be further surmised empirically by running various

tests (e.g., differential scanning calorimetry (DSC)

and thermogravimetric analysis (TGA)) on a given
sample. This is based upon the fact that the
bonding of certain components (e.g., carbonate
15 and/or OH water) to such “hydrotalcite-like”

structures will have a certain enexrgy related to it

with respect to breaking the bonds and a subsequent

absorption of heat. Also accompanying such

reactions is a loss in mass of the sample. TGA can

20 measure such losses while DSC procedures can measure

both the type of reaction as well as the heat
absorbed or evolved.

Next it should be noted that since the ability

of such hydrotalcite-like materials to absorb SO, is

25 not particularly dependent on their compositions

strictly adhering to the previously noted classical

formula for hydrotalcite, many other non-

stoichiometric compositions of hydrotalcite and

hydrotalcite-like composition also can be used in

30 the practice of this invention. Preferably, all of

these compositions should contain OH water and/or



Qtional Drxing Procedures It should also be noted that in addition to al5
"'spray drying step that may be used to produce m crospheroidal forns of

appl i cantg; --~ SO oxidation catal yst conponents and S or hent
_corrponent‘z',o Sﬁagyﬁer ei ndescri bed manufacturing processes nayggzﬂ‘gﬁﬁ/{%ﬁ
enhanced by use of separate 20 and distinct drying steps. They normally

MW Il be carried out after the drying \/\h‘l%@]‘naturally results fromthe spray
drying step (or _fromthose qther dryi.ng steps, used to produce pellet formns
of “appl i cants’ cﬁﬁ{’@?‘ia ). Sfth a&tﬁ%]i%_nal rE‘?J_y?Cﬁ‘éf?\FII 25t AtdiesSser ve to
renove any rengppka “‘emﬁﬁé of tg@m]%bgytgoﬁgd! Um;!b?ﬁ?eégiﬁ eatesg‘l%%t

i ch y he I nters 0 he

reaction m xtures be stil1l present in i ces

particles and/ hydassaticdtred 1dikieh stunivtates inds s smptoyell Hed atieon.
Drying times for such distinct ~— WO 99/11372 -41 PCT/ US98/ 16635 dryi ng
steps W || norBERFHiEgkeCEr dhEDoUNVERE IR0Ur s t SugBout'hydrhsadsise-

t enper at ures Lech,preferably ran fra ut 200F .t o about 500F_ (at

at _rm_sp?l"'[éri c p\rl\lgégﬁre)“}a_tbeiﬁlar%s aﬁfgggselggggg%’ téﬁgerl?ﬁ' ufes [raaf eP(et han the
boi ling point einibeqdl i ¢, d nRdirHeER OYSHd(_eI&dngfﬁ'@cte?.r_thaﬁ'hél-,%': in the
case of water) Iin the "wet" reaction conpositions. "~,alcinir~ct Procedures

10 After sprayski¥lad (iim t tdimaseaf natsospwéddi dappesatiates) the

desiccation (in ,the case of pelgﬁ% for of applicants' materi al sé -t
5 Bus

remai ns only tblEakatike & FYSRLFY t Retahfly #Po B Gt BREGK A

duced and t.hei sy, 15 ' - 0X§ ' ients to thei id
Porme. Thi s i o BHEPBEDI § Mine T e iE o ot bhoeblD, el fuad ' PRe O

cal cinggion st gpnerevesal Dydpireau@ield.anyIokayi baseomanssd saandnigpl ace
them wi th oxygen and thereby produce a final product having predom nantly
20 the oxide folap ofineralisndgialf egostathe magnd situnoanst eplahiouser ves to
drive off, as gaseous Qxi all t he desjrabl e" conponents of the

t
resul ting met a??%x?ﬁgtﬂrﬁ_flgg;"&h’s.pr e %F_Hﬂ?s?(’félc&%i% CRED will
drive off the Jffé&%&hg%gﬁq' a Ads 25 £RRY @6l dﬁut¥gage§! tys alg%&ts aﬁé’é@ﬁ%gas

evol uti on agen may have been used i e original wet,”reaction

m xture that egisébdsteéore dpphicqusedur essener eoifnpl eghpat ed. t&ugh
calcination is readily acconplished by heating the products of the 30 spray
dryi ng-Step - ORy@rotatcdpel ofdoudesiReabpban to include not only

hydrotalcite forms having the above-noted classical
formula, but also hydrotalcite-like structures or
anionic clay structures such as those of Manasseite
and Indigirite.

20 Next it should be again noted that applicants'
SO, absorbent components also may be provided with
their own S0, - so, oxidation catalyst
ingredient (s). By way of example only, one or more
of the particle species that make up applicants' SO,

25 absorbent component may - as an option, and not a
requirement - be provided with SO, — SO, catalysts
selected from the group consisting of cerium,
vanadium, platinum, palladium, rhodium, iridium,
molybdenum, tungsten, copper, chromium, nickel,

30 manganese, cobalt, iron, ytterbium, and uranium. Of

these possible SO0, — SO, oxidation catalysts,



WD 99/ 11372 -42 PCT/ US98/ 16635 step - at tenperatures ranging from about
600C to about 700C (preferably at atnospheric pressure) for from about 20

- m nutes twoapopy2 60 m nutes, and nost preferably at about eb@fsbfisgabout 30
m nutes. 5 TGA MP, ~asurenents Measurenents of the absorption rate of SOx on
- various experinmental additives were obtghr_led on a nodified
thernogravinetric analysis unit (TGA). The equi pnment consisted of a Pol yner

Laboratories Sfhadia5A8st isrdwnat avbmaidi g %ft%fﬂYWéﬁ&t've _

m croconputer. Generally speaking, approximately 10 ml1igranms of a given
sanpl e was | ocigd oxidntaiaer gatelyatpl n béde acwoinbhent edfund@dingr izpus
conditions. SOx_ pick-up.was nornalized tqQ the weight 15 at the point where

SOx gas commentsd t PFEIFREroddied. FRBLEGAPSSI'ti onS8f t hebsexrbent gas

enpl oyed was ppm-502 % %02, wi.th the bal ance being
nitrogen. In tﬁe 1céa%leera:g&'qt est sﬂofals% %’%g&jd ok%gdg\#ttéa mu)?(t EPES RS g. |

50/ 50 20 mi xt wies by ghtanedian pdsonbeat and an @d dapbswenenpsed and
the weight of the SO, picked up the absorbent was neasured. In general,
when the obj asmpanasit t hetexper i dghlyas nnefiaxnedn 3Gt - -£h&SO, s@xi dant, a
st andard absoragg{%at wa%(us d; thi s 25 standar,d absorbent was pregared by the
process descri The a?r%?‘@ Ve, ¥t FRETSHS | ARAPSRenks bholeed -magnesi a
powder was eng| £ R 143724 - #BaPCEHES Qsﬁeg'r’tlse t r. hand,
when the pur g%??ig%agn Sexpag‘r%f ment was ?o test%ayn absor %ﬁt Rgggépgﬁdard

oxi dant, prepdred tseflescsodbedabsoxenypl e céomporentsed. Thervesul tg of the
TGA experinments were taken 5 in two forns. In one, the percent weight
changdOaft er PREVIERAE stBe @RARY" t 8ft hehSoYagadid xEupm weke msgsur ed.

IS AeE ULt SaB ke i gl PASRBEa L Lt Phiine, I Lhe

second form of* ing the results wa

rat fhgf S:bsor Ridn indes© f anid iy aMich riigH assask Aty t&‘@tg?ﬁgﬁngfthn wei ght
npl e per mnute. To these ends, applicants established certain
criteria basedhdrelt hkheEEASOgsalitstias awet ubednet by a SOx additive if it
is to have conmerci al ) .
And, as was the case with applicants' SO, — SO,

15 oxidation catalyst components, the S0, absorbent
starting ingredient metal(s) can be in their oxide,
acetate, nitrate, chloride, carbonate, formate, etc.
forms when they are first introduced into the wet
reaction systems employed to formulate these SO,

20 absorbent components. Again, the metal salt forms
that are most suitable for creating applicants' SO,
absorbent components are preferably selected from
the group consisting of calcium aluminate,
hydrotalcite, hydrotalcite-like compounds, calcium

25 oxide, aluminum oxide, magnesium oxide {and
especially its periclase phase), magnesium acetate,
magnesium nitrate, magnesium chloride, magnesium
hydroxide, magnesium carbonate, magnesium formate,
magnesium aluminates, hydrous magnesium silicates

30 (e.g., talc), magnesium calcium silicates (e.qg.,

dolomite), and calcium silicate le.g.,



15 viability. For exanple, applicants have found that a SOx additive nust
“have an initial pick-up rate of at |east about 0.10 percent per mnute in
such tests, it _also preferably will have a nmaxi num absorption of 40% by

wei ght aWod?“é?%y it nust be 20 regenerable. That is to saf“dfiaP¥Mee, it
‘reaches its maximumgain in weight it nust rapidly return to the base |line
_when hydrogen is passed over the sanpl23%Applicants have al so found that if

a SOx additive S a maxi num absorption greater than 40% 25 this

i nprovenent i é"cﬂgtasaq‘?/%{)%e real i 5 nagégﬁer c?’éﬂwed’r?é?'at SRt 1Rt 2kanpl e,
applicants devel . additiv t hack zg.ygg_ iC of .70% on the
TG, in com"re\réglgﬁgart?lar}irg %E&E\,S‘?’i?ﬁi S natl:lrﬁfe I 1gdot gglg,rfé?mota}h? better
than an addi t ine-Fkid net S0 % sus Mol pinedeed. sdes £6 tReSay ndiefe was
WO 99/ 11372 PCT/ US98/ 16635 -44 no corresponding reduction in the amunt of
addi tive requioxddie Eammove a certain amount of SOX. Conparisons with

Certain Prior Art Single Particle Species. SO- Additives , 5 Applicants
conducted various tests ainmed at conparing the nulti-particle, SOX additive

syste of this pat eng d'O S it h,vari,o io]rc [ t:single particle,
SOX additives. These %%m ’r@é%%%é%@%—ﬁpon conparative
TGA tests. 10 By V\@f ficompl e goly, ddwsid ts jefq.s0Refifs t hese tests
are summari zed in TABLE I11. Composition Percent Increase in Initial Rate
15 mass after pzefemadlyf Atsmd ptiomn ¢weefyghttpencentdtlf wea ghsupeoaent
/Imnute) _ Single Particle 61 1.9 SOX Addit ive 20 Dual Particle 48 1.5
Sanpl e A* Duafapgriiedl e 583 eFt@ ISy A BL R 1al IPARRI cFENE2SEiRgP50Lf 1~ e CF

calcium aluminate, aluminum nitrohydrate, aluminum

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

clay-phosphate materials (and especially those whose

phosphate source is phosphoric acid or dibasic.
15 ammonium phosphate e.g., those produced by the

methods taught in U.S. Patents 5,190,902 and

5,288,739). Again, the presence of magnesia in the

SO, absorbent is highly preferred when said

absorbent also has a vanadia component in the same
20 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 wvarious phase forms. By way of contrast with

25 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 omne

30 other non-silicon containing oxide component.



*Note that the follow ng statenents help to better describe the Dual
-Particle sanples: Sanple A: Sanple A was conprised of a m xture of

absor bent wangd/ighes from Exanple 1 and oxidant 30 particl esphramibxasple 7.
The m xture contai ned 50 wei ght percent absorbent and 50 weil ght percent

‘oxi dant . WO 99/ 11372 -45 PCT/LJS98/1 bg35 Sanple H Sanple B was
conprised of a m xture of absorbent particles from Exanple 2 and oxi dant

particles fronmgégggl 6. oFhe gixhure Wl \ei ght ent._ absor bent
and 50 wei ght per centeesS oggfdantm.légarrp?ggggéga?r%lng%é\éﬁa co%%?“&)sogﬁ“%f a

m xture of absdmeidringanhdetesappbivdnaspl aude and oxhdanttfant iyhas from
Exampl e 6. The mi xture contai ned 50 wei ght percent absorbent and 50 wei ght
percent ZO oxi d&FHLUden GRICIHReS1ligateni Magnasiun fibbsare! i andwas

determ ned for _the first.15. mnutes of. | ckup., Q her Findings re:
Conparat, 'vP 1’55?5?%;5 %pl%lgg%%é&%o%ﬁ&igﬁ%és e?g‘gr’i MTRSE priogiafeal so
establighed thgariety hyfr CRAPOMEAGHTY A YSbitrsq 1Y i in FCC
units display sone, gfl beit i r%bt ed, ability to absorbgsgj?gl%ﬁ'gg?gsprobabl y
due to the w ddepgead kseldhitert asermentime?20 pyrophefildkeni naaie,many FCC
hydr ocar bon cracki ngtcat al ysts., _Appl.icants be|lieve that the |limtations on

the ability of SPRESECRaMEM 5‘P§lt]-&°élﬂ-§@r'b Fmyeheteel ylibitewsmicam t he
fact that therBrEf:ElQOm?g?y' Eh%gri@é' gﬁ’f& Ié}ﬁﬁgﬂk{? erials in such 25

hydr ocar bon cracking ca st particles. er words; applicants
concl uded that many hydrocarbon cracking catal ysts could also serve to
absorb SO03 if a oxidation catalyst for converting S02 to SO3 al so were used

in conjunctionagiibibhelhydinddéatgone3l0 cracki ng catal ysts. Applicants al so
found xthat thi Supports for SO, Absorbent Ingredients

Applicants have found that in the case of
silica (Si0,), no more than about 10 weight percent
of it should be used in any one particle species of
applicants' SO, absorbent component. It is even

15 more preferred that no silica (Si0,) whatsoever be
so employed. Applicants have also found that when
kaolin «clay is wused in their SO, absorbent
components, it too should be used in somewhat
limited proportions; applicants have found for

20 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' SO, absorbent

25 component - and it is even more preferred that no
more about 30% of it be used in any given S0,
absorbent component particle.

Applicants also would note that, for the
purposes of this patent disclosure, the term "kaolin

30 clay" should be taken to mean those clays composed



WD 99/11372 -46 PCT/ US98/ 16635 can be achi eved even when at |east one

- oxidation catalyst is not physically associated with an SO, absorbent in

t he samewaeddittazze particle and not physically associ ated wEhugedhkgdsocar bon
cracking 5 catalyst in the same particle. Several of applicants'
“experinments confirmed that all of this_¢ygs indeed the case. Wen

. applicants' SO absorbent materials were in fact added to such hydrocarbon
cracking syst es,1dye#8s ofowid it andWiademi i enekds of;nECE shy dngear bon
cracking catal yst (and especially bottons cracking systens gﬂ SO serve to
absorb SO whirb&ist idi gickifaa nileet hedr ahydingasheatcydeieisng fdeaid on - i f
sufficient cagabi lity to catal yze the conversion of S02 to SO03 exists in

the overal |l 18 chtatysStiRRET ARH | ¥R SREPSo FRRPHIRhALA eiunisOK
additive syst p i hi 5¢" ay . t i dation .function
particulariy &BHFF%%henEft?%egg %e ?Jge |én 3 ﬁgé?u(rig%v%at]%%g%r SFLIEEY cracki ng
catal ysts andiaas, drhetigdeseyl fplanehebadies mitedbi HBr i sekakleyghf ective
hydrocarbon cracking catal yst/SOx additive systems - and especially those
conpri sed of &hgaforangroteplaeeyd. wi0- Dol Bds bofwshghthydooxyl dipneei ght
basis) of a bk/lgk \%édr ocar ban Cgr ki_.ng, cat ali/st. and m nor, anount 25
(e.g., 0.5-10906§Td&ghtLoM:R r3: i gft*ehadt Lying §art’s' S8ER additive
system Expre i n i UB G tg@%z ing the
useful life o?ﬁﬁygoga%gtg?t ?J\E/Dge?ygﬂed?nruﬁavi nglsgﬁksbor?ga- ~ ég{)%lsgé%lggg cat al yst

30 conponent afid lyrdiSsxyhbionkerte twapnnehtichi |is canpsisge G £rpl oyi ng
the SOx additive systemin WD 99/11372 -47 PCT/ US98/ 16635 the form of at
| east1@ wo phyiPR&l | ytdiast i pge poatahiedmpdy esaprstigiatedfi ket pheticle

speci es contain he.S02 ~ SQ oxigatiqgn catalyst, conponent, and carries out
a primary fpﬁlﬁ"?ﬁ‘%xg’f‘ &r!%ﬁpz"fqng_ 5 481 R éi%ﬂli‘b%mﬁr 17 iB%¥de and the
second partichspspeahes i S1Rysieabhy {2 Fh AN a1 St n‘é&effgg%he first

particle species and carries out the function of absorbing the . produced
by the S0, SOratixedasuspréatnpydin dchasoridvits, tyDe efpladnchddebdédn SO3 -~

SO, oxidation catalyst %orrpon%g inthe formof first particle that

conmprises: (aJ1GetVi BSpderlt langs GRNGSRFBHACEARSY yiP FHRY iREHPBHf a net al

Teast 20, a reXal froefe pRitit, @ WAL R 0E.8R. 81O Crfigber of &t
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 SO0, — s0,
20 oxidation catalyst component of applicants' S0,
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
25 example, silicon employed in the form of magnesium
silicate, aluminum silicate, silicon titanate,

and/or silicon zirconate may constitute up to about
40 weight percent of these support materials for the
SO0, absorbent. Applicants also prefer that those
30 atoms or groups of atoms that are chemically

combined with a silicon component of such non-



15 1B of the Periodic Table, a netal from G oup 11B of the Periodic Table,
‘a netal fromGoups Il and VII1 of the Periodic Table and a rare earth
.met al of theﬂfer»odlc Tabl e; and (b) a binder selected fromthe group of
met al - conts %orrpounds consi sting of 20 cal ci um al um naPE€T/USa8/ 68N
silicate, alumnumtitanate, zinc titanate, alum num zirconate, magnesia,
al um na, aluninun}containing net al oxide3éonpound al um num hydr oxi de,

clay, zirconia, anla |I|ca cl ay/ phosphate material and 25
bast naesi te and“%h{ éﬁﬁpoﬁ?:}“a%&%ﬂ‘g EemParRdsndeopeeshan dbout 10

wei ght per cent u ydhoxi t han out_ 10 wei ght percent
al um na (AL,O0, e%%dv@’%é‘ rgﬁ Sgﬁggﬁﬁe%%%%r &gﬁporﬁfﬂuﬁrﬁacghéof or m of

a second parti deadthariBf €0EPELSe8on(a) Aaldrr%tsala o 481 SﬁbEEt 8?1 krQm t he
group WO 99/ 11372 -48 PCT/ US98116635 consi sting of cal cium al'umnat e,
al um na, hydr otsaxkz:'jqcet <h1§/d$blaCenteontlaena@gpmnmunm@neetneﬁndhgﬁl cium

oxi de, opt.i onal_.i.ngredi asu oft material selected fromthe
group o rret aI k&? (}Xllrae's %rftr‘@e}b”f Ve Ainfeune, thagnuseapfal uni na,
alumnumnitro t. al hl Lhic alumna, tjtania,
kaolin clay, c%%“%f%’é“pha#?l%efu a an%gg?gg%ﬁ?g, a%g’ v\,hi':"{é1 ?rPFnkﬁ'pl oyed
at all, contai psrodunoay esdearialldalmdd Xesvelitght percent silica and no nore
t han about 50 wei ght percent kaolin clay. $~presentativP~SO- Absorbent
Systens Exanp,, a 1 An al um na/ magnesi um hydroxy acetate/clay 15 slurry was
prepared by addi ng 2495 rams of .Condea P—3 Al um na Sol to 10.29 liters of
wat er cont ai ni #g-=% 8405 id. The addi tions

wer e perforned unde " t ons. ,Thereafte 2343 grams
of Condea P3 20 Al uitf %Eq'go?‘tt%p?gga;ae?eﬁ EHA%HnHQPtESFXd o%’enﬂ\?eﬁ’e added
to 25280grans phreagnesi soyhudadxy vac g@t%mswntéi%frﬁ%ﬂlt ¥ g dé{é% 345
grans of Theile RC-32 kaolin clay and 800 grans water were a he

resul ting sl urlymm§dsshaycm P&d a@ﬁ@nblﬁeltp%arl'ﬂ availahlreodiets. oftide spray

ryin r | f n n fl furn
drying were CapCI ggrgtd 65(90 gsor erllft urtng eha snuaf.n esucl:Jh asciengle

particle SO, additives being magnesia and alumina),
use of applicants' multi-particle So, additive

15 systems considerably broadens applicants' choice of
the SO, absorbents to include many other materials
that were heretofore unacceptable for use in single
particle SO, additives. For example, oxides of the
metallic elements in Group la and 2a of the Periodic

20 Table have not been widely used in S0, additives,
but serve nicely as S0, 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.

25 Applicants' comparative experimental work with
respect to the relative merits of single particle
species S0, additives versus the multi-particle S0,
additive systems of this patent disclosure generally
showed that most prior art SO, absorbents can be

30 divided into three broad categories; those that are



WO 99/11372 -49 PCT/L1S98/ 1663~ xa | e An al um na/ magnesi um hydr oxy

‘acet at e/ vanadi um oxal ate slurry was prepared by addi ng 2495 grans of Condea
P-3 Alumna Sol to 10.29 liters of water 5 that contained 111 granms of 84%
concent r WOP4L¥Ei ¢ acid. These additions were perforned untfeFUSHHEH e
agitation conditions. Thereafter, 2524 granms of P3 alumna sol, prepared in
the manner described above, was added t@®4524 grams of magnesi um hydroxy 10
acetate. To the resulting slurry, 211 granms of vanadi um oxal ate and 800

grams of water CHERELYHBEUITROLY F9 WBe EReCSpruRitR i ethame tthat
resulting part F&Iﬁ.%§b0%°%er}e&eat%‘8%’9&Loroég%%?#giﬁkgn:"ﬁ%l furnace. 15

Exanple 3 An a na/ nagnesi um roxy ace a % slurry

was prepared bypnaddidig,unier ARdendicadiiat | @Bso2hOq LA aﬁfouéi‘}%dea P-3
Alum na Sol to 10.29 liters of water 20 containing 11Z gramnms of 0
concentrated acéti 80aci dutThazeldindbnsvery e rahlbe nein undechnotdight e

agitation. Thereafter, 2246 grans of Condea P3_Al um na Sol, prepared as
noted above, WEEBPSIAEHTE (DL EPRRRNES - magneSPRRFRYd¥oxySREaKADE, To t he

25 resulting s g of ilq RC32 kaol jJ y slurr 211

gr ans vanadiun%gé%¥g?§égndkgggdgrgégﬁbfqﬂbtégg' e‘%@g@%? Tﬂ%réﬁﬁﬁFy was
spray dried angpkbgekesyd,i naqpiti€eées qaheiseed mvﬁﬁﬁC fiost B0 MBdlutes in
a nuffl e furnace. WO 99/ 1372 - 50 PCT/ US98/ 16635 Exal lie -4 An 4l um na
sol was first pkegantd lpdadif.n@ERaosberbss iCorkker PageAlpmrnacSel) ,to 10.29

liters water containing 111 grans 84%.concentrated acetic, 5 acid, The
addi ti ons mereeﬁgﬁ?ﬁ?ﬁedlﬁndgéaﬁﬁﬁyzﬁ%?ce giPB?Fonmﬁgﬁﬁ%ﬁ%ﬁw.wﬁﬁkt, an

aqueousy sl UrrymQfe PROSCSLEGLSE LbAALEpaBi T4 t YRRIGHR Igod P h 24 §r O
In applicants' multi-particle SO, additive systems,
however, it has been found that there are instances
where materials with high SO, absorption and low
stability can be used to great advantage. For

15 example, the results of applicants’ studies
regarding the relative absorption capabilities of-
absorbents made from various magnesium Dbased

materials are shown in Table I.

JABLE I

20 Magnesia Souxce rpti % Wei
Dolomite 78
Mgo (first type) 110
Mg0O (second type) 147
MgO (third type) 151

25 MgO (fourth type) 142
Magnesium Acetate "4
Magnesium Nitrate 11
Magnesium Chloride 57
Magnesium Hydroxide 79

30 Magnesium Carbonate 144
Magnesium Formate 105

Hydrotalcite ---

Some of the more absorbent magnesium-containing

compounds performed very well in applicants' SO,



1) was prepared to produce a 37% solids concentration. The resulting slurry
- was reduced in 10 particle size using a commercially available attritor
-mll. The duratjon of mlling was determ ned by the tine r i obtain
an aver ad\éoﬁ?ﬂlg%zcl e size of 2-3 um 2343 granms of Condea Pg%gj(qj%g/ﬁééggol,
prepared as noted above, was added to 15 2523 grans of magnesi um hydr oxy
.acetate. To this slurry, 490 grans of t‘ﬁé'magnesi umsilicate slurry and S00
grans water were added., The co eted slurr spr dried and then

cal ci ned at 6RREIHIERBH F@‘Hﬂ?’égg!:ﬁ EM g?’@%ﬁ?ﬁ&@& % FERTFFREB 2501
grans of P3 al umng S e g ] e e sy L OXY
acetate. To tf#%s u‘??é,ﬂ\gogégga%;ﬂ g?%gge?ieu%aﬁg r@g[te e mé‘s%a%%géd; téh)i S was
fol | owed by theywotkdhos ofalzb3 ghawe of fomamhdi tia25 omabateiand B82 grans
of Theile RC-32 .kaolin clay slurry. The slurry was_spray, dried and then
cal cined at 63wr#ibeudariy affectiEer gendcS0: aPEPTHLIIIANGYSI 1B/ 16635
-51 Representative SO, .= SO~~~ dant LB ~P le 6 2092 grans of
P3 al ufi na soll%ghﬁaﬁegoro%ggﬁgsagns% 0 Jn%g%%si%%g%x%%%?%fae. To
this slurry, ij%e&[@ﬁ of &BEAyARAI Frahe twagmaddedicdnpss Mesorf B4 owed by
the addition o 2 granms of Theile RC32 kaolin clay slurry to the system
The slurry wasceptayn dmaerhearic t bahtsal sicledaat GED®$bum3Gaataltes in a
muffl e furnace. 10 Exanple_ 7 1864 grams of P3 alum,na sol was added to Z508
grams of nmagneAaREHERoRYIERRY REStEES AP DREPPYIUBOFFMARE of cerium
nitrate was added; this was followed by the addition of 44S grans of

vanadi um 15 oxal ate and 382 grans of Theile RC-32 kaolin clay slurry. The
.slurry was spyay. dried, apd. then,calbci padaat i G 0 mnutes in a

nmuf fl e furnace pr e g 20 A y av e oxidation catal yst
sol d ungder the traden®@amefCORMH0 majousedizndaanbdgst . ofhi sastiateeri al

consi sts of 850 ppm of platinuminpregnated on a substrate of alpha
al um na. magnesia in applicants' SO, absorbents is that

\7 a7 .
CA

particles' that contain large percentages of it tend
to be too "soft" for use in FCC units. To correct
this deficiency with respect to FCC applications .
15 (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 general, applicants
have found that such hardening agents should be
20 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 microms. It is
25 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 these
hardening agents is their own inherent ability to

30 absorb SO,. To these ends, applicants have found



WO 99/1 1372 -52 PCT/ US98/ 16635 Exanpl es 9-13 The foll ow ng SOX pick up test
“results were produced by m xtures of absorbent particles and oxi dant

parti cl e&owﬁﬁwer nogravi netric Anal yzer 5 previously desc;#@g’g s_used
PBe (e

as the SOX"piCK up neasuring instrunent. The SOx absor bence
‘various m xtures were conpared to those produced by a single particle.
.-These neasurements are sunmarized in the*$ol | ow ng Table IV: 10" ABLE

| VTest Sanpl e deAccaordi ng.to. .

Exanpl oAboor bt ek GAMCS ST LB AFAYe A HERL 1BRFEER NG HED0ER . F5ous

Ex. 61150%EX. 350%4 E%-61250%0% #4506 £X 1 B¥3ABYEY. 328%F BIES! 2orms of
O0Sanpl eMadeAccordi ngto Increase in masslnitial rateofx a after 5 Sours.
%M . Absor ptji cml@minum silicates, magnesium aluminates, magnesium

wt ~Jm n255631. 99511. 810571. 711531. 712551, 73013552. 0%e~re~ent a~i ve SO~ -3
SO~ Hi nder Oxi d&l BLFatenanfsMaaeStuPhsapcabp Siddcate 14 Moreover,

gener bl tbachi R b UL SEAT ARas sy I AP a6 BEE el a1
RC V0 997 1130 i TALERILEE0IR1RR Il i e HATAAVARCII me

mlliliters of water 1n a high speed mxer. To this m xture,
phosphoric acithndenimgn adgeéets Toimhe applicangssystSOy 4dsgrrentof
ceriumnitrat ecosn%lagrgeiar?{]s\/\gfnce they too contain active sites that
are capable of absorbing SoO,. Examples of clays
10 useful in this regard would include halloysite,
rectorite, hectorite, montmorillinite, synthetic
montmorillinite, sepiolite, activated sepiolite and,
with the previously noted proportion limitation
(i.e., not more than 50 weight percent of the SO,
15 absorbent component), kaolin.

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

20 wherein: (1) the 80, — 80, oxidation catalyst is
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,

25 a metal from Groups III to VIII of the Periodic
Table and a rare earth metal of the Periodic Table;
and (b) a binder selected from the group of metal-
containing compounds consisting of calcium
aluminate, aluminum silicate, aluminum titanate,

30 aluminum zirconate, zinc titanate, magnesia,

alumina, aluminum-containing metal oxide compound,



5 added. The slurry fornulation was then spray dried and the resulting
"particles calcined at 650C for 30 minutes in a nuffle furnace. The cal ci ned
-particles en m xed with nagnesi um oxide in a 50/50 i.ght percent
ratio and%geﬁrlé?ul ting material 10 anal yzed by a TGA testmfhgps%’ﬁlcﬁﬁ% a
SOX absorption rate of 0.21% per mnute for the end product material.

Exanpl e 15 A cl ay/ phosphate/ceriumnit rat®, vanadium, 15 oxal ate sl urry

was prepared by_addin 340 gr.ams of, Theil.e RC-32 kaplin clay slurry to

1795 millili te\F/‘%uB‘fm\‘;bgk éb’éirﬁ%&%f‘ﬁ'gﬁléa’eec?’rﬁ%@%a'Tot%\‘—ﬁi%lﬁi xEuldcaio2 grans
of phosphoric L d. ehnad cer| Ltrate
sol ution and 2%%%‘8/?%?5%%‘3& v%%].‘gél un$ o?glda%a%% ut?g%emgdedqudgéﬁkto t he
slurry. The sl ffr emmoyddemtspady, debatadng themoeeuldhang D6hE ches were

cal cined at 650C for 30 mnutes in a nuffle furnace. The calcined particles
were then m xeWewPhh REFFEIItum bIMERUM N hydsorsidernn@| gt musreebhanati o and
analyzed by T ts.. Thes ests indic d. that the resulting materi al
produceg an S&?Abéﬁgoﬁﬁti%%li?é Opfi%eggr %%%‘? (Ab\iﬁdg'/ 138%2 (&4 a

PCT/ US98/ 16635sGxaaps6rBéntA ebapybpBasphais cesi 3Ihan: was
prepared by addi ]ng 1403 grans OF Theil e RC- 32 kgg}’i%n cl a;;&/yt gﬁﬁéﬁé%/% 1200
milliliters ofanat eiisitinats fiah speedopi xer soJookhida ot UssalPar gr ans of
phosphoric acid was added; thereafter 277 grans of cerium carbonate were
added. The conpPEPedeBfuAR] FRTPIEESF driddd anvetAd oxddet isrilgetredcl es
calcined at 650C for_.30 mnutes in a uffle furnace. The 10 cal ci ned
material was t B i S8 ﬁﬁ%&m&ﬁéﬁ#&g dés n"?%tﬁ%’(?"weiaglf’r’tmﬁé%cent

ratio pd anal yzedity t ReuhiGAatest s,catdialin Shopedea S@&cﬁ%ﬂ%it‘p@ of 0.15%
per minute. Collectively, Exanples 9-13 show that a 15 physical” mture of
an absorbent (Exdnptatcitedliked aompeuddat aBdanphes &nS) aqgitderdle sane

SOx renoval as, a si ngle particle (Exan'gl,e 5). Exanple 9 is a mxture of
al um na/ magnestBOEEAEEBent WUHP kaBPPRALPSY Red SHPRPHar d&WitRFiadent ni xed

& mxture of ot SPSErhoRt O TaAE ATl Ry i ot SA5F ° R e of the

oxi dants, in thfs efsEivm@nadiviminatd,NCmaded sdat,h hn@ng_bgqrbgritl;ictahe ot her
oxidant, ceria, is in the particle in 25 adm xture with the absorbent (nade
according to Bsagkie elayrTheispphificdayse cilaprhespbateematleirdsilin the
fact that V\/nilec¥anadia is a m'gor ' conpone in tfe agditive i}ﬁstemit IS
consi dered to &% Zzlrconia and, which, 1 employe at all,

contains no more than about 10 weight percent silica
and no more than about 50 weight percent kaolin

clay.



be a catal yst "poison;" hence, including it with the 30 magnesi a/ al um na
‘insures that it is imobilized and thus cannot be transferred by

sublimati r t he WO 99/11372 -55 PCT/ US98/ 16635 SOx addinki pxture
to the hog?)%%@g?yst. Exanple 11 is identical to Exanple 109§?§EM$H%}§
exception that kaolin clay is used as aﬁSstdening agent in a
-magnesi a/ al um na/ vanadi a absorbent. Exa e 12 is 5 the sane as Exanple 9
except that nmagnesiumsilicate is used as the hardeni ng agent instead of
clay. In Exanple 13 a comercially avail abl e oxi dati on catal yst consisting

of platinum on a'w_gg%gmﬁ%mmmwle
significance of 3.0 this exanple 1s that nmany FCC units are already using a
pl ati num pronoter to C°Eéiht%g@!%ibd&#ﬁﬁﬂ#%iﬁf%;ﬁﬁf%ﬁi%ﬂﬂé‘de and this
sanme material may al so serve to convert sulfur diroxide to sulfur trioxide
and thus the need f @he cerilatddielanproaorhdogseat by 1theducetkidus

elimnated entirely. Ex-mol Q 17 A cal cium al um nate support for a SQZ -~
S03 oxi dati on dacHegkentchpsdReRPRRSCIRepar a8 bl r stwelki gt ignuni na

sol consi sting of adding 2495 20.grans _of Cond - 3 um na__Sol_.and 10. 29
liters of matefqgﬁﬁ%ﬁﬁébﬁfﬂil 8%2%5 QP%§4%)§§ﬁ%§Etra€éﬁ acéS @Y. In a
separate contaiiefe HidHs el RbSe aghgpta08n€QNdht £ABS rg29h. 8 YA of

Huber cal ci um Carbonate was added to 2 liters of water. 25 To this m xture,

4876.9 grans ofcatldnedyviend|predepts efle ayuni ba bk masradpacroildal

resulting slurry was _spray drieg and the partjcle products of the spray
dryi ng were caP@ttdfle eBOC PSL186 mifRdlSs i a Wiiflhe RBPAdCERts'WO

99111372 - 56 PSPJ&%E%QQQ?? ultimately made and then used). This

10 follows from the fact that the 1liquid media and

certain volatile ingredient(s) that are wused to
create applicants’ initial, wet, reaction
compositions will be virtually completely driven off
during applicants' subsequent spray drying and
15 calcining steps. Indeed, many of these 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
20 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
25 product SO, additives. It also should be understood
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 SO, —» 80, oxidation



Exam ~l e 18 An SO, absorbent conponent containing hydrotal cite was prepared
“by first preparing a gel of alum na consisting of 189.0 grans of Condea SB
"5 Al um naw&yR3e ans of 74% concentrated formc acid and 9 ter.
w /P13 . . . N
In a separate container, under noderate agitation conditi on%?Tgié%é?%%gams
‘of LaRoche hydrotalcite was added to 1151; mililiters of water. To this
m xture, 1512 grans of the |0 previously %repared al um na gel was added.
Thereafter, 36 I gl - kagl i urry was_added to the
resulting sl urr%f/l.Jc iﬁe rec;.ggjptl ngA€I%r§5%§8§p#a§A%?€% ﬁﬂﬁp?ﬂﬁﬁgap icle
products of thﬁp%gfi@)érﬁrsy” ngoyeraddlisienedyatefS0C lonkale 30pRiAKHLES i N A
muf f1 e furnace. lciumalumnate is a particularly effective material for
the practice ofinghriesiijemient mdghitn tinglude | svisgeaidtey ofagenusng bash as a
bi nder (or suppor f.or the SOz ~ SO, oxi.dation catalyst 20 conponent of
the SOX additi ggoé- &M FETEE a - abégrgéﬁi’ 86%6%%?‘?1' alsP®EI Vilin ot her
wor ds, £al ci um,aluRhRatedst &t HIeF o LSou@! 1t h ; or bent
capabi Iélzti es as V\BFF'?aHence,l It can cs)erve especirgt?l gb%gltl onsgge%&ﬁger for
other S0, 25 apeetbent ofataergiaten suedt asrbydt dbval mikeurdeat argy usgd to make
the SO absorbent conponent of the SOX additive system Wiile this
i nvention has BegR dR3EFi bSWPWRYSE r eSSt PBt¥ARRGusiBgEedientexampl es and

a spirit 30 whigh is copmited. to the concept of .the use of nulti-particle
SOX addi tive syaEERs, STCPE (6B Wib boFH 372°RCTreT<oaPaREss the
under stood thapahieabenelindepebicled i Buentiian $RoWSh Lydd.ed by the
scope of the fo?l ovm'ang cl algn% Thus, what ils cl ai med @gyelqéSd#&%fi S
cldirued is: lofA fdwiapiSGcantll $i spraystdryioug-npndgbxc ¢ 8@+mGptorXi dat i on

cai al ys~ par=i.c~,cs nerd SO03 absorbr.nt p~-ci G cs wheace' su:
steps. In any event, regarding the ingredients that

are found in applicants' post-calcined materials,

the preferred concentrations thereof are:

IABLE II
15 80, Additive Systems
S0, - SO, Oxidation We. % WE. %
Catalyst Component Range Preferred
S0, —» S0, oxidant 5 to 95 30
Bindexr material 5 to 95 10
20 Total 100% 100%
S0, Absorbent
SO, absorbent 5 to 100 60
SO, Support 5 to 100 30
25 Optional Hardening
Agent Ingredient (s) 0 to 20 8

Optional SO, — SO,
Oxidation Catalyst

Ingredient Q to 5 2
30 Total 100% 100%



(~) tti G SO*-~S» oxic~uoa ed~rst p~cles conprise; (a) a ~~~-ab50 o. ~adst.i on
“ca~al ysc corripxiscd of a dal seiccsed fromthe group consisting of a ml
hav~n~ a f -6 uu~nber of at list 20, a noral f~aru Ga )

Per i odi crbfafg{lgﬁa metal from~'rraup 2b of the Pcx~iodic’ ?‘pabpg?g/g%#:ct al
from Cxroups ICl to VIl of the prriodic Tabtc nerd a saxe cartt~ ~eL~f. of
-die petiocti.c Table; and (b) a bi~drs Hcctrd ~ om ~c ~r4up of

ncx. ~, | - ~opt ai ~i ng conpounds ¢ousi sti~g_of ~um Qvt r~, silicate,

azul ~i LDuxii ~ita~atc, dl~I ~§€?—F%¥ri—ﬁ{¥gﬂ€-o%a%§—#h& nesi ui n al uni nat G
magnesi a, alu.~aa) ghianchadg! 23% NYSEQX! Bhe ShRYy 4 G@, Y
silica. c, L~V ~phaspha}t1c et ?Ial . bastriacsi ?o gpcz ﬁnrlrycc'lh ??réErr%%gf%ci ac
~. cantai ps nvuseét obc crralte aniontodPheedidal pEdbrme~ o aipih Uiibankydr oxi de
and no r~we than about 1.0 wc~~t p~xce~rt al u~ai~ou (A ~Z03); and (2) the

SCa3 $bsor bGt S@axtcl &9;at expApsitc aldaradajsdr ateonpenentsi nand r @, t he
So~~SO~, o~cidati ua.PcaEI tht $argi cl eshand c%rrpose a nptal oxide scJrcted
f~~t it gxaup®RBREPEREnGOBPOPERLEs R IACaM RS SAFIEAEiIRE RYdrell | e
$ui d systrx~t ai v{ra‘?lteg ntt :dapou e=wxl ~-ad~
can=aia a rre~a]%flo‘gél é:(r:%ayéi romt heéég;%%)ﬂé%yglgg?%gélg%{cets:ﬁﬁﬁ" ¥§g,agadi ura,
platiuul ~. ~i uttyindoshonld beolgbdgredntot praduicea micesiershdarzitua,
nic~rt. mauga-~ase), c4batt, itou. ystcxbiUm at~d utapium 3. Tt'lc quid SO~
addi tive syst PREC¥Cles ai AZinghata| a¥3R8e SOPL. + ~Spe®7 Csaahl| ophay Sy
pa~'LZCIC$ ~' C || ~d c~=~ end, YazdJa. re.fLuj O:- addi xivc systan of
ciaiml Wnerei%s§?fgtjb?3(l~§c‘?l}a?‘g%ﬁepéag-ls%g%wg%?dgtei it CETE sl?yp%~c2es i's
CQ ~pyd scd C-gr@ngrddusel uti o flesidsESéen andqal dsbPar 181 17he gyid SC-, ~
additive system of claim'~ wt~c~e~ c~c oxidation cal.~,yst patcicles
eon~, i n n~ al ssmchunphydiokesewand e glassed rfay 0a 180ahdhrdTAG Sui 6lo SCa, ~
add~Li ve systr~ ol' claim| ~uhetein the S a~sorbw-t par~iclCS further’
cosC 1 hacdeui®e% affcFEen- 59 ~. 'Ih~ fluid a0Of addiuvr systu' u oaf claaru,1
whex'rip tyre SO absa~t patti~3rs furdtec cotsc a hrocd~u~. Rg agr ux
sr~ecxed frora the groctp cousist~ng a~ alum ucnp, sili.caxc. m-gpesi u~l

al uuiiuate) tnagncsiura ~i W@%ﬁ@&c% ~c and s~p-~ol ~e.
Vii. The fluid SQ- addlitiyée s~rste~u caf chtira ~ ~ovhcsc~in the SO9
absorbent par:it:|cetfshotibdr ataepbesrnat&D tRRO9 iaxiaddt€honatal w6t Eat a

users in ad<licioa to tha SO---(Q03 oxidaEiott catalyst iu ~o SQ=-S09
oxi dalfon p~desPray 'drElng uisFeSox ikt MRY sPst r Hsesf Efai MTPAMRSr. "i n

ttic S abscub, ticlrs fus i SO-- >S+Js _axi daR ~yst
Scl 01 0a 11 omMHERNTITAI Sk LGOEES DL SWRhRIRORE p_SOrpuoh. BYl I adi uns.

.thodi u~n. ~olybdiaetsd - La0g658e) eBRPEAent SN’ @hal Uo, Nhpisorifatigaaese.
cobalt. i~op. yttu~i uons. aad urani um ?-u. ~, C ~u~d ~Qx ’addi EIovC &yS~Cf 1| Dbf
c,~a,Jlil ~ WddipdneritsT, t | EEB03 alisQ@Ehcdsts qsidiend ¢l cmafitifiaklin icrepap~i se a

SO~- - ~SO~ oxi dation catal yst that has a vauadi 3 oo~pon~n~. Xx~. The ~u3d SO~
addi tive syst @rqge%%ewﬁ%ﬁer Yriehep eapanged by juse| efeSePgrate ~

cot uprisr a SQ.:5S i 3@%9;3 ~ t hat ﬂ%§ L opent and a
SO~ at§§0r beat q(-:r%)dm' %ggﬁl&‘fha hé{gadg%lé LF’1'~si aT C ~pg?¥glr81%qf.‘9% %\eﬁ d SO=
addi tiva sys~cariddidut afweittherdSaing Sl el i flat byl g~ reyal tpat xi cJ, es

a,rr che~seive~ cnm prised ~rf_at, lcast two srgatatr and di sup~ paxr~~le
sp~i es_ 13.1' HzQqui §h8Q sPra~Amping seEeR of 0¥ ~f¥am 1 thoase| gthiss S~273

absot bept pa~css_.ate rhcnsei vess COxCi S t |raskE two_.scparac~ and
di su~~ p~ticl STfRHS esereps ¥s8a°°ts pgog.tlc% pe et "CeSERE" AGE

applicants' materials). Such additional drying will
25 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



1~. 1" ha $uxd SQ~ sdetiuvr sys~na of dais ~ whetcau the sO--~Sos oxidation
‘catal yst pattici~s a,ad thG So3 absorbep~ particles arc each

~.icrosph patticlcs suitably fat circulation iu ~an FOC uai i

adni x~ ur~wv€npéggqla{?-)zl e~s= one il ltCT03~~1t 20~f.~. 9, ~ pa~C~G &%T’Q?W@%’e
Ppzirnary Pupetion is to caxal yxically cxacb a hydrc~arbon Peedstocl C. 1S.
The ~ctid SO ~ addautre system of el ai u‘ Y- whereia thr SQz-, S09 oxi dation
catal yst parti a"Ki c~es arc rash separate and

CS and chr abs or
disGrict pd %6 9 GEEPRCY %&1 d at]?%ef%?}%sﬁ‘lh?‘étf OcRahgurswher ei n
thG S~1~-~SO0 Ay rabdﬂtoaggaﬁghy:gt ar ~. bent
pa,~i,.-3es at'c ca, ~h sGpara~ d&ﬁ S%%%éagfgtgmg’fc %Té'l? P?é{bl y for
use in a flui drhagecarﬂﬂ-qmc a;b&ute~ 200°80 1o Thedud d §ld@oq;ddlt(
system of olai,sxl 1 Rrh~t'eip the SO --~, S~3 oxi dauou ca~3l yst pw~| cles
conpri se ~o;n abBosrhetiro RELISYER) wei bﬂ-ltpez%;@nt a¥l sacas®tan= ~dtliti vG
Syst ~x~. 18. T itive 5w, of .clai.m ~ whrscin said $uid
5~1~ addedve sys{néﬁ]gégu%ﬁss a %}g t tH®5 R tPIRE0 of i he
pc-~c, ~nc c~f ajihyiht mEMS‘.mmO‘é%?ﬂl%re@f K2 %réééer%haﬂd'zl\‘f fyfﬁc' D..
19 ~ auid SO~ acu3itivc syst~u coOr~~si ng --Sag oxi ~~t1on ca~lyst
particles and aheSQ%aaﬁbasar ofnt patecl)e5 i’n/~14ﬁlﬁiéD: gt t he B3 @riop03
oxi dati on catalg ~~' Rcl ~s cord4~tis~_ (Z~ ~ SQZ-~SO~ crxid.3~.on ~ta.iyst
conp~i sad. of SCURPHHELRRS 4l Oruic a~rubcr of f' at | ~~c 20. a n~e~tni from
C-raap ~.b of the Periodic Table, a ruetal~ ~ora Crsoup 2b of the PeFi odic
Table) ~ mr~ txom Crroups Il to V~ of the petiodsc 1 ab~le and a rdrc eat

u~tai of the pesiodic ~"~blc; agf.{Rt p 8 rcted fromthe group n~
z~t~.-tong cou~pop~ds copsistia,,g o urnu~. s~,i~ate, aiurni~tutu ~;
ax~at a)0 ai unai pu~ zAft<€at e) spragsi udayiabu~ s~(rne) ~@g@e5| 2asal U—gf

a~urnit~um hydro~idc, clay. ~iscon~, ~.Luti.a, s~i~ir"a. cl-~yl ph4sphate
~at~rial and b%¢ @ﬁ%ﬂmm@ﬁtlﬂlﬁsat nBFoy@%{SmC@Elonoafm ~¢heo rare

tt~n ~bo~ 1Q £S I h i.de. aid ~o ire tb~r aboyt 10

Wi ~, ta= ~per ee%%u‘r §&ﬂ?§| PF{% %g %%’2} q%sSGm%%§5 Bl p=. ditcs axe
physi cal | y Sep@émaiiiris anshIy 3't2‘c9UCEal$@W the SO21+aSRaL¥ix3~Lion gat al yst
p~ rt|C|rs and codes: (a) a soct~ e~cida sclrcted fromthe ~~p

coas~i ~'ti~t ea@ydwma@era&ll@athasapcroclalcmdurara:bami@ngarlt(lnhearsupport
t~tcsi&?. sd ccxrd fromthe ﬁaoug ~cta,l % dcs congisting of

~a~t gricsi a) al{AsHRES R P?Eeé?‘ﬁf}tst Partlhgl%l%}%ﬁo%’tmﬁe

raat xriat ~d ke | 4y as yo uveto
bau Sbot T 10 4 gt Bacserronr rsae G ArctiBtatbaen HhR "So el oo

prrc~. nr Icsomﬂfecrﬂra;theZG:ahf:hmtflmws:t@Qseﬁmhtttcvedﬁj(ﬁer @Efcaﬁylg

W ~~rcin the St~~-DSO ozidatioa c~t~lyst par4,ciCS cant~in a. n~c.~.
srl r~cod. fxoMP]tq"Feﬂ(ﬁ SAPRGRN S iand greRlGqanthen anbth uexygghaksdun)

pall9dium r h d r ol oi ekel .
nxti ga~cs~. #Ee)%y Pr}:%)d)dagt é lL)Elld{erlA an %ahaﬁfqas pr%‘?érﬁ?'napfﬁ Y-uld. SO~
adda~2iovG SySttfHdW i del fiormns~ D fhexan ddie 8@ th 0~ m‘h@ g AOIngATLY St

particles ate cotnpsised of ccxia xnd vaaadin. 22.'1'he said SCs addicivc
system of cl aishep- akRe ePATVRE Bindéxive ofd,Sqrs ~ S@peomsdaoné\hdeat ai ysc
coznponeat H g, ,q0mRN! §5¢ Ofa s 200 fle POLULRREs oo Wik SAS L ML U

metal oxide materials. For example, this
calcination step will drive off the liquid media and
25 any acid, viscosity agent and/or gas evolution
agents that may have been used in the original wet,
reaction mixture that existed before drying
procedures were implemented. Such calcination is
readily accomplished by heating the products of the

30 spray drying step - or of the optional desiccation



~ '~"hr fluid SOx additive oP claim 19 wheteip. the oxidation catalyst
"cor3~poncnt coats,ins no al um num hydr oxi de and ao al u~ni na ~A. i=03a. 24.
The fl uig’ S%%jl?%dltlve syscex~a ag claim'19 wherein the S03 absot'bcnt - '
compopep 3 WY Zer conprises a hardenutg agralL 25. The fl uPGT/US8¥/1663%di ¢ i ve
systcra aP caaim 19 wherein tl~e S03 abso~cuc conp4neat Purchet ca~nprises
.a harden, ~~ ~l gcat selected &utxt the =#&0~r consisting of aiuzni nunx
siiic:ue, an.~$nCsanm al urui uate. nmagacsiuru silvcatG cal,c~i ux~ S1~1C 9IC
~f ~ gC~. 1i Clll§GeP26‘) ?ﬁetﬁmed?a%r%difﬁpgéngyﬁrm %POEEalﬁrﬁOfQ Weer ei n the

SO, ~ 3bsar beuc. p~i ur.t her co e a SO--a50 d. ~~o0a cat al yst shat is
used iu a~ci d&PRS% t7g)% ﬁ (gEefer & AT %{1c|9§eslsp<1rteﬁe SF-- - 3S0a

oxi dation cat ¥yotn R¥dut~!90 Smitdted NPof AWFtSQRo Rt LLVe .$3S P claim
19 wherein ~e SO absorl aeut cat x?pon?~§t furth~c coa 'IL'%% 5ra§da§ns°5(—%--~803

oxi dap~aa car grefetrapeiyc4ed abeart t6B0WX fHP dHARSFNmDiuEEEi unz, vanadi um
pl ati num pali ~di um rhodi um nolybdanutn, tungscea, copper) eri sortti . unx.

ni ckct) ~nan, ganese, c4b~i. iron. yuerbiurn, and uranium 28. The |l,uid
SO~ addy tive ~ystr~ of rlaira 19 whc;tein the SCa absor br ut corapdncnt
fu-et'5csas a SOx-- (603 o~ci dat Ew%ﬂﬂﬁt has a vaaadi a cot~o~at .

29) The quid SOx aﬁ% %h¥8m§¥1%tcdafj tél alar]%é#%t ogg;rg#gt?he ~g~ absort ~nt

coznponrrlt furrhcr e2ursts s°8 vauadi a
cot n~nenL andyar$eusahsgidenhe SOLUPHHALL IV Qs %E@Q‘gﬁe&S'Cﬁlc npaucac.
30."'l he ~uxd SO ~ additive systrrn of elaua 19 whbcrein the SOz-~S(J3

oxi dati on cal Bb;iSlEledr nhemmangSmtes:ehfc EnB8ckif it | €Ay w The~re sad
d~stiurc ~arnclr species. 31, The ar d SO= additive_slrstemof clad 19
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. An. Al 9. AYr. Abqswergoﬂ\ 8Q, APE. L. mmidants. Adixturas. AE gA, { SAYB0AY{L. A5l . A
A%A&sQ A5.A ,A A . A AY&AAI{IEfABgLA9AA%AO%§A@-IA’? AH. A% AY

.AI ~R000p A% Agl}ﬁ\tg%{ bx\ngh ) sorbent 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 S0, - SO,
oxidant, a standaxd absorbent was used; this
25 standard absorbent was prepared by the process
described in Example 1. In other experiments,

unsupported magnesia powder was employed.
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15 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

20 regenerable. That is to say that after it reaches
its maximum gain in weight it must rapidly return to
the base line when hydrogen 1is passed over the
sample. Applicants have also found that if a SO,
additive has a maximum absorption greater than 40%,

25 this improvement is 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

30 with a 50% maximum pickup. That is to say there was
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single partlcle, SO, additives. These comparatlve
tests were largely based upon comparative TGA tests.

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

tests are summarized in TABLE III.

IABLE IIX
Composition Percent Increase in Initial Rate -
15 mass after 2 hours of Absorption
(weight percent) (weight percent
/minute)
Single Particle 61 1.9 T
80, Additive
20 Dual Particle 48 1.5
Sample A*
Dual Particle 53 1.6
Sample B*
Dual Particle 52 1.6
25 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
30 particles from Example 7. The mixture contained 50

weight percent absorbent and 50 weight percent

oxidant.
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of absorbent particles from Example 3 and ox1dant
particles from Example 6. The mixture contained 50
weight percent absorbent and 50 weight percent
10 oxidant.
In all cases, the initial rate of absorption
was determined for the first 15 minutes of 50,

pickup.

ther Findj : ive s
15 Applicants' comparative experimental program
also established that many hydrocarbon cracking
catalysts commonly used in FCC units display some,
albeit 1limited, ability to absorb s0,. This is
probably due to the widespread use of certain active
20 forms of alumina in many FCC hydrocarbon cracking
catalysts. Applicants believe that the limitations
on the ability of these materials to absorb SO,
generally follows from the fact that there are no
S0, — SO, oxidant catalyst materials in such
25 hydrocarbon cracking catalyst particles. In other
words, applicants concluded that many hydrocarbon
cracking catalysts could also serve to absorb SO; if
a oxidation catalyst for converting SO; to SOz also
were used in conjunction with the hydrocarbon

30 cracking catalysts. Applicants also found that this



10}} 10}}234=5567WU3P7!w 0 "10%00& ()-!v' 0O .
10% & ()-'-z10%&R ()-!'nm'10% : & ()-@ "10% : & ()- @& "109%& () - @777777(778xV
o el 07 R S 0 ety
41 (109%& ()- 4! m{ 109 ()- | | |
,4p<<<<§<:::qRO!,"109@j&f()-34-10@&f()-PF6“10%PP&T()- 10 10 10! m(109& ()- 4
(10% & () - can be achieved even when at least one oxidation
catalyst is not physically associated with an S0,
absorbent in the same additive particle and not
physically associated with a hydrocarbon cracking
5 catalyst in the same particle. Several of
applicants' experiments confirmed that all of this
was indeed the case. When applicants' SO, absorbent
materials were in fact added to such hydrocarbon
cracking systems, it was found that a wide variety
10 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 SO3 exists in the overall
15 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 1in admixture with hydrocarbon cracking
catalysts and can, therefore, form the basis of
20 particularly effective hydrocarbon cracking
catalyst/sSO, additive systems - and especially those
comprised of a major amount (e.g., 90-99.5% by
weight - on a dry weight basis) of a bulk,
hydrocarbon cracking catalyst and a minor amount
25 (e.g., 0.5-10% by weight on a dry weight basisg) of
applicants' SO, additive system.
Expressed in patent claim language such methods
for extending the useful life of a SO, additive
system having a S0, — 80, oxidation catalyst

30 component and a SO; absorbent component will

comprise: (1) employing the S0, additive system in
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10@ 10%&' ()-! @ 109%Kkk& (t)_- | @10%y& ()-#10%& ()-109%& ()-109%& ()-\]"_" "~ wUXR
7111 from the first particle species and carries out the
function of absorbing the S0, produced by the S0, —
SO, oxidation catalyst component; (2) employing the
10 S0, — 50, oxidation catalyst component in the form
of first particle that comprises: (a) a sulfur SO,
— SO, 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
15 1B of the Periodic Table, a metal from Group 11B of .
the Periodic Table, a metal from Groups III and VIII
of the Periodic Table and a rare earth metal of the
Periodic Table; and (b) a binder selected from the
group of metal-containing compounds consisting of
20 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
25 bastnaesite and which, if employed at all, contains
no more than about 10 weight percent aluminum
hydroxide and no more than about 10 weight percent
alumina (Al,0,); and (3) using the SO, absorbent
component in the form of a second particle that

30 comprises: (a) a metal oxide selected from the group
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consisting calcium aluminate, alumina,
hydrotalcite, hydrotalcite-like compounds, magnesia
and calcium oxide, and, as an optional ingredient, a

support material selected from the group of metal

5 oxides 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, contains no more than
10 about 10 weight percent silica and no more than

about 50 weight percent kaolin clay.

Representative S0, Absorbent Systems

Ex e

An alumina/magnesium hydroxy acetate/clay

15 slurry was prepared by adding 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
conditions. Thereafter, 2343 grams of Condea P3®

20 Alumina Sol, prepared in the manner noted above were
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

25 products of the spray drying were calcined at 650°C

for 30 minutes in a muffle furnace.
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to 10.29 liters of water

TR e A0 SR bR A

aC1d. These additions were performed under moderate
agitation conditions. Thereafter, 2524 grams of p3®
alumina sol, prepared in the manner described above,
was added to 2524 grams of magnesium hydroxy
acetate. To the resulting slurry, 211 grams of
vanadium 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.

a e 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.
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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
10 particle size using a commercially available
attritor mill. The duration of milling was
determined by the time required to obtain an average
particle size of 2-3 um. 2343 grams of Condea P3
alumina sol, prepared as noted above, was added to
15 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 650°C

for 30 minutes in a muffle furnace.

20 Example 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 vanadium
25 oxalate and 382 grams of Theile RC-32 .kaolin clay
slurry. The slurry was spray dried and then

calcined at 650°C for 30 in a muffle furnace.
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Exa 6
2092 grams of P3 alumina sol was added to 1692
grams of magnesium hydroxy acetate. To this slurry,
5 897 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.

10 Example 7
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 vanadium
15 oxalate and 382 grams of Theile RC-32 kaolin clay
slurry. The .slurry was spray dried and then

calcined at 650°C for 30 minutes in a muffle

furnace.

Example 8
20 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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oxidant particles. The Thermogravimetric Analyzer
previously described was used as the SO, pick up
measuring instrument. The SO, absorbence results of
the various mixtures were 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 Oxidant
5 Single Particle
9 50% BEx. 1 50% Ex. 7
10 50% Ex. 2 50% Ex. 6
11 50% Ex. 3 50% Ex. 6
12 50% Ex. 4 50% Ex. 6
13 75% Ex. 2 25% EX. 8
Test
Sample
Made
According
to Increase in mass Initial rate of
Example after 2 hours, % wt. i 5 w '
5 63 1.9
9 51 1.8
10 57 1.7
11 53 1.7
12 55 1.7
13 55 2.0
Representative SO, — SO, Oxidant in Clay-Phosphate
Binder Systems
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-

I s"10%00
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32® kaolin clay slurry to 591 milliliters of water
in a high speed mixer. To this mixture, 192 grams
of phosphoric acid was then added. To the resulting
system, 440 grams of cerium nitrate solution was
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 zresulting material
analyzed by a TGA test that showed a SO, absorption

rate of 0.21% per minute for the end product

material.

Example 15
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
of vanadium oxalate solution were added to the
slurry. The slurry was then spray dried and then
resulting particles were 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 analyzed by TGA tests.
These tests indicated that the resulting material

produced an SO, absorption of 0.27% per minute.
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Example 16

A clay/phosphate/cerium carbonate slurry, was
prepared by adding 1403 grams of Theile RC-32©
kaolin clay slurry to 1200 milliliters of water in a
high speed mixer. To this mixture, 192 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 (Examples 6-8) give the same SO, removal
as a single particle (Example 5). 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, 1is 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

thus cannot be transferred by sublimation from the
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S0, additive mixture to the host catalyst. Example

11 is identical to Example 10 with the exception
that kaolin clay is used as a hardening agent in a
magnesia/alumina/vanadia absorbent. Example 12 is
5 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
10 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

15 reduced or eliminated entirely.

Example 17

A calcium aluminate support for a SO, — S50,

oxidation catalyst component was prepared by first

making an alumina sol consisting of adding 2495

20 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, 581.8 grams of Huber
calcium carbonate was added to 2 liters of water.

25 To this mixture, 4876.9 grams of the previously
prepared alumina sol was 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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Example 18
An S0, absorbent component containing

hydrotalcite was prepared 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. 1In 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 slurry. 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.

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 S0,
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 S50,
absorbent materials such as hydrotalcite that are
used to make the SO, absorbent component of the SO,
additive system.

While this invention has been described with
respect to various specific examples and a spirit

which is committed to the concept of the use of

multi-particle SO, additive systems, it is to be
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the Perjodic Table. a meral from Grovup 2b of the
Periodic Table, a rmaatal from Groups IH to VI of the
Periodic Table and a rare carth metal of the Perodic
Table; and (b) a binder selected from the group of
metal-coptaining compodads cogsisting of aluminum
siicate, aluminum titanate, ajominum zircopate, mag-
nesiumn alnminate, magnesia, alumina, aluminum
hydroxide, clay. zirconia, Huania. silica. elay/phosphate
matenial. basmaesile and which, if employed ac all.
contains no more than about 10 weighy percent alumi-
num hydroxide and po morc than about 10 weight
percent alumina (Al,0;); and

(2) the SO, absorbent pasticles are physically separate and
distinct from the SO, ~80, oxidanon caralyst particles
and comprise a meral oxide selected from the group
consisting of magnesia, alumina and caleinm oxide,

2. The flnid system of claim 1 wherein the SO;—S0,
oxidarion catsly st particles contuin a matal selected from the

group cogsisung of cepjium, vanadivm, platinum, palladium,
thodium. melybdenum. mingsien. copper, chrominm, nickel,
manganese, cobdlt, ivog., yrterbjum. and uranium.

3. The fluid SO, additive system of claim 1 wherein the
S0,—80; oxidaton catalyst particles are comprised of
c¢ria and vanadia.

4. The fluid $Q,, additive system of claitn 1 wherein the
binder for the SO,—-»SO, oxidaton catalyst particles is
compriscd of 3 solid solurion of magnesia and alumina.

5. The fluid SO, additive system of claim 1 wherein the
oxidation catalyst panicles contaiy nQ aluminum hydroxide
and no alumiga (Al,0,).

6. The flid SO, additive system of claim 1 wherein the
S0, absarbent particles further comprise a hardening ageny
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| #1090vME: () -selaatedxfidm) the gEOnM bEnsisting i TR0 sAIdRMS () -
10%NE: () - ! néﬁ“%fg%‘ﬂ ’_ %%M'T&gn% | () -
| [ NA41010#10%# ok i ! -
172" 1090V () Uiz Sili r @09 5ePGaMn11010 (109 2" 1 & () -
Z( 109! l(()& ()Iﬁ!; SZ(Tb%ﬂm& - ddizive sys?m/@f&cl@;m ) wherein bunge 0
1090 & () - Q<tS Oy -sbisakbe dleifiritiér SompristOMTOREHE0, b¥{10%& () -
P2( 10921 ST Qi KLY add 35 A Ao REHRE 6,50,
axidation catalyst in the SO,—S04 oxidation particles.
9. The fluid SO, additive system of claim 1 wherein the
SO, absarbeat particles further comprise 3 SO,—S0; oxi-
daniop caralyst selecred from the group consisting of cerium,
vanadinm, plainom, palladinum. rhodivm, molybdeaum.
ungsten, copper. chromium, mckel, manganese, cobalt,
irom. ytterbium. and wraniurn
10. The Auid SO, additive system of claim 1 whesein the
SO, absorbent particles further comprise a $0,-50; oxi-
dation catalyst that has a vanadia component.
11. The fluid SO, additive system of claim 3 wherein the
SO, absarbent particles further comprise a SO,—=80, oxi-
dation catalyst that has a vanadia compogent and a SO,
absorbent component that has a magnesias compouent.
12. The fuid SO, additive system of claim 1 wherein the
SO,-330, oxidatiop caralyst particles arc themselves com-
priscd of ar least two separate and distinct parmicle species.
13. The fluid SO, additive system of claim 1 wherein the
S0, absarbent particles are themselves corpprised of at least
two separale and distinct particle species.
14. The fluid SO, addirive system of claim t wherein the
SQ,->8Q, oxidation catalyst particles and the SO, absar-
bent particles are each microspheroidal, particles suitable far
axrcylation in an FCC unir in admidure with at least one
microspheroidal pasticle species whase primary funcron is
to catulytically crack a hydrocarbon feedstock.

15. The fluid SO, additive system of claim 1 whereip the
SO,-»50, oxidation catalyst particles and the SO, absar-
bent particles are cach separate and distinct pelicrs.

16. The fluid SO, additive system of claim 1 wherein the
50,->50Q, oxidation catalyst particles and the SO, absor-
benr pagticles are cach separate and distincr pellets of 3 size
suitable for use in a fluid bed catalysr system.
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24. The fluid SO, additive system of claim 19 wherein the
SO, absarbent component furthes comprises 2 hardening
ageat
25, The fluid SO, addinve system of claim 19 wherein the
SO, absorbear component further comprises 3 hardening
agent seleced fram the group consisting of alyminsum
silicare, magnesinm aluminate. magpesivm silicate. calecinm
silicate and sepiolire.
26, The fuid SO, additive system of claim 19 wherin the
SO, absarbent particles further compsise a SO,—80; oxi-

dation catalyst that is used in addition to the SO,—S04
oxidation catalyss in the SO,—S0; oxidation catalyst par-
ucles,

27. The fluid SO, additive system of claim 19 wherein the
SO; absorbent component fursher comprises 2 SO,~50;
oxidation catalyst selected from the group consisting of
ceritm, vanadiym, platinbm, palladium. rhodium,
molybdenum. wngsien, copper, chromium. nickel,
manganese, cobail. iron, ywerbium, and uramum.

28 The fluid SO, additve system of claim 19 whevein the
SO, absorbent campenent further camprises 3 SO;—80,4
axidation catalyst that has a vattadia component.

29, The fluid SQ,, additive system of dlaim 19 wherein the
SO, absorbent component further camprises 3 S0,—S0,
axidadon catalyst ¢hat has a vanadia component and a SO,
absarbent compenenz that has 3 magnesia component.

30, The flwid SO, additive system of claim 19 whesein the
$0.,~>S0, oxidation catalyst component is itself comprised
of at least two separare and distinet parficle species.

31. The fluid SO, additive systemn of clalm 19 wherein the
SO, abserbeat component is itself comprised of at least two
separate and distinct partcle specics.
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bent corspogent are each mlcrospheroldal partdcles sniable
for circulation in an FCC unir in admixture with at lcast one
microsphecoidal particle species whose primary fuscton is
ro caralyrically erack a hydrocarbon fecdstock.

33. The fluid SO, addirive system of claim 19 whercin the
SO,—80, axidation catalyst component and the SOy absor-
bent corponent are each pellers

34. The fluid SO, additive syste.m of claim 19 whetrein the
SO,=-S0, axidation catalyst component and the SO, absar-
bent camponent are each pellets of a size suirable for use in
a fluid bed caralyst sysiem.

3S. The flvid SO_ additive system of claim 19 whercin the
S0,~2S04 oxidation catdyst component comprises fram
about 10 to about 90 weight percent of said SO, addigve
systern.

36 The flnid SO, additive systcm of claima 19 wherein
said SO, additive systesn comprises from abour 0.5 1o abont
10.0 wcight percent of & bulk hydrocarbon-cracking catalyst/
SO, agaiive sysiem,



