
W0 2016/060519 IT FlUS20041039106  Mixed Metal Oxide Sorbents Throughout this
application, various publications are referenced. The disclosures of  these
publications in their entireties are hereby incorporated by reference into
this application  in order to more fully describe the state of the art as
known to those skilled therein as of the 5 date of the invention described
and claimed herein. The disclosure of this patent document contains material
which is subject to copyright  protection. The copyright owner has no
objection to the facsimile reproduction by anyone of  the patent document or
the patent disclosure, as it appears in the patent and Trademark Office
patent file or records, but otherwise reserves all copyright rights
whatsoever. 10 Field of the Invention The invention provides methods for
reducing SOx, NOx and/or CC) emissious from  fluid streams using mixed metal
oxide compounds. 15 Background of the Invention Catalytic cracking is a
petroleum refining process that is applied commercially on a  very large
scale. A majority of the refinery gasoline blending pool in the United States
is  produced by this process, with almost all being produced using the fluid
catalytic cracking  process. In the catalytic cracking process heavy
hydrocarbon fractions are converted into 20 lighter products by reactions
taking place at elevated temperature in the presence of a  catalyst, with the
majority of the conversion or cracking occurring in the gas phase. This
hydrocarbon feedstock is thereby converted into gasoline, distillate and
other liquid cracking  products as well as lighter gaseous cracking products
of four or fewer carbon atoms per  molecule. the gas partly consists of
olefins and partly of saturated hydrocarbons. 25 In catalytic cricking
processes, hydrocarbon feedstock is injected into the riser section  of a
hydrocarbon cracking reactor-, where it cracks into lighter, valuable
products on  contacting hot catalyst circulated to the rise-reactor from a
catalyst regenerator As the  endothermic cracking reactions take place, heavy
material known as coke is deposited onto  the catalyst. This reduces the
activity of the catalyst and regeneration of the catalyst is 30 desired. The
catalyst and hydrocarbon vapors are carried up the riser to the disengagement
section of the reactor, where they are separated. Subsequently, the catalyst
flows into the  stripping section. where the hydrocarbon vapors entrained
with the catalyst are stripped by WO 21105/(1611519 11C9Y tiS 21104111397116
steam injection. Following removal of occluded hydrocarbons from the spent
cracking  



catalyst, the stripped catalyst flows through a spent catalyst standpipe and
into the catalyst  regenerator. Typically, catalyst regeneration is
accomplished by introducing air into the 5 regenerator and burning off the
coke to restore catalyst activity. These coke combustion  reactions are
highly exothermic and heat the catalyst. The hot, reactivated catalyst flows
through the regenerated catalyst standpipe back to the riser to complete the
catalyst cycle.  The coke combustion exhaust gas stream rises to the top of
the regenerator and leaves the  regenerator through the regenerator flue, The
exhaust gas generally contains NOx, SOx, CO,  10 oxygen, ammonia, nitrogen
and CO,. The three characteristic steps of the catalytic cracking can
therefore be distinguished:  I) a cracking step in which the hydrocarbons are
converted into lighter products, 2) a  stripping step to remove hydrocarbons
adsorbed on the catalyst, and 3) a regeneration step to  burn off coke from
the catalyst. The regenerated catalyst is then reused in the cracking step. I
S The catalyst regenerator may be operated in complete combustion mode, which
has  now become the standard combustion mode, in partial CO combustion mode,
or in a dual  complete partial combustion mode. In complete combustion
operation, the coke on the  catalyst is completely burned to CO2. This is
typically accomplished by conducting the  regeneration in the presence of
excess oxygen, provided in the form of excess air, The 20 exhaust gas from
complete combustion operations comprises NOx. SOx, CO-, nitrogen and  Oxygen.
In partial carbon monoxide combustion mode operation, the catalyst
regenerator is  operated with insufficient an to burn all of the coke in the
catalyst to CO2. As a result, the  coke is combusted to a mixture ofCO and
CO2. The CO can optionally be oxidized to CO2 25 in a downstream CO boiler.
The effluent from the CO boiler comprises NOx, SOx. CO2 and  nitrogen.
Several approaches have been used in industry to reduce SOx, NOx and CO in
cracking catalyst regenerator exhaust gases. These include capital-intensive
and expensive  options, such as pretreatment of reactor feed with hydrogen
and flue gas post-treatment 30 options, and less expensive options, such as
the use of catalysts and catalyst additives. An early approach used alumina
compounds as additives to the cracking catalyst to  adsorb sulfur oxides in
the FCC regenerator; the adsorbed sulfur compounds that entered the  process
in the feed were released as hydrogen sulfide during the cracking portion of
the cycle  and passed to the product recovery section of the unit where they
were removed. Flowever,  -2 



wO 2100H060519 PCT/1S2004 039700  while sulfur is subsequently removed from
the stack gases of the regenerator in this process,  product sulfur levels
are not greatly affected. It is known in the art that NOx can be removed from
the flue gas with NH3, which is a  selective reducing agent that does not
react rapidly with excess oxygen that may be present in  5 the flue gas Two
types ofN113 processes have evolved, thermal and catalytic. Thermal processes
operate as homogeneous gas-phase processes at high temperatures, typically
around 1550 to 1900F, The catalytic systems generally operate at much lower
temperatures,  typically at 300 to 850F. U.S. Patent No. 4,521,389 describes
adding NH3 to flue gas to  catalytically reduce the NOx to nitrogen. These
flue gas treatments to reduce NOx are 10 powerful, but the capital and
operating costs are high. Alternative compositions and methods  for reducing
NOx and CO in the flue gas of an FCC unit are described in co-pending U.S.
Patent Application No. 101639,688, filed August 13, 2003. Industrial
facilities are continuously trying to find new and improved methods io
reduce the concentration of NOx, SOx and CO from the emission of FCC units to
reduce  15 pollution in the aintosphere. The invention is directed to these
and other important ends.  Summary of the invention The present invention is
directed to methods for reducing SOx, NOx, and CO  emissions from a fluid
stream comprising contacting the fluid stream with a compound 20 comprising
magnesium and aluminum and having an X-ray diffraction pattern displaying at
least a reflection at a two theta peak position at about 43 degrees and about
62 degrees,  wherein the ratio of magnesium to aluminum in the compound is
from about 1: 1 to about  10 1. In one embodiment, the ratio of magnesium to
aluminum in the compound is from  about 1:1 to about 6:1, In one embodiment,
the ratio of magnesium to aluminum in the 25 compound is from about 1.5:1 to
about 10:1. In another embodiment, the ratio of magnesium  to aluminum in the
compound is from about 1.5:1 to about 6:1. These compounds can be  used alone
to reduce SOx, NOx and/or CO emissions, or can optionally be used in
combination with metallic oxidants, supports, or other components to reduce
SOx, NOx  and/or CC) emissions. These compounds can be in the form Ufa slurry
or a shaped body. 30 The shaped body con be a dried shaped body and/or a
calcined shaped body.  Brief Description of the Figures Figure 1 is the XRD
of a slurry of a magnesium alutninate compound where the ratio  of Mg/AI is
2.5. -3 



WO 20e5/uM519 PC171JS2004/039706  Figure 2 is the XRD of a dried magnesium
aluminate compound that is a precursor to  a hydrotalcite like compound where
the ratio of Mg/AI is 2.5. Figure 1 is the XRD of a slurry of a calcined
magnesium aluminate compound that is  a precursor to a hydrotaleite like
compound where the ratio of Mg/Al is 2.5. 5 Figure 4 is an XRD pattern for a
magnesium aluminate compound having a Mg:AI  ratio of 2:1 wherein the slurry
has been heated in step (b) at a temperature of about 80-85C.  Figure 5 is an
XRD pattern for a magnesium aluminate compound having a Mg:Al ratio of 2:1
wherein the slurry has been heated in step (b) at a temperature of about
80-85C  for a longer period of time than the magnesium aluminate compound
shown in Figure 4. 10 Figure 6 shows the crystalline portion of the phase
shown in Figure 4, where the  amorphous material in Figure 4 was subtracted
out of the XRD pattern. Figure 7 shows the XRL) patterns for magnesium
aluminate compounds of the  invention during various stages of preparation.
The bottom XRD pattern in Figure 7 is of a  hydrotaleite like compound. 15
Figure 8 shows The XRD patterns for calcined magnesium aluminate compounds
that  are precursors to hydrotaleite like compounds. The calcined ntao esium
aluminate  compounds have Mg:Al ratios, from top to bottom, of 2:1, 3:1 and
5:1. Figure 9 shows the XTtI) pattern fora 0.5 Mg to Al spine] compound,
produced as a  comparative example. 20 Figure 10 shows the XRD pattern for a
0.8 Mg to Al spinel compound, produced as a  comparative example. Figure 11
shows the XRD pattern for a 3.0 Mg to Al spray-dried composition of the
present invention. Figure 12 shows the XR1) pattern for a 3.0 Mg to Al
composition of the present  25 invention that was calcined at 600 T. Figure
13 shows the XRD pattern for a 4.0 Mg to Al composition of the present
invention that was calcined at 600 C. Detailed Description of the Invention
30 It has been unexpectedly discovered that the mixed metal oxides of the
present  invention, which can also be referred to as precursors, as described
in U.S. Patent No.  6,028,023. U.S. Patent 1 o. 6,479,421, and copending U.
S. Patent Application I4o.  10/290.012. filed November 7, 2002 and U. S.
Patent Application No. 10/444,629, filed May  23, 2003, are useful to reduce
SOx, NOx and/or CO emissions in a fluid stream. Thus, the 



-4 \V () 2005/0605 1 9 PC'l TS2004/039706  present invention is directed to
methods for reducing SOx, NOx, and CO emissions from a  fluid stream
comprising contacting the fluid stream with a compound comprising magnesium
and aluminum and having an X-ray diffraction pattern displaying at least a
reflection at a two  theta peak position at about 43 degrees and about 62
degrees, wherein the ratio of ntagttesium 5 to aluminum in the compound is
from about 1:1 to about 10:1_ In one embodiment, the ratio  of magnesium to
aluminum in the compound is from about 1:1 to about 6:1 . In one  embodiment,
the ratio of magnesium to aluminum in the compound is from about 1.5:1 to
about 10:1. In another embodiment, the ratio of magnesium to aluminum in the
compound is  from about 1.5:1 to about 6:1. 10 The tents "XRI" as used herein
means x-ray diffraction. The tern "FCC" as used herein means fluid catalytic
cracking. In one embodiment, the invention provides methods for reducing
Styx, NOx and/or  CO emissions from a fluid stream by contacting a mixed
metal oxide compound with the  fluid stream. in one embodiment, the nixed
metal oxide compound is a magnesium 15 aluninate compound. In another
embodiment, the mixed metal oxide compound is in the  form of a solid
solution. In another embodiment, the mixed metal oxide is a precursor to a
hydrotalcite like compound. In one embodiment, the mixed metal oxide compound
is used  per se as the additive to reduce SOx. NOx and/or CO emissions. In
one enthodiment, the  mixed metal oxide compound is in the form of a shaped
body. In one embodiment, the 20 shaped bodies are dried, calcined or a
mixture thereof, In another embodiment, the fluid  steam is a fluid catalytic
cracking unit. In another embodiment, the invention provides methods for
reducing SOx, NOx  and/or CO emissions from gas streams by adding one or more
shaped bodies comprising  mixed metal oxide compounds and one or more
metallic oxidants to the gas streams. In one 25 embodiment, the mixed metal
oxide compound is a magnesium acuminate compound. In  another embodiment, the
mixed metal oxide compound is in the form of a solid solution. In  :mother
embodiment, the mixed metal oxide is a precursor to a hydrotalcite like
compound. In one embodiment, the metal in the metallic oxidant is antimony,
bismuth, cadmium, cerium,  chromium, cobalt, copper, dysoprosium, erbium,
europium, gadolinium, germanium, gold, 30 holmium, iridium, iron, lanthanum,
lead, manganese, molybdenum, neodyniium, nickel,  niobium, osmium. palladium,
platinum, praseodymium, promethium, rhenium, rhodium,  ruthenium, samarium,
scandium. selenium, silicon, silver, suliin, tantalum, tellurium,  



terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium, yttrium,
zinc, or a mixture of  two 01 more thereof. In another embodiment, the metal
in the metallic oxidant is cobalt, -5 lVO 200h50,0519 11CT!C52004 /11 3 9 711
6  copper, or a mixture thereof. In one embodiment, the shaped bodies are
dried, calcined or a  mixture thereof. In another embodiment, the gas stream
is a fluid catalytic cracking unit. In another embodiment, the invention
provides methods for reducing SOx, NOx  and/or CO emissions from gas steams
by adding one or more shaped bodies comprising  5 mixed metal oxide compounds
and a support to the gas streams. In one embodiment, the mixed metal oxide
compound is a magnesium aluminate compound. In another embodiment,  the mixed
metal oxide compound is in the form of a solid solution. In another
embodiment,  the mixed metal oxide is a precursor to a hydrotalcite like
compound. In one embodiment,  the support is a spinel, hydrotalcite like
compound, magnesium acetate, magnesium nitrate, 10 magnesium chloride,
magnesium hydroxide, magnesium carhonate, magnesium formate,  aluminum
titanate, zinc titanate, zinc aluminate, zinc titanate/zinc aluminate,
aluminum  zirconate, calcium oxide, calcium aluminate, aluminum
nitrolivdrate, aluminum hydroxide  compound, aluminum-containing metal oxide
compound (e.g., other than alumina or  aluminum hydroxide compounds),
aluminum[ chlorohydrate, titanic, zirconia, clay (e.g., 15 halloysite,
rectorite, hectorite, montaorillinite, synthetic montmorillinite, sepiolite,
activated  sepiolite, kaolin), clay phosphate material, zeolite, or a mixture
of two or more thereof. In  one embodiment, the shaped bodies can are dried,
calcined or a mixture thereof. In another  embodiment, the gas stream is a
fluid catalytic cracking unit. In another embodiment, the invention provides
methods for reducing SOx, NOx  20 and//or CO emissions from gas streams by
adding one or more shaped bodies comprising  mixed metal oxide compounds; one
or more metallic oxidants; and a support to the gas  streams. In one
embodiment, the mixed metal oxide compound is a magnesium aluminate
compound. In another embodiment, the mixed metal oxide compound is in the
form of a  solid solution. In another embodiment, the mixed metal oxide is a
precursor to a hydrotalcite 25 like compound. Iii one embodiment, the shaped
bodies arc dried, calcined or a mixture  thereof In another embodiment, the
gas stream is a fluid catalytic cracking unit. In another embodiment, the
invention provides methods for reducing SOx, NOx  and/or CO emissions from
gas streams by adding one or more shaped bodies comprising  about 99 wt'.'/,,
to about I wt% mixed metal oxide compounds and about 1 wt% to about 99 30 wt%
hydrotalcite like compounds to the gas streams. In one embodiment, the mixed
metal  



oxide compound is a magnesium aluminate compound. In another embodiment, the
mixed  metal oxide compound is in the form of a solid solution. In another
embodiment, the mixed  metal oxide is a precursor to a ]tydrotalcite like
compound. In one embodiment, the shaped  bodies are dried, calcined or a
mixture thereof. In another embodiment, the gas stream is a  -6 WO
20051060514) P( n ix20114;a39706  fluid catalytic cracking unit. In another
embodiment, the invention provides methods for reducing SOx, NOx  and/or CO
emissions from gas streams by adding one or more shaped bodies comprising (i)
about 99 wt% to about I wt% mixed metal oxide compounds, (ii) about I wt% to
about 99 5 wt% hydrotalcite like compounds, and (iii) one or more metallic
oxidants to the gas streams.  In one embodiment, the mixed metal oxide
compound is a magnesium aluminate compound.  In another embodiment, the mixed
metal oxide compound is in the form of a solid solution. In another
embodiment, the mixed metal oxide is a precursor to a hydrotalcite like
compound.  In one embodiment, the metal in the metallic oxidant is antimony,
bismuth, cadmium, cerium,  10 chromium, cobalt, copper, dysoprosium, erbium,
europium, gadolinium, germanium. gold, holmium, iridium, iron, lanthanum,
lead, manganese, molybdenum, neodymium, nickel,  niobium, osmium, palladium,
platinum, praseodymium, promethium, rhenium, rhodium,  rutheniumn, samarium,
scandium, selenium, silicon, silver, sulfur, tantalum, tellurium,  terbium,
tin, titanium, tungsten, thulium, vanadium, ytterbium, yttrium, zinc, or a
mixture of 15 two or more thereof. In another embodiment, the metal in the
metallic oxidant is cobalt,  copper, or a mixture thereof, In one embodiment,
the shaped bodies are dried, calcined cr a  mixture thereof. In another
embodiment, the gas stream is a fluid catalytic cracking unit. In another
embodiment, the invention provides methods for reducing SOx, NOx  and/or CO
emissions from gas streams by adding one or more shaped bodies comprising (i)
20 about 99 wt% to about I wt% mixed metal oxide compounds, (ii) about I wt`%
to about 99 vetG, hydrotalcite like compounds, and (iii) a support oxidants
to the gas streams. In one  embodiment, the mixed metal oxide compound is a
magnesium aluminate compound. In  another embodiment, the mixed metal oxide
compound is in the four of a solid solution. in  another embodiment, the
mixed metal oxide is a precursor to a hydrotalcite like compound. 25 In one
embodiment, the support is a spinel, hydrotalcite like compound, magnesium
acetate,  magnesium nitrate, magnesium chloride, magnesium hydroxide,
magnesium carbonate,  magnesiur fonnare, aluminum titanate, zinc titanate,
zinc aluminate, zinc titauate/zing  aluminate, aluminum zirconate, calcium
oxide, calcium aluminate, aluminum nitrohydrate,  



aluminum hydroxide compound, aluminum-containing metal oxide compound (e.g.,
other 30 than alumina or aluminum hydroxide compounds), aluminum
chlorohydrate, titania, zirconia,  clay halloysite, rectorite, hectorite,
montmorillinite, svnrthetic montmorillinite, sepiolite,  activated
se.piolite, kaolin), clay phosphate material, zeolite, or a mixture of two or
more  thereof. In one embodiment, the shaped bodies are dried, calcined or a
mixture thereof. In  another embodiment, the gas stream is a fluid catalytic
cracking unit. -7 WO 24 05i0ea519 PCT/ 11 S2 01 t4/1139706  In another
entbodimert, the invention provides methods for reducing SOx, NOx and/or CO
emissions from gas streams by adding one or more shaped bodies comprising (i)
about 99 wt% to about I wt% mixed metal oxide compounds, (ii) about 1 wt% to
about 99  ~t a bydrotalcite like compounds, (iii) one or more metallic
oxidants, and (iv) a support to 5 the gas streams. In one embodiment, the
mixed metal oxide compound is a magnesium  alurninate compound. In another
embodiment, the mixed metal oxide compound is in the  fort of a solid
solution. In another embodiment, the mixed metal oxide is a precursor to a
hydrotalcite like compound. In one embodiment, the shaped bodies are dried,
calcined or a  mixture thereof. In another embodiment, the gas stream is a
fluid catalytic cracking unit. 10 In sonic embodiments of the invention
described herein, the metallic oxidants arc  present in an amount up to about
50% by weight; from about 0.1 % by weight to about 40%  by weight; from about
1% by weight to about 30% by weight; from about 1% by weight to  about 25%by
weight; from about 1% by weight to about 20% by weight; from about I % by
weight to about 15% by weight; or from about 1 % by weight to about I0% by
weight, 15 calculated as the oxide equivalent. In one embodiment, the solid
support is present in an  amount up to about 50% by weight; from about 1%o by
weight to about 30% by weight; from  about 1% by weight to about 20% by
weight; from about 1 % by weight to about 15% by  weight; from about I % by
weight to about 10% by weight; or from about 1 % by weight to  about 5% by
weight. 20 These and other aspects of the invention are described in more
detail below. In one  embodiment, the invention provides methods for reducing
SOx, NOx and/or CO emission  from gas streams (e.g., FCC units) by adding
mixed metal oxide compounds to the gas  streams. In one embodiment, the mixed
metal oxide compounds are in the form of shaped  bodies. In another
embodiment, the shaped bodies are dried shaped bodies and/or calcined  25
shaped bodies. In another embodiment, the invention provides methods for
reducing SOx, NOx  



and%or CO emission from gas streams (e.g., FCC units) by adding compositions
comprising  mixed metal oxide compounds to the gas streams. In one
embodiment, the composition is a  SOx, NOx andior CO absorbent. In another
embodiment, the composition is in the form of 30 shaped bodies, such as dried
shaped bodies and/or calcined shaped bodies. In one  embodiment, the
composition optionally further comprises one or more metallic oxidants
and/or supports. To reduce the NOx from the flue gas; the compositions
comprising mixed metal  oxide compounds of the invention are introduced into
an FCC regenerator and arc -8 N0 20()510011519 11C77ltS 21111.1(1139716
continuously cycled between the FCC reactor and the regenerator. The
compositions of the  invention can be used in an unexpectedly small amount to
reduce NOx and CO emissions. For example, th compositions of the invention
can be used in an amount of about 1 ppm to  about 1000 ppm, from about 2 ppm
to about 500 ppm; from about 50 ppm to about 250 ppm;  5 or from about 100
ppm to about 200 ppm. Alternatively, the compositions of the invention can be
used in an amount of about 0001 weight% to about 5 weight % of the
circulating  inventory of the total catalyst in the FCC regenerator; in an
amount of about 0.001 weight%  to about 1 weight% of the circulating
inventory of the total catalyst in the FCC regenerator;  or from about 0.0'
weight% to about 0.1 weight% of the circulating inventory of the total I0
catalyst in the FC.C regenerator. The compositions of the invention can
reduce the NOx  and/or CO emissions from an FCC. unit in about two hours or
less; about one hour or less;  about thirty minutes or less; about fifteen
minutes or less; or about 5 minutes or less. In another embodiment. the
compositions of the invention reduce CO emissions from  the regenerator of an
FCC unit and/or from the flue gas in the flue of the FCC unit. In one  15
embodiment the invention provides flue gas treatments for reducing CO in the
flue of an FCC unit by adding a composition comprising copper and/or cobalt
and a carrier to the  regenerator of the FCC unit. In another embodiment, the
invention provides methods for  reducing CO emissions from the regenerator of
the FCC unit by adding a composition  comprising copper and/or cobalt and a
carrier to the regenerator of the FCC unit. In yet 2D another embodiment, the
invention provides methods for reducing CO in the flue of an FCC  unit and
for reducing CO emissions from the regenerator of the FCC unit by adding a
composition comprising copper and/or cobalt and a carrier to the regenerator
of the FCC unit.  The carrier can he a hydrotalcite like compound, a spinel,
alumina, silica, calcium aluminate,  aluminum silicate, aluminum titanate,
zinc titanate, aluminum zirconate, magnesium 



25 aluminate, aluminum hydroxide, an aluminum-containing metal oxide compound
other than  A1103, clay. magnesia, lanthana, zirconia, titania, a
clay/phosphate material, magnesium  acetate, magnesium nitrate, magnesium
chloride, magnesium hydroxide, magnesium  carbonate, magnesium formate,
hydrous magnesium silicate, magnesium silicate, magnesium  calcium silicate,
boria, calcium silicate, calcium oxide, aluminum nitrohydrate, aluminum 30
chlorohydrate, silica/alumina, zeolites (e.g., ZSM-5),or a mixture of two or
more thereof. In  one embodiment, the carrier is a hydrotalcite like
compound, a spinel, alumina, zinc titanate,  zinc aluminate or zinc
titanate/zinc aluminate. hr another embodiment, the compositions of the
invention can be used in conjunction  with a CO combustion promoter, such as
a platinum and/or alumina CO combustion -9 WO 21415i000519
PC'77US21104N139706  promoter. From 0.01 to 100 weight ppm Pt metal, based on
the inventory of the regenerator,  maybe used with wood results. Very good
results can he obtained with as little as 0.1 to 10  weight ppm, platinum
present on the catalyst in the unit. Any conventional FCC feed can be used in
the FCC unit. The feeds may range from  i the typical, such as petroleum
distillates or residual stocks, either virgin or partially refined,  to the
atypical, such as coal oils and shale oils. The feed frequently will contain
recycled  hydrocarbons, such as light and heavy cycle oils which have already
been subjected to  cracking. Preferred feeds are gas oils, vacuum gas oils,
atmospheric resids, and vacuum  resids. 10 Any comnmr~rcially available FCC
catalyst maybe used. The catalyst can be 100%  amorphous, but preferably
includes some zeolite in a porous refractory matrix such as silica- alumina,
clay, or tine like. The zeolitc is usually about 5 to about 40 weight % of
the catalyst,  with the rest being matrix. Conventional zeolites such as Y
zeolites, or aluminum deficient  fors of these zeolites, such as dealuminized
Y. ultrastable Y and ultrahydrophobic Y may 15 he used. 'line zeolites may be
stabilized with rare earths, for example, in an amount of about  0.1 to about
10 weight  . Relatively high silica zeolite containing catalysts can he used
in  the invcntion. They withstand the high temperatures usually associated
with complete  combustion of CO to CO2 within the FCC regenerator. Such
catalysts include those  containing about 10 to about 40%ultrastable Y or
rare earth ultrastable Y. 20 The catalyst inventory may also contain one or
more additives, either present as  separate additive particles, or mixed in
with each particle of the cracking catalyst. Additives  can be added to
enhance octane, such as medium pore size zeotites, e.g., ZSM-5 and other  



materials having a similar crystal structure. Conventional riser cracking
conditions may be used. 't'ypical riser cracking reaction  25 conditions
include catalyst/oil ratios of about 0.5:1 to about 15:1 and a catalyst
contact time  of about 0.1 to about 50 seconds, and riser top temperatures of
about 900 to about 10507. It  is important to have good mixing of feed with
catalyst in the base of the riser reactor, using  conventional techniques
such as adding large amounts of atomizing steam, use of multiple  nozzles,
use of atomizing nozzles and similar technology. The base of the riser may 30
comprise a riser catalyst acceleration zone. It is preferred to have the
riser reactor discharge  into a closed cyclone system for rapid and efficient
separation of cracked products from spent  catalyst. The compounds,
compositions and/or shaped bodies of the invention can be made by  the
methods described in U.S. Patent No. 6,028.023. In one embodiment, the
compounds,  -10 \x() 21115 u60519 PCI)US2 0 114 /1Q9-146  compositions and
shaped bodies are made by the following process: (a) reacting a mixture
comprising at least one divalent metal compound and at  least one trivalent
metal compound to produce a mixed metal oxide compound in the tort of  a
slurry; S (b) heat treating the mixed metal oxide compound slurry from step
(a) at a  temperature up to about 225C to produce a heal-treated mixed metal
oxide compound in the  form of a sluny; (e) drying the }teat-treated compound
from step (b) to produce one or more shaped  bodies of the mixed metal oxide
compound; and, optionally, 10 (d) heat treating the compound from step (c) at
a temperature of about 300C or  higher to produce one or more calcined shaped
bodies of a mixed metal oxide compound.  In inc, enrbodinrent, the mixture is
an aqueous mixture and the slurry is an aqueous  slurry. Steps (a)-(d) can be
conducted in a continuous and/or batch wise manner, The terms  15 "aqueous
Slurry" and "slurry" include, for example, so] solutions, gels and pastes. In
the  methods of making the shaped bodies of the mixed metal oxide compounds
of the invention,  a solvent can optionally be added to the slurry during the
heat treatment of step (b). The  solvent can he, for example, acetic acid,
propionic acid, formic acid, butyric acid, valeric  acid, nitric acid.
ammonium hydroxide, water, and the like. In one embodiment, the solvent  20
is acetic acid. 



The divalent metal cation im the divalent metal compound can be, for example,
Mg  C a /.rr ', Mir , Co", Nr Sr", 10". Cu' or a mixture of two or more
thereof. In one  embodiment. the divalent metal cation is Mg3+. Divalent
metal compounds are well known in  the art. Exemplary divalent metal
compounds containing Mg 2+ include magnesium oxide, 25 magnesium hydrox,y
acetate, magnesium acetate, magnesium hydroxide, magnesium nitrate,
magnesium hydroxide, magnesium carbonate, magnesium formate, magnesium
chloride,  magnesium aluminate, hydrous magnesium silicate, magnesium calcium
silicate, magnesium- containing clays (e.g., dolomite, saponite, sepielite)
and mixtures of two of more thereof. The trivalent metal cation in the
trivalent metal compound can be, for example, Ala ,  30 Ii.`1i , Fe's, Co-,
Ni', C:r- , Ga'+, Bs+ La", 013+ or a mixture of two or more thereof. In one
embodiment, the trivalent metal cation is Al'. Trivalent metal compounds are
well known in  the art Exemplary trivalent metal compounds containing A13T
include aluminum hydroxide  hydrate, aluminum oxide, aluminum acetate,
aluminum nitrate, aluminum hydroxide,  aluminum carbonate, aluminum formate,
aluminum chloride, hydrous aluminum silicate, -11 W'0 2005A)605 l9 P('TiU
S211OJI0397t 6  aluminum calcium silicate, transition alumina, aluminum
trihydrate (e.g., gibbsite, bayerite,  calcined alumina) alumina sots,
amorphous alumina, pseudoboehnrite, aluminum-containing  clays (e.g., kaolin,
sepiolite, hydrotalcite, bentonite, metakaolin), sodium aluminate. and
mixtures of two or 1n01'e thereof. 5 In the mixed metal oxide compounds of
the invention, the ratio of the divalent metal  cation (e.g., Mg2,) to the
trivalent metal cation (e.g., Al) 3'can be from about 1:1 to about 10:1;
front about 1.1:1 to about 6:1; about 1.2:1 to about 5:1; about 1.3:1 to
about 5:1; about  1.4:1 to about 5:1; about 1.5:1 to about 5:1; about 1.6:1
to about 5:1; about 1,7:1 to about 5:1;  about 1.8:1 to about 5:1; about
1.9:1 to about 5:1; or about 2:1 to about 5:1. Prior to step (a), the
divalent metal compound can be prepared in the form of a slurry,  and the
trivalent metal compound can be prepared in the form of a slurry. 'the
divalent metal  compound and the trivalent metal compound can be separately
prepared in the form of a  slurry, and then mixed together; or a mixture
containing the divalent metal compound and the  trivalent metal compound can
be prepared by simultaneously or concurrently mixing the 15 compounds
together in the form of a slurry. In one embodiment, the aqueous reaction
mixture in step (a) can further comprise one  or more other metal components
such as metals of antimony, bismuth, cadmium, cerium,  chromiunm, cobalt,
copper, dysoprosium, erbium, europium, gadolinium; germanium, gold,  



holmium, iridium, iron, lanthanunm, lead, manganese, molybdenum, neodymnium,
nickel, 20 niobium, osnmium, palladium, platinum, praseodymium, promethium,
rhenium, rhodium,  ruthenium, samarium, scandium, selenium, silicon, silver,
sulfur, tantalum, tellurium,  terbium, tin, titanium, tungsten, thulium,
vanadium, ytterbium, yttrium, zinc, or a mixture of  two or more thereof. The
metals can be in an elemental state and/or can be in the form of  metal
oxides, metal sulfides, metal halides, or mixtures of two or more thereof: In
one 25 emmbodiment, the. aqueous reaction mixture further comprises copper
(e.g., CuO), cobalt (e.g.,  CoO), vanadium (e.g., V2O5), titanium (TiO2),
lanthanum (La2O,), cerium (e.g., CeO2),  tungsten, or a mixture of two or
more thereof. In another embodiment, the aqueous reaction  mixture further
comprises copper (e.g., CuO), cobalt (CoO), vanadium (e.g., V205), cerium
(e.g., CeO2), or a mixture of two or more thereof. The one or more metal
components (or 30 oxide, sulfides, and/or halides thereof) can be present in
the aqueous reaction mixture in an  amount up to about 401/o by weight; or
from about 1 % to about 25% by weight; or from about  2% to about 20% by
weight, calculated as the oxide equivalent. The one or more other metal
components can be added to the aqueous reaction mixture at the same time as
the at least one  divalent metal compound and the at least one trivalent
metal compound are being mixed _12_ N0 2n05/abu519 PC11US2004/039706
together to form the aqueous slurry. Step (b) of heat treating the aqueous
slurry can be conducted by heat treating the  aqueous slurry at a temperature
of about 50C to less than 225C; at a temperature of about  60C to about 200C;
at a temperature of about 70C to about 150C; at a temperature of 5 about 75C
to about 100C; or at a temperature of about 80C to about 85C. The low
temperature heat treating step can be conducted for about 10 minutes to about
24 hours or  more. The low temperature heat treatment is generally conducted
in air or an inert  atmosphere, and at atmospheric pressures. In one
embodiment, the step of low temperature  heat treatment is accomplished using
steam injection, jacketing, heat coils, and/or autoclave. 10 The low
temperature heat treatment does not result in a dry compound; instead, is in
the fort  of a heat-treated, aqueous slurry. In another embodiment, the one
or more other metal components (e.g., metals, oxides,  sulfides and/or
halides of antimony, bismuth, cadmium, cerium, chromium, cobalt, copper,
dysoprosium, erbium. europium, gadolinium, germanium, gold, holmium, iridium,
iron, 15 lanthanum, lead, manganese, molybdenum, neodymium, nickel, niobium,
osmium,  palladium, platimmn, praseodyanium, promethium, rhenium, rhodium,
ruthenium, samarium,  



scandium, selenium, silicon, silver, sulfur, tantalum, tellurium, terbium,
tin, titanium,  tungsten, thulium, vanadium, ytterbium, yttrium, zinc, or a
mixture of two or more thereof)  can be added to the aqueous slurr; before,
during and/or after step (b). 20 After conducting the low temperature heat
treatment, the heat-treated, aqueous slurry  is dried. The drying step (c)
can he accomplished by, for example. spray drying, drum  drying, flash
drying, tunnel dr}ping, and the like. In one embodiment, the drying step is
accomplished by spray drying. Upon drying, the mixed metal oxide compound can
be in the  form of shaped bodies (e.g., particles, grains, pellets, powders,
extrudate, spheres. granules, 25 and mixtures of two or more thereot). The
drying step is usefirl to create shaped bodies  having particular shapes of
interest. 'fhe dried mixed metal oxide compounds described  herein can be
used in an FCC unit to reduce SOx, NOx and/or CO emissions. Step (d) can also
be conducted at a temperature from about 300C to about 1,600C;  or about 300C
to about 850C; or about 400C to about 500C. In other embodiments, step  30
(d) is conducted at a temperature from about 300C to about 850C; or about
500C to about  850C; or about 550C to about 850C; or about 600C to about
850C. The high temperature heat treatment is generally conducted in air at
atmospheric pressures. The high  temperature heat treatment step can be
conducted for about 10 minutes to about 24 hours or  more; from about 1 hour
to about 18 hours; or from about 1 hour to about 10 hours. The high  -13 WO
2005/1 60, 19 Pt:" I/ U S2004/039706  temperature: heat treatment step can be
conducted in air, in an inert environment, in an  oxidizing environment
(e.g., higher amounts of oxygen than that found in "normal" air), or in a
reducing environment. In one embodiment, the high temperature heat treatment
step is  conducted in air. The calcined mixed metal oxide compounds described
herein can be used  5 in an FCC unit to reduce SOx, NOx and/or CO emissions.
The deed and/or calcined shaped bodies comprising mixed metal oxide compounds
generally have an attrition less than 4; less than 3; less than 2.5, less
than 2.4, lass than 2.3.  less than 22, or less than 2.1; preferably less
than 2; less than 1.9; less than 1.8; less than 1.7,  less than 1.6 or less
than 1.5. In other embodiments, the attrition of the mixed metal oxide 10 can
he less than 1.4; ]es tlran 1.3; less than 1.2; less than 1.1; less than 1.0;
less than 0.9: less  than 0.S; or less than 0.7. The attrition of the mixed
metal oxide compounds is measured by  the ASTM D5757 method between the first
and second hours or between the first and fifth  hours. In one embodiment,
the mixed metal oxide is a solid solution magnesium aluminatc  



15 comprising magnesium and aluminum in a ratio of about 1.1 to about 6:1,
wherein the  calcined form of --he solid solution magnesium aluminatc has an
X-ray diffraction pattern  displaying at least a reflection at a two theta
peak position at about 43 degrees and about 62  degrees. In other
embodiments, the ratio of magnesium to aluminum is 1.1:1 to 6:1; 1.2:1 to
5:1;1.3:1to 5:1;1.4:1to 5:1;1.5:1to 5:1;1.6:1to 5:1;1.7:1to5:1;1.8:1to 5:1;
1.9:1to 5:1; 20 or 21 to 5:1. The composition, as a whole, can comprise
magnesium in an amount of at least  38% by weight calculated as the oxide
equivalent (i.e., MgO). Alternatively, the  composition, as a whole, can
comprise magnesium in an amount of at least 39% by weight,  40% by weight.
41`i% by weight, 42% by weight, 43% by weight, 44% by weight, 45% by  weight,
or 50% by weight, calculated as the oxide equivalent (i.e., MgO). The solid
solution 25 can be in the form of a shrrry, dried shaped bodies and/or
calcined shaped bodies. The solid  solution can be used in the methods
described herein by itself or the solid solution can be  used in a
composition that contains other components (e.g., metallic oxidants and/or
supports). The shaped bodies can comprise the solid solution magnesium
ulurninate, one or more  30 metallic oxidants, and, optionally, a support;
where the metal in the metallic oxidant is  antimony, bismuth. cadmium,
cerium, chromium, cobalt, copper, dysoprosium, erbium,  europium, gadolinium,
germanium, gold, holmium, iridium, iron, lanthanum, lead,  manganese,
molybdenum, neodymium, nickel, niobium, osmium, palladium, platinum,
praseodymium, promethium, rhenium, rhodium, ruthenium, samarium, scandium,
selenium, -14 Vs 0 2005/0611510 PCT/I I S20041039706  silicon, silvan,
sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium,
vanadium,  ytterbium, yttrium, zinc, or a mixture of two or more thereof In
one embodiment, the  composition comprises copper (e.g., CuO), cobalt (e.g.,
Co(D), vanadium (e.g., Vz05), titanium (I'iO,), lanthanum (Ia203), cerium
(e.g., CeO2), tungsten, or a mixture of two or 5 more thereof. in another
embodiment, the composition comprises copper (e.g., CuO), cobalt  (CoO),
vanadium (e.g., V20s), cerium (e.g., CeO2), or a mixture of two or more
thereof. In  another embodiment, the composition comprises copper (e.g., CuO)
and/or cobalt (COO). In  another embodiment. the composition comprises
vanadium (e.g., V705) and/or cerium (e.g.,  CeOZ). The support can be a
spinel and/or a hydrotalcite like compound. 10 In one embodiment of the
invention, the magnesium aluminate compound is not a  spinel; is not derived
from a hydrotalcite like compound; and is not a hydrotalcite like  compound.
It is preferred that the magnesium aluminate compound of the invention is not



derived fsom a hydrotalcite like compound. The compositions of the invention
that comprise  a magnesium aluminate compound can, however, further comprise
other components, such as 15 spinel, compounds derived from hydrotalcite like
compounds and/or hydrotalcite like  compounds, In other embodiments of the
invention, the invention provides methods to reduce  Sox. NOx and CO
emissions from an FCC unit using one or more shaped bodies comprising  (i) 99
wl% to I tnt% mixed metal oxide compounds and (ii) I wt% to 99 wt%
hydrotalcite 20 like compounds. In other embodiments, the shaped bodies about
95 wt% to about 20 A q% of  mixed metal oxide compounds that are precursors
to hydrotalcite like compounds and about 5  wt'/`(" to about SO wt'/'c of
hydrotalcite like compounds. in another embodiment, the shaped  bodies
comprise about 95 wt% to about 25 wt% mixed metal oxide compounds that are
precursors to hydrotalcite like compounds and about 5 wt% to about 75 wt/.,
of hydrotalcite 25 like compounds. In another embodiment, the shaped bodies
comprise about 95 wt% to about  50 wL% of mixed metal oxide compounds that
are precursors to hydrotalcite like compounds  and about 5 wt% to about 50
wt% of hydrotalcite like compounds. In yet another  embodiment, the shaped
bodies comprise about 95 wt/'o to about 75 wt% of mixed metal  oxide
compounds that are precursors to hydrotalcite like compounds and about 5 w
t%6 to 30 about 25 wt% of hydrotalcite like compounds. The shaped bodies in
this embodiment of the  invention can optionally further comprise one or more
metallic oxidants and/or supports to  reduce SOx, NOx and/or CO emissions
from an FCC unit. In this embodiment of the invention, the shaped bodies can
be made following the  methods described in U.S. Patent No. 6,028,023, where
a hydrotalcite like compound is - 15  WO 20051060519 PC T/162004,'039706
added during step (a) described above; before, during andior after step (b)
described above;  and/or before, during andior after step (c) described
above. Hydrotalcite like compounds are characterized by structures having
positively  charged lavers that are separated by interstitial anions andior
water molecules. Exemplary  5 natural minerals that are hydrotalcite like
compounds include meixnerite, pyroaurite, sjogrenite, hydrotalcite, stichhte,
reevesite, eardleyite, mannaseite, barbertonite and  hydrocalumite- Other
hydrotalcite like compounds and methods for making them are  described by
Cavani et al, Catalysis Today, 11:173-301 (1991), the disclosure of which is
incorporated by reference herein in its entirety. 10 In other embodiments,
the hydrotalcite like compound can be a compound of formula  



(1), (II), (111) andior (IV): (X2*',,,Y3+,(OH)2m-2n)A,/a'  bH2O (1)  (1'Id2+n
Ala n(0Il)2n+2.,,)A,/aa bH20 (H)  (Yz+,,,Y,+,d01d)zn,~z,;IOH" bH.20 (Ill)  15
(Mg24 n,Al"n(O11)2,n+2")OH,  bH2O (IV) where X is magnesium, calcium, zinc,
manganese, cobalt, nickel, strontium, barium, copper  or a mixture of two or
more thereof; Y is aluminum, manganese, iron, cobalt, nickel,  chrorniuln,
calliunr, boron, lanthanum, cerium or a mixture of two or more thereof; A is
C03,  NO3, SO4. Cl, OR, Cr. I, SiO3, HPO3, M1104, HIGaO3, HV04, 0104, B03 or
a mixture of two 20 or more thereof; a is 1, 2 or 3; b is between 0 and 10;
and in and n are selected so that the  ratio ofm'tt is about I to about 10.
In one embodiment, the hydrotalcite like compound is hydrotalcite, i.e.,
Mg6Ala(OH)16C03.4H20. In another embodiment, the hydrotalcite like compound
is  M g6AI2(OH)1 s4.5I120. 25 'llie shaped bodies of the invention can
comprise a support. Exemplary supports  include spinels, hydrotalcite like
compounds, magnesium acetate, magnesium nitrate,  magnesium chloride,
magnesium hydroxide., magnesium carbonate, magnesium fonnate,  aluminum
titanate, zinc titanate, aluminum zirconate, calcium oxide, calcium
aluminate,  aluminum nitrohydrate, aluminum hydroxide compound,
aluminum-containing metal oxide 30 compound (e.g., other than alumina or
aluminum hydroxide compounds), aluminum  chlorohydrate, titania, zirconia,
clay (e.g., halloysite, rectorite, hectorite, nrontmorillinite,  synthetic
montmorillinite, sepiolite, activated sepiolite, kaolin), clay phosphate
material,  zeolite, or a mixture of two or more thereof. In one embodiment,
the support is zinc titanate,  zinc aluminate, or zinc titanate/zinc
aluminate, Methods for making such compositions are -15 WO 2005110605 19
PCT(IS20041039706  described, for exanmple, in WO 99/42201, the disclosure of
which is incorporated by reference  herein in its entirety. In another
enibodinrent, the invention provides methods for reducing SOx emissions,  NOx
emissions and/or CO emissions from a fluid catalytic cracking unit by adding
the 5 shaped bodies described herein to an FCC unit to reduce the CO, SOx
and/or NOx emissions  from the FCC writ. The shaped bodies are preferably
added to the regenerator of the FCC  unit. 



The shaped bodies of the invention can be added to any conventional reactor-
regenerator systems, to ebullating catalyst bed systems, to systems which
involve I 0 continuously conveying or circulating catalysts /additives
between reaction zone and  regeneration zone and the like. Circulating bed
systems are preferred. Typical of the  circulating bed systems are the
conventional moving bed and fluidized bed reactor- regenerator systems. Both
of these circulating bed systems are conventionally used in  hydrocarbon
conversion hydrocarbon cracking) operations with the fluidized catalyst 15
bed reactor-regenerator systems being preferred. To reduce the CO, SOx,
and/or NOx from the FCC unit, the shaped bodies described  herein are
introduced into the regenerator of the FCC unit and are continuously cycled
between the FCC reactor and the regenerator. The shaped bodies described
herein can be  used in an amount of least2 ppm; in an amount of at least
about 5% of the inventory of the 20 regenerator; or in an amount of at least
about 10% of the inventory of the regenerator. In another embodiment, the
shaped bodies described herein can be used as catalysts in  reactions known
in the art, such as, for example, basic catalysis (c.g., pclymerization of
alkene oxides, aldol condensation of aldehydes and ketones); refonning of
hydrocarbons  (e.g., naphtha and C114) with water; hydrogenation reactions
(e.g., producing C11, CH3O11, 25 higher alcohols, paraffins and olefins from
syngas, hydrogenation of nitrobenzene); oxidation  reactions; support for
Ziegler-Natta catalysts, and other applications where particle strength is
of importance. In another embodiment, the shaped bodies of the invention can
be used in effective  amounts as flame retardants. 30 In another embodiment,
the shaped bodies of the invention can be used as molding  agents. For
example, the shaped bodies of the invention can be used to produce molded
heat- resistant electrical insulating parts, such as switch boards,
capacitors, insulation wires, and  the like. In still other embodiments, the
shaped bodies of the invention can be used as  - 17 1Ao 2111151060519 PCT/
t1S2004/a39706  corrosion inhibitors in paints and coating compositions or
spacer sheets for electrolytic  capacitors. In still other embodiments, the
shaped bodies of the invention can be used as supports  for other metals,
such as silver, gold, zinc, cadmium, silicon, germanium, tin, lead, 5
chromium, molybdenum, tungsten, sulfur, selenium, tellurium, manganese,
rhenium, iron,  



cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium, platinum,
cerium, copper,  titanium, bismuth, antimony, niobium, tantalum, vanadium,
antimony, or mixtures of two or  more .hereof. The metals can he in an
elemental state and/or can be in the form of oxides,  sulfides and/or
halides. In one embodiment, the shaped bodies of the invention are used as a
10 support Gar copper (e.g., CuO), cobalt (e.g., CoO), vanadium (eg., V2Os),
titanium (f 102),  lanthanum (La203), cerium (e.g., CeO2), tungsten, or a
mixture of two or more thereof: In yet another embodiment, the shaped bodies
of the invention can be used in  therapeutically effective amounts in
pharmaceutical compositions to treat patients having  gastrointestinal
disorders. The pharmaceutical compositions are preferably orally 15
administered in solid dosage forms such as, for example, tablets, capsules,
or the like- Examples  The following examples are for purposes of
illustration only and are not intended to limit the scope of the claims
appended hereto.  20 Example 1 MgO powder (having a surface area of about 100
mZ/g) (MACOX(r), Premier  Chemicals, Cleveland, OFf) was slurried in water at
a solids level of about 14%. Thereafter,  52`/, technical grade acetic acid
was added to the MgO slurry. 25 Separately, pseudohoehmile (P 21b Condea) was
dispersed in water at a solids level of  8% to produce an alumina so;. The
MgO slurry and alumina sal were mixed in a container such that the molar
ratio  of'Mg/Al of the preparation was 2.5. Additional water was added such
that the resulting  solids content of the mixture was about 9.5%. The mixture
was heated to about 214F over a 30 period of about 5 hours, A slurry sample
was taken from the mixture and analyzed, as  discussed helow. the slurry
sample was then spray-dried and the spray-dried particles were  calcined at a
temperature of 550C for an hour. Immediately following preparation of the
mixture, a sample was taken from the  mixture, and the XRD of the sample is
shown in Figure 1. -18 X60 21[115111&0519 PCT/1, S21@4 /03 9 7116  The sample
was then spray dried (i,e., at a temperature of 400C at the inlet arid 150C
at the outlet) and the XRD thereof is shown in Figure 2. The sample was then
calcined at a temperature of 550C for 1 hour and the XRD  thereof is shown in
Figure 3, 



5 Example 2 Magnesium aluminate compounds that are precursors to hydrotalcite
like compounds  were prepared following the methods described herein and in
U.S. Patent No. 6,028,023, the  disclosure of which is incorporated by
reference herein in its entirety. 10 An X-ray diffraction pattern for an
exemplary magnesium aluminate that is a  precursor to a hydretalcite like
compound, where the ratio of magnesium to aluminum is 2:1,  is shown in
Figures 4 and 5. The magnesium aluntinate was heat treated (i.e., step (h)
above) at a temperature of about 80-85C. Figure 6 shows the crystalline
portion of the  phase that was shown in Figure 4, where the amorphous
material present in Figure 4 was l5 subtracted out of the XRD pattern shown
in Figure 6. figure 7 shows the changes in crystal structure at various steps
in the process  described herein. "l'he top XRD pattern (labeled "2Mg11 AI
HTL Precursor before heat  aging") shows tile product of step (a) of the
process described herein, prior to undertaking  step (b) for a magnesium
aluminate compound having a magnesium to aluminum ratio of 2:1. 20 The second
XRD pattern from the top (labeled "2Mg/lAl JU L Precursor after heat aging")
shows the product of step (b) of the process described herein. 'fie third XRD
pattern from  the top (labeled "heat treated") shows the product of the
calcination step (d) of the process  described herein. The bottom XRD pattern
in Figure 7 (labeled "heat treat + hydrate (activated H"CL)")  25 shows the
XRD pattern for a hydrotalcite like compound, as evidenced by the peaks at
about  11.271 degrees, about 22.7 degrees and about 34.4 degrees. Figure 7
includes the effects of  the CeO2 component that was added during the
synthesis reaction and whose most prom inert  peaks manifest themselves at
28.6 degrees, 47.5 degrees and 56.3 degrees. This XRD pattern  demonstrates
that the magnesium auutinate compounds of the invention are precursors to 30
hydrotalcite like compounds. Figure 8 shows the XRD pattern for magnesium
aluminate compounds that are  precursors to hydrotalcite like compounds
following calcination step (d) of the process  described herein, where, the
calcination step was conducted at a temperature of 500C for one  horn. The
top :KRD pattern is for a magnesium aluminate compound having a Mg to Al
ratio -19 w0 2UU5/1160519 P(T/11y2 0 0 4 /113 9 7116  of 2:1. The middle XRD
pattern is for a magnesium aluminate compound having a Mg to Al  ratio of
3:1. The bottom XRD pattern is for a magnesium aluminate compound having a Mg



to Al ratio of 5:1, 5 Example 3 For comparative purposes, a magnesium
aluminum composition was prepared with a  0.5 Mg to Al ratio and including
oxidants of cerium and vanadium oxides. On a loss free  basis, the relative
proportions of A1203, MgO, CeO2, and V205 were 57,0, .115, 16.0, and 8.5
wt%. The composition was prepared by dispersing 1 119 g of pseudoboehmite
(P20) 10 Condea) in 6461 g water under vigorous agitation conditions.
Separately, 106 g acetic acid,  2492 g water and 321 g magnesium oxide powder
(MAGOX, Premier Chemicals) were  mixed together. Upon completion, the alumina
sol was added to the magnesium oxide slurry  along with 6000 g water. Once
the mixture was homogenously mixed, 456 g vanadium  oxalate solution and 774
g cerium nitrate solution were added and mixed for 10 minutes. The 15
resulting slurry was spray-dried to produce mirospheroidal particles.
Following spray-drying,  the powder was calcined in a box furnace at 600 C
for one hour. As shown in Figure 9, X-ray diffraction analysis was performed
on the resulting  powder and showed the predominant magnesium aluminum
compound to be of the spine]  phase, as described in United States Patent
Nos, 4,469,589 and 4,472,267, 20 Example 4 For comparative purposes, a
magnesium aluminum composition was prepared with a  0.8 Mg to Al ratio and
including oxidants of cerium and vanadium oxides. On a loss free  basis, the
relative proportions of A12O3, MgO, CeO2, and V?O5 were 48.7, 30.8. 16.0, and
4.5 25 wt%. The composition was prepared by dispersing 638 g of
pseudoboehntitc (Condea 1'2) in  3044 g water under vigorous agitation
conditions. Separately, 97 g acetic acid, 2272 g water  and 2928 g magnesium
oxide (MAGOX, Premier Chemicals) powder were mixed together.  Upon
completion, the alumina sol was added to the magnesium oxide slurry along
with 4000  g water. Once the mixture was homogenously mixed, 304 g vanadium
oxalate solution and 30 516 g cerium nitrate solution were added and mixed
for 10 minutes. The resulting slurry was  spray-dried to produce
microspheroidal particles. Following spray-drying, the powder was  calcined
in a box furnace at 600 C for one hour. As shown in Figure 10, X-ray
diffraction analysis was performed on the resulting  powder and showed the
predominant magnesium aluminum compound to be of the spine]  -20 WO
21105/060519 11C170S200-1/4139700  phase, as described in United States
Patent Nos, 4,469,589 and 4,472,267. Also present was  



a small amount of the magnesium aluminum oxide of the present invention.
Example 5 5 A magnesium aluminum composition was prepared with a 3.0 Mg to Al
ratio, and  including oxidants of cerium and vanadium oxides. On a loss free
basis, the relative  proportions of A1703, MgO, CeO2, and V205 were 23.6,
55.9, 16 0, and 4,5 w0/o. The  composition was prepared by dispersing 309 g
of pseudoboehmite (Condea P2) in 1473 g  water under vigorous agitation
conditions. Separately, 176 g acetic acid, 4124 g water and 10 532 g
magnesium oxide powder (MAGOX. Premier Chemicals) were mixed together. Upon
coutpiotion, the alumina sol was added to the magnesium oxide slurry along
with 1600 g  water. Once the mixture was homogennusly mixed, 304 g vanadium
oxalate solution and 516  g cerium nitrate solution were added and mixed for
five minutes. The resulting slurry was  spray-dried to produce
microspheroidal particles. Following spray drying, the powder was 15 calcined
in a box funace at 600 C for one hour. X-ray diffraction analysis was
performed on the resulting spray dried and calcined  powders (Figures 11 and
12). Following spray drying, no hydrotalcite-like phases were  observed. Tde
predominant crystalline phases were attributed to magnesium hydroxide,
Mg(OH)2 and pseudoboehmite alumina, AIOOIF xH2O, as shown in Figure 11. As
shown in 20 Figure 12, upon calcination at 600 C, the individual phases
transformed into a predominant  phase of magnesium aluminum oxide exhibiting
the periclase crystal structure similar to M gO. Example 6 25 To determine
the performance of compositions of the instant invention as compared to
compositions prepared according to the teachings of United States Patent No.
6,02 8,023, a  portion of the calcined product of Example 5 was further
hydrated with water to produce a  hydrotalcite-like phase. The x-ray
diffraction pattern showed that in addition to the cerium  oxide oxidant
phase, the predominant magnesium aluminum phase was most closely 30
represented by Mg,Al2O1l1 4.511,0, as depicted in ICDD card 35-965. As more
-Fully  described in the United States Patent No. 6,028,023 patent, this
phase is a hydrotalcite-like  compound. Example 7  -21 VVO 20(1&060519 PCTIP
S2004 /039 7116  A magnesium aluminum composition was prepared with a 4.0 Mg
to Al ratio, and including oxidants of cerium and vanadium oxides. On a loss
free basis, the relative  



proportions of A1203, MgO, CcO,, and V,05 were 19.1, 60.4, 16.0, and 4.5 wt%.
The  composition was prepared by dispersing 172 g of pseudoboehmite (Condea
P2) in 822 g 5 water under vigorous agitation conditions. Separately, 182 g
acetic acid, 42588 water and  549 g magnesium oxide powder (MAGOX, Premier
Chemicals) were mixed together. Upon  completion, the alumina sot was added
to the magnesium oxide slurry along with 1600 g  water. Once the mixture was
homogenously mired, 304 g vanadium oxalate solution and 516  g cerium nitrate
solution were added and mixed for five minutes. The resulting slurry was 10
spray-dried to produce microspheroidal particles. Following spray drying, the
powder was  calcined in a box furnace at 600 C for one hour. X-ray
diffraction analysis was performed on the resulting powder. As shown in  Fi;
re 13, upon calcination at 600 C, the individual phases transformed into a
predominant  phase of magnesium aluminum oxide exhibiting the periclase
crystal structure similar to 15 MgO. Also present was cerium oxide, CeO2.
Example St S021erformance 'rest To evaluate the performance of the instant
invention as compared to that of the prior  an, a test was performed in which
a 75 mg sample of each of the products as prepared in 20 Examples 3-6 was
introduced ton fixed fluid bed reactor containing 5 g of a clay-containing
microsphere based inert material. The reactor was heated to 700 C and allowed
to  equilibrate, after which a S02-containing gas was introduced into the
reactor. The  approximate composition of the test gas was 199$ ppm SO2, 1 %
02, and 4.96% CO2 in each case. The flow-rate through the reactor was
maintained at 130 cc/minute. The exit of the  25 reactor was continuously
monitored for SO2 during the 24-hour test period. The SO- values  and the
total S02 pickup as calculated by integrating the SO2 pickup during the
entire 24-hour  test period are set forth in Table I below. Table I. SO,
Performance Test Results lixample r Description S02 at 1000 see 24 ]rr
Sorption  m (ppnmhrs)  3 4 05 Mg to Al 395 2423 4 - 0.8 Rog to Al _]__2 08
2482  5 I 3.0 Mg to Al 64 5022  L 6 Hydrated sample of Example 5' 125 4700
-22 VA '0 2nu5ui,n5t9 PCfltS2ls)4fll3'P06  C 7 4.0 Mg to Al 64~ 5424 



'For example 6, an additional quantity of material was introduced into the
test reactor to obtain a  sorhont concentration comparable to that of Example
5. The results of the performance test show that the SO2 pickup and overall
pickup  5 capacity are much greater for Examples 5 and 7 according to the
present invention as  compared with either spinel or hydrotalcite derived
compositions. The performance of the mixed metal oxide of Examples 5 and 7
are found to have  nearly twice the sorption capacity as those based on the
spinal of Examples 3 and 4.  Compounds ofthe present invention are
accordingly very useful to refiners which are 10 required to control SO 2
levels with a minimum amount of SOx-absorbing additive.  Additionally, the
initial rate of SOI pickup is significantly greater than prior art
compositions  as indicated by the SO2 level remaining at a low level of 64
ppm after 1000 seconds of the  test as coeupared with 125 ppm for the
collapsed hydrotalcite-like compound and 20S-395  ppm for the compositions
containing a predominance of spinet Rapid pickup of SO2 is 15 particularly
useful for refiners who experience a sudden increase in SO2 levels due to a
feed  change or equipment malfunction and require rapid response from the SOx
additive.  Example 9: NOx Reduction A reactor unit is used to measure NOx
reduction. NOx emissions from the reactor 20 unit are measured as close as
practical to the beginning and at the end of the reactor unit prior  to
adding the composition of the invention to the reactor unit. The composition
of the  invention is then added. After the composition of the invention is
added, the NOx emissions  are measured as close as practical to the beginning
and at the end of the reactor unit. The  compositions of'the invention reduce
NOx ernissions from the reactor unit. 15 Example 10: CO Reduction A reactor
unit is used to measure CO reduction. CO emissions from the reactor unit  are
measured as close as practical to the beginning and at the end of the reactor
unit prior to  adding the composition of the invention to the reactor unit.
The composition of the invention 30 is then added. After the composition of
the invention is added, the CO emissions are  measured as close as practical
to the beginning and at the end of the reactor unit. The  compositions of the
invention reduce CO emissions from the reactor unit. -23 WO 2005/060519 N
T'US2004/(139706  Various modifications of the invention, in addition to
those described herein, will be apparent to one skilled in the an from the
foregoing description. Such modifications are  



understood to fall within the scope of the appended claims. -24 CLAIMS  What
is claimed is: 1. A method for reducing SOx, NOx, or CO emissions from a
fluid stream  comprising contacting the fluid stream with a material
comprising magnesium and aluminum and  having an X-ray diffraction pattern
displaying at least a reflection at a two theta peak position at  about 43
degrees and about 62 degrees, wherein the ratio of magnesium to aluminum in
the  material is from about 1:1 to about 10:1. 2. The method of claim 1,
where the material is heated prior to contacting the  compound with the fluid
stream. 3. The method of claim 1, wherein the ratio of magnesium to aluminum
is about 1:1  to about 6:1. 4. The method of claim 1, wherein the ratio of
magnesium to aluminum is about  1.5:1 to about 10:1. 5. The method of claim
4, wherein the ratio of magnesium to aluminum is about  1.5:1 to about 6:1.
6. The method of claim 5, wherein the ratio of magnesium to aluminum is about
1.8:1 to about 5:1. 7. The method of claim 6, wherein the ratio of magnesium
to aluminum is about 2:1  to about 4:1. 8. The method of claim 1, wherein the
material is a shaped body. 9. The method of claim 8, wherein the shaped body
is a dried shaped body. 10. The method of claim 8, wherein the shaped body is
a calcined shaped body. 11. The method of claim I, wherein the material
comprises magnesium in an amount  of about 40% or more by weight, calculated
as the oxide equivalent. 12. The method of claim 1, wherein the material
further comprises at least one  metallic oxidant. 13. The method of claim 12,
wherein the metal in the metallic oxidant is antimony,  bismuth, cadmium,
cerium, chromium, cobalt, copper, dysoprosium, erbium, europium,  gadolinium,
germanium, gold, holmium, iridium, iron, lanthanum, lead, manganese, -25
molybdenum, neodymium, nickel, niobium, osmium, palladium, platinum,
praseodymium,  promethium, rhenium, rhodium, ruthenium, samarium, scandium,
selenium, silicon, silver,  



sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium,
vanadium, ytterbium,  yttrium, zinc, or a mixture of two or more thereof. 14.
The method of claim 1, wherein the material further comprises a support. 15.
The method of claim 14, wherein the support comprises a spinel, hydrotalcite
like  compound, magnesium acetate, magnesium nitrate, magnesium chloride,
magnesium hydroxide,  magnesium carbonate, magnesium formate, aluminum
titanate, zinc titanate, aluminum  zirconate, calcium oxide, calcium
aluminate, aluminum nitrohydrate, aluminum hydroxide  compound,
aluminum-containing metal oxide compound, aluminum chlorohydrate, titania,
zirconia, clay, clay phosphate material, zeolite, or a mixture of two or more
thereof. 16. The method of claim 14, wherein the support is zinc titanate,
zinc aluminatc, or  zinc titanate/zinc aluminate. 17. The method of claim 1,
wherein the fluid stream is a fluid stream of an FCC unit.  18. A method for
reducing SOx, NOx, or CO emissions from a fluid stream  comprising contacting
said fluid stream with a compound, wherein the compound comprises (i) a
material comprising magnesium and aluminum and having an X-ray diffraction
pattern  displaying at least a reflection at a two theta peak position at
about 43 degrees and about 62  degrees, wherein the ratio of magnesium to
aluminum in the material is from about 1:1 to about  10:1, and (ii) about I
wt% to about 75 wt% of a hydrotalcite like compound. 19. The method of claim
18, where the compound is heated prior to contacting the  compound with the
fluid stream. 20. The method of claim 18, wherein the ratio of magnesium to
aluminum is about  1: 1 to about 6: 1. 21. The method of claim 18, wherein
the ratio of magnesium to aluminum is about  1.5:1 to about 10:1. 22. The
method of claim 21, wherein the ratio of magnesium to aluminum is about
1.5:1 to about 6:1. 23. The method of claim 22, wherein the ratio of
magnesium to aluminum is about  l .8:1 to about 5:1. 24. The method of claim
23, wherein the ratio of magnesium to aluminum is about  -26 2:1 to about
4:1. 25. The method of claim 18, wherein the compound is a shaped body. 26.
The method of claim 25, wherein the shaped body is a dried shaped body.  27.
The method of claim 25, wherein the shaped body is a calcined shaped body. 



28. The method of claim 18, wherein the material comprises magnesium in an
amount  of about 40% or more by weight, calculated as the oxide equivalent.
29. The method of claim 18, wherein the compound comprises (i) about 99 wt%
to  about 50 wt% of a material comprising magnesium and aluminum and having
an X-ray  diffraction pattern displaying at least a reflection at a two theta
peak position at about 43 degrees  and about 62 degrees, wherein the ratio of
magnesium to aluminum in the material is from about  1:1 to about 10:1, and
(ii) about I wt% to about 50 wt% of a hydrotalcite like compound. 30. The
method of claim 29, wherein the ratio of magnesium to aluminum in the
material is from about 1:1 to about 6:1. 31. The method of claim 29, wherein
the ratio of magnesium to aluminum in the  material I is from about 1.5:1 to
about 10:1, 32. The method of claim 31, wherein the ratio of magnesium to
aluminum in the  material is from about 1.5:1 to about 6:1. 33. The method of
claim 29, wherein the compound comprises (i) about 99 wt% to  about 75 wt% of
a material comprising magnesium and aluminum and having an X-ray  diffraction
pattern displaying at least a reflection at a two theta peak position at
about 43 degrees  and about 62 degrees, wherein the ratio of magnesium to
aluminum in the material is from about  1:1 to about 10:1, and (ii) about I
wt% to about 25 wt% of a hydrotalcite like compound. 34. The method of claim
33, wherein the ratio of magnesium to aluminum in the  material is from about
1:1 to about 6:1. 35. The method of claim 33, wherein the ratio of magnesium
to aluminum in the  material is from about 1.5:1 to about 10:1. 36. The
method of claim 35, wherein the ratio of magnesium to aluminum in the
material is from about 1.5:1 to about 6:1. 37. The method of claim 33,
wherein the compound comprises (i) about 95 wt% to  about 75 wt% of a
material comprising magnesium and aluminum and having an X-ray  diffraction
pattern displaying at least a reflection at a two theta peak position at
about 43 degrees -27 and about 62 degrees, wherein the ratio of magnesium to
aluminum in the material is from about  1:1 to about 10:1, and (ii) about 5
wt% to about 25 wt% of a hydrotalcite like compound. 38. the method of claim
37, wherein the ratio of magnesium to aluminum in the  material is from about
1:1 to about 6:1. 39. The method of claim 37, wherein the ratio of magnesium
to aluminum in the  material is from about 1.5:1 to about 10:1. 



40. The method of claim 39, wherein the ratio of magnesium to aluminum in the
material is from about 1.5:1 to about 6:1. 41. The method of claim 18,
wherein the compound further comprises at least one  metallic oxidant. 42.
The method of claim 41, wherein the metal in the metallic oxidant is
antimony,  bismuth, cadmium, cerium, chromium, cobalt, copper, dysoprosium,
erbium, europium,  gadolinium, germanium, gold, holmium, iridium, iron,
lanthanum, lead, manganese,  molybdenum, neodymium, nickel, niobium, osmium,
palladium, platinum, praseodymium,  promethium, rhenium, rhodium, ruthenium,
samarium, scandium, selenium, silicon, silver,  sulfur, tantalum, tellurium,
terbium, tin. titanium, tungsten, thulium, vanadium, ytterbium,  yttrium,
zinc, or a mixture of two or more thereof 43. The method of claim 18, wherein
the compound further comprises a support. 44. The method of claim 43, wherein
the support comprises a spinel, hydrotalcite like  compound, magnesium
acetate, magnesium nitrate, magnesium chloride, magnesium hydroxide,
magnesium carbonate, magnesium formate, aluminum titanate, zinc titanate,
aluminum  zirconate, calcium oxide, calcium aluminatc, aluminum nitrohydrate,
aluminum hydroxide  compound, aluminum-containing metal oxide compound,
aluminum chlorohydrate, titania,  zirconia, clay, clay phosphate material,
zeolite, or a mixture of two or more thereof. 45. The method of claim 44,
wherein the support is zinc titanate, zinc aluminate, or  zinc titanate/zinc
aluminate. 46. The method of claim 18, wherein the fluid stream is a fluid
stream of an FCC unit.  -28 


