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HYDROTALCI TE SULFUR OXI DE SORPTI ON FI ELD OF THE | NVENTI ON The present

i nvention relates to new hydrotalcite 5 - sorbents useful in sulfur

abat ement and novel processes. BACKGROUND OF THE | NVENTI ON | ndustry is

I acking a conposition such as fluidized bed catalyst or additive contact
solids for ecORFIEM y | O removi ng sul fur oxi des from efCS&SEHSB; om o
variety of industrial processes. Further, the industry |lacks effective and
econom cal methods for using a fluidized bed of particles to renove sul fur
oxi des fromem ssions. Synthetic hydrotal cites, known as |ayered double 15
hydr oxi des, are useful as contact solids in nunerous industrial processes.
in viewof alimted supply of naturally-occurring hydrotalcite, various
efforts have been nmade to achi eve a reasonably econom c alternative
material in the formof symYPROTALEIHE SULEDRUOKEDEYVSORBIIONS [' LDH |]. 20
Production of anal ogous crystalline materials has been fruitful, and it may
be expected that |nportant new uses for the class of hydrotaIC|te
crystalline solEId&Dy 1 Ndustrial demand. The 'hydrotalcite-Iike'
materials of Shutz @he%zééém?inventiaﬁrféiﬂég% B¥wChy&tcsta3 chaui ng very

hi gh broadness to
5 sorbents useful in sulfur abatement and novel processes.

FNVENT IO

BACKGROUND OF THE INVENTION
Industry is lacking a composition such as fluidized

bed catalyst or additive contact solids for economically
10 removing sulfur oxides from emissions from a variety of
‘industrial processes. Further, the industry lacks
effective and economical methods for using a fluidized bed
of particles to remove sulfur oxides from emissions.
Synthetic hydrotalcites, known as layered double
15 hydroxides, are useful as cecntact solids in numerous
industrial processes. In view of a limited supply of
naturally-ocecurring hydrotalcite, various efforts have been
made to achieve a2 reasonably economic alternative material
in the form of synthetic Layered Double Hydroxides ['LDH'].
20 Production of analogous crystalline materials has been
fruitful, and it may be expected that important new uses
for the class of hydrotalcite crystalline sclids will
increase industrial demand.
The ‘hydrotalcite-like® materials of Shutz et al are
25 characterized by crystals having very high broadness te¢
thickness ratios in the 50:1 to 5000:1 range. These
interesting materials have desirable mechanical and
chemical properties, which will render them useful as a
solids binders or as active chemical sites. Recent efforts
. 30 in this aspect of layer propagation have ldentified cextain



thickness ratios in the 50:1 to 5000:1 range. These interesting materials
have desirabl e nmechanical and chemical properties, which will render them
useful as a solids binders or as active chemical sites. Recent efforts 30
in this aspect of |ayer propagation have identified certain WO 97/ 48480
PCT/ US97/ 09809 5 ani oni ¢ speci es which contribute to forming the |arge
sheets of synwbewsssahydrotal cites. The mechani sm whereby t RECRUSIGRRI0D

al kanoi c acid anions direct the inportant plgte shape is not understood,
however, large plate crystals having a maxi num di mensi on of about 5 to 500
mcrons ([err]) 10 I npart excel l ent mechani cal properties. A structural
description of the class of "brucite" crystals is found in the work of
Pinnavaia et al (U S. Patent No 5,358,701, incorporated by reference).
Briefly, the netal oxide |ayers consist essentially of nagnesium 15

oxi de (MO canbbflcesosdidi tiniah! Yot b dbedbahi iy diX LaggaUPS. A
trivalent neta | de su%%gsi k‘ g §# %#ggr]gﬁerr can b I nserted
into the bruci® geﬁﬁygfafYW Y5t V@% 450 ct ARBdP %ipﬁﬁgb PREPEd net al
oxi de | ayer. thesehtowesaliansdtuaaid gmirotsaaldireer the iwpdreaateplayer or
gal lery may b%h@p@ is not understood; however, large plate crystals
having a mazgimum dimension of about 5 to 300 microns (u)
16 impart excellent mechanical properties.
& structural description of the class of "brucite®
erystals is found in the work of Pinnavaia et al (U.S.
Patent No 5,358,701, incorporated by reference). Briefly,
the metal oxide layers consist essentlally of magnesium
15 oxide (Mg0) configured structurally with octahedral hydroxy
groups. A trivalent metal oxide, such as alumina (AL.QOs),
can be inserted into the brucite crystalline lattice in the
octahedrally-coordinated metal oxide layer. In the case of
natural hydrotalcite, the carbonate layer or gallery may be
20 repléced by substitution of various acidic anicns, sulfate,
sulfite, nitric, etec.

SUMMARY OF THE INVENTION
It has been discovered that incorporation of certain

25 organic acid anicnic species can be effective in modifying
the hydrotalcite/brucite structure te result in large
crystalline sheet materials having increased sorption of
80:. Since hydrotalcite-like materials are stable in the
crystalline oxide structure and essentially reversible in

30 anion exchange up to about 400°C, stable sorbent may be

employed in moderately elevated industrial processes, such
as cold side combustion effiuent treatment of fossil fuel
buzning power plants.



20 .- repl aced by substitution of various acidic anions, sulfate, sulfite,
nitric, etc. SUMVARY OF THE | NVENTION It has been di scovered that

i ncorporation of certain 25 organi ¢ acid ani oni c species can be
effective in-nodifying the hydrotalcite/brucite structure to result in

| arge crystalline sheet materials having increased sorption of S%<err!

Si nce hydrot al ¥%3484¥% e materials are stable in the crystall i¥ffed

structure and essentially reversible in 30 3ani on exchange up to about
400[ err] C, stable sorbent may be enpl oyed in noderately el evated industri al
processes, such as cold side conbustion effluent treatnent of fossil fuel
burni ng power pl ants. WO 97/ 48480

PCT/ US97/ 09809 3 5 In a preferred enbodi nent of the invention, a
novel process of sulfur oxide sorption is provided, wherein a gas

cont ai ni gy sul fur oxhde pseferticil efBoaingitoaS Shiecdpeentine, & novedbbout

sul fur oxi do 1 RORCEHE §RcoThin rie pRgiidh 3 PEBbAIRr Cotflpeif 4700 2

solid sorbent mgsecpataining sulfur oxide is coantacted at process
temperature, from about 200°C up to about 3%50°C with a2 solid
sorbent material ¢c remove sulfur oxide from the gas. The

10 improvement comprises utilizing a solid sorbent material
cemprising at least one layered hydrotalcite sheet having a
brucite crystalline structure containing divalent and
trivalent metal oxides comprising predominantly magnesia
and alumina present in the brucite structure in molar rétio

15 cf 3:1 to 8:1 magnesia:alumina, together with a sulfur
oxide replaceable anien, the hydrotalcite sheet having a
breadth to thickness ration of 50:1 to 5008:1. The amount
ef hydrotalcite in the solid sorbent can vary from about 10
to 100 wts.

20 Sulfur oxide sorption may be enhanced by depositing on
the hydrotaleite-containing solid sorbent material an
effective amount (eg-~ 50 to 500 ppm) of oxidative metal
catalyst, such as platinum. In one embodiment the solid
sorbent material comprises at least 10 wt% hydrotaleite and

25 10 to 50 wt% of a Zn0:Ti0; sorbent mixture.

The invention alsc includes a process for reducing the
anount of S0x emissions passing through a £luidized
particle bed.

30 DETAILED DESCRIPTION OF THE INVENTION
In the following description, units are given as paxts
by weight and metric units unless otherwise indicated.




conprising at | east one |ayered hydrotalcite sheet having a brucite

« crystalline structure containing divalent and trival ent netal oxides

conpri sing predom nantly nagnesia and alum na present in the brucite
structure in nolar ratio 15 of 3:1 to 8:1 nagnesi a:al um na, together
with a sul fur oxide replaceable anion, the hydrotalcite sheet having a
breadth to tWORFé48 rati on of 50:1 to 5000:1. The anount ofPFHERIEWRI t e
in the solid sorbent can vary from about 10 t§ 100 wt % 20 Sul fur
oxi de sorption may be enhanced by depositing on the hydrotal cite-containing
solid sorbent material an effective amobunt (eg- 50 to 500 ppn) of oxidative
netal catalyst, such as platinum In one enbodi nent the solid sorbent
material conprises at |east 10 wt % hydrotal cite and 25 10 to 50 wt % of
a ZnOTierr] sorbent m xture. The invention also includes a process for
reduci ngs t he mmsohggugmm-ons Wh& Sprepdritr dmglenalbhmaﬂlm@ particle

b0, 30 o U BESCRLEN) O T LV et el U0 tig

descri ption, S I C un| s unfess
ot herwi se i ndisghethaterials to reduce the am&ssxons of sulfur compounds

from industrial processes, and metheds for preparing such

centact solids or catalysts with hydrotalcite.

1g The conversion, processing or burning of sulfur-
containing fossil fuels can result in the emission of
sulfur-containing compounds, such as H;S and S0x, to the
atmosphere. To comply with increasingly stringent
environmental regulations, materials are sought to

i5 reduce the emissions of sulfur compounds from industrial
processes. Several methods of desulfurization are
currently being used commercially. These methods include
flue gas scrubbing as well as various fixed bed, ebullating
bed, and fluid bed catalytic reaction processes. Some of

20 these processes treat the flue gas just prior to the
release of gas to the atmosphere.

Cther processes are performed upstream ¢f the emission
release in order to prevent the undesired emissicn fxom
occurring. The goal of such processes is to reduce

2% emission of sulfur-containing cempocunds intec the
atmosphere.

The inventive process reduces the amount of SOx
enissions passing through a fluidized particle bed. This
process may comprise the step of intreducing into the fluid

30 particle bed a microsphercidal catalyst having a
composition comprising at least 10 wt% of SOx-capturing
hydrotalcite-type metal oxide. Typically, this involves
sorbing or capturing 80; in the fluid particle bed
regenerator as an inorganic sulfate in a fluld eracking
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Process Applications: The present invention relates to fluidizable
catal ysts or contact solids, nmethods for using such materials to reduce the
em ssions of _sul fur conpounds fromindustrial processes, and nethods for
preparing such contact solids or catalysts with hydrotalcite. 10
The conver si onWOQ#748488si ng or burning of sulfur- containing fBEHIBEIT0RENE
can result in the em ssion of sulfur-containing conpounds, such as Herr]S
and SOx, to the atnosphere. To conply with increasingly stringent
environmental regulations, materials are sought to 15 reduce the
em ssions of sulfur conpounds fromindustrial processes. Several nethods of
desul furization are currently being used conmercially. These nethods
i nclude flue gas scrubbing as well as various fixed bed, ebullating bed,
and fluidsbed ced®dmdic epacatidh PIACASHESrofONE fiddry SOk hetisgiongesses
treat the flue gas just prior to, the relgasg,of t o tosphere.
Q her processes” ed%éﬁnf %?ﬂ%ﬁafﬁ%tifieghﬁogi?%% %#}}ln nc%g‘%%@%égoi n order to
prevent the und@agenﬁraﬁmmssn@nzékaaaedcéuritmgg;uéTMQSQOal of such processes
:itsn;gp[]g?gce 25 £Ty33E00 Al Y [YateRbhal fhdibds0TREYNASs | tHe Seldp
' of introducing into the fluid particle bed a
10 microspheroidal catalyst having a composition comprising at
least one SOx-capturing oxide and at least one inorganic

binder. Oxidation of S0, to 50; can be achieved employing

a

an oxidation promoter catalytic component in a fluid
particle bed, such as FCC regeneratox.

15 The sulfur-laden hydrotalcite crystalline sheet
material is a novel composition containing a sulfate
anienic erystal moiety having at least 5 weight percent
sulfur oxide based on sulfur-free hydrotalcite. The
captuze of S0; in the fluid particle bed regenerator as an

20 inorganic sulfate on the SOx-capturing oxide is usually
fsllowed by reducing the inorganic sulfate tc a sulfide in
a fluld particle bed reactor/stripper. Then, the sulfur
can be released as H,S upon hydrogenolysis or reduction in
the stripper. Incorporation of a minor amount of a

25 vanadium oxide component in the contact solids promotes
reduction of sulfate during regeneration of the
hydrotalcite.

The catalyst composition is desirably formed into a
£luidizable particle having an average particle size in the
30 range of about 20-300u that is useful in both comnventional
£luidized bed and ebullating bed processes. The SOx-
capturing coxide of the invention is desirably a sheet-like
hydrotaleite and/or mixed inorganic oxide additive for
catalyzing the capture and release of sulfur-containing



The-.inventive process reduces the ampunt of SOx em ssions passing through a
fluidized particle bed. This process may conprise the step of introducing
into the fluid 30 particle bed a m crospheroidal catalyst having a
conposition conprising at |least 10 wt % of SOx-capturing hydrotal cite-type
met al oxide. Typically, this involves sorbing or capturing SJerr] in the
fluid parti c¥wo9wé8r cgenerator as an inorganic sulfate in aPET/USSGAAOBCKI ng
5 catal ytic operation. In a petroleumreginery SOx em ssions are often
generated in the fluid cracking catal yst regenerator and released inits
flue gas. A typical sulfur abatenment process includes the step of

I ntroducing into the fluid particle bed a 10 m cr ospher oi dal cat al yst
havi ng a conposition conprising at | east one SOx-capturing oxide and at

| east one inorganic binder. Oxidation of SJerr] to SJerr] can be achieved
enpl oyigg an cexpdahdenipren@iMizigabahyking catadysnt providdd wedinarsi cl e

Do, SUeh 2% i, AROFRFLA AL abing, fo oo LiLAE R O oL Cl LS
ani oni ¢ crystcaltaiystt $0k caniag iansl. cathe Sinwingtibnpproeides a contact
solids or catalyst composition employed as a formed
spheroidal catalyst that reduces the emissions of sulfur

10 centaining coempounds from industrial processes.

For example, in the preferred embodiment of the
invention, the hydrotalcite captures and thereby removes
the sulfur centaining species, such as HzS or 80x that is
present in the gas stream being treated.

15 The hydrotalcite composition may include a combination
of inorganic oxides with an inorganic binder, an organic
binder, or a mixtures of an inerganic and organic binder.
Desirable inorganic oxides include a member selected from
the group consisting of oxlides er hydroxides of aluminum,

20 caleium, cobalt, copper, iron, magnesium, molybdenum,

' silicon, titanium, vanadium, zinec, tungsten, strontium,
nickel, manganese, zirconium, barium, members of the
lanthanide series and mixtures thereof.

The contact solid composition may be self-bound or may

25 include a binder component to "glue®™ the inorganic oxides
together into the desired shape, such as sphercidal
particles. Depending on the application, different binding
systems are used. For example, in more severe high
temperature applications such as £luid cracking ecatalyst

30 {ag- 700-820°C}, a hydrothermally stable inorganic binder
such as aluminum chlorohydrol or peptized alumina is used.

Effective inorganic binders include sols of aluminum
such as aluminum chlorchydrol, peptized aluminas, sols of
sliica, colloidal silicas, sols of titanium, sols of



~sul-fur oxide based on sulfur-free hydrotalcite. The capture of SJerr] in
the fluid particle bed regenerator as an 20 I norganic sulfate on the
SOx-capturing oxide is usually followed by reducing the inorganic sulfate
to asulfide in a fluid particle bed reactor/stripper. Then, the sulfur ..
can be released as Herr]S upon hydrogenol ysis or reduction | he

stri pper. | nc¥P, on of a mnor anount of a 25 vanadiﬂﬁwﬁ§w@@mm
conponent in the contract solids pronotes redéction of sulfate during
regeneration of the hydrotalcite. The catal yst conposition is desirably
fored into a fluidizable particle having an average particle size in the 30
range of about 20-300[err] that is useful in both conventional fluidized
bed and ebul  ating bed processes. The SOx- capturing oxide of the
invention is desirably a sheet-like hydrotal cite and/or m xed inorganic
oxi de addi t i veéirepnium atlans guchcasdpenianisied caledsed dtacddinfige, cont ai ni ng

65 COWDO%agimﬂté h%nééékafél%acﬁézi‘ﬂud?ﬁmbﬁ%epréﬂlgf‘ﬁé efthgersaemrth an
effective nmeans fo reducing fluid, crack i.n catgc yst SOx em ssions he

i nventi on proV@ﬁEE es ot these. Deszzab;e inorganic” binders include a
sol of aluminum, peptized alumina, a sel of silica,

colleoidal silica, a sol of titanium, a sol of zirconium, a
10 clay, and mixtures thereof.

The smectite clays are especially desirable alone or
in combination with zinc oxide/titania mintures, wvarious
inecrganic binders and smectite. In some applications, such
as a fluidized or ebullating bed, found in many flue gas

i35 desulfurization units, an organic binder such as
hydroxyprepyl methyl cellulose or polyvinyl alcohol is
used.

Other components can be added te the catalyst
composition to enhance the performance of conversion

20 catalyst in specific applications or for a specific set of
operating cenditions. An oxidation promoter such
as platinum or cerium can be added to the catalyst solids
to facilitate the oxidation of S0 to SC;, for instance in
the fluid cracking catalyst regensrator, thus ismproving the

25 overall performance of the catalyst. Desirable additicnal
components can include any aumber of activators, promoters
oxidizers, reducers, scavengers, and mixtures of these
components. These materials may enhance performance. The
solid composition preferably is prepared in the form of a

30 sphercoidal particle of about 1 to 10,000 microns diameter.

Advantageocusly, this invention is employed to reduce
emissions of sulfur compounds from a fluld cracking
catalyst (FCC] process. Particulate solids are added to
the FCC unit in the same manner as the conventional



sol'ids or catal yst conposition enployed as a fornmed spheroi dal catal yst
that reduces the em ssions of sulfur 10 cont ai ni ng conpounds from

i ndustrial processes. For exanple, in the preferred enbodi nent of the

i nvention,-the hydrotal cite captures and thereby renoves the sul fur

contai ning species, such as Herr]S or SOx that is present in the gas
strean1beina£#$$@ﬁ@d 15 The hydrotal cite conposi TCEASHHB8ENC| ude
a conbi nation of inorganic oxides with an in@rganic binder, an organic

bi nder, or a m xtures of an inorganic and organi c bi nder. Desirable

I norgani ¢ oxi des include a nenber selected fromthe group consisting of

oxi des or hydroxides of alum num 20 cal cium cobalt, copper, iron,
magnesi um nol ybdenum silicon, titanium vanadium zinc, tungsten,
strontium nickel, manganese, zirconium barium nenbers of the |anthanide
seri esdand nExecking aadedysr Teg- REY amplitk) d cdripodiyitentabyibe ’
sel f-bound o ) . N ' [ t glue’ the inorganic
oxi des toget %gérgf?/r%g% ne%eg%‘gg% s'%p%%ﬁgﬁgﬁgggn@bhteéf%%g# %%r%i cl es.

Dependi ng on™tRer&eh pritdathencrasking autayat ngisyaklanther sddbieihn For
SISl np oo gl oS e A aEfteeoly Wb
i nor gani ¢ bi Haer: dlic F48< igrﬁ’xmﬁn%ﬁ th%ﬁ BHYSh TRIEFABOR} uhea i s used.
10 catalyst additive them circulates through the fluid
' cracking catalyst unit in direct contact and along with the
fluid cracking catalyst. The quantity of fluid cracking
catalyst additive that is added and which then circulates
in the unit is sufficient to effectively reduce the
15 emissions of sulfur containing compounds from the ¥CC unit,
yet it need not be present in a proportion so large that it
deleteriously affects the operation of the cracking process
reactions. Fluid cracking catalyst additive level of
between about 0.5 and about 10 weight percent of the
20 ecirculating fluid cracking catalyst inventory is desirable.
in the coal gasification process, the flue gas or hot
gaz is passed through a fluidized or ebullating bed of
catalyst to remove sulfur compounds.
Industrial processes for sulfur oxide abatement may be
25 conducted at various temperatures. Whereas cold side flue
gas abatement may be carried out advantageously at about

200 to 400°, more elevated temperatures in the 400 to 700°%
range may be employed. FCC processes may employ the
hydrotalcite sorbents at 700 to 820°C or higher

30 temperature, as will be understocod by the skilled chemical
angineer.

Synthesis Methods: A preferred method of manufactugiﬁg



Ef fecti ve inorgani c binders include sols of alum num such as al um num

“chl orohydrol, peptized aluninas, sols of silica, colloidal silicas, sols of
titanium sols of 5 zi rconium cl ays such as bentonite, calcined
kaolinite, kaolinite, metakaolin, nmontnorillonite, chlorite, talc, and

m xtures of these. Desirable inorganic binders include a sol of al um num
pepti zed al un®B74§#88o| of silica, colloidal silica, a sol ofCTVEHMWH a
sol of zirconium a 10 clay, and m xt ur es & her eof . q
The smectite clays are especially desirable alone or in conbination with
zinc oxide/titania m xtures, various inorganic binders and snectite. In
sone applications,.such as a fluidized or ebullating bed, found in many
flue gas 15 desul furization units, an organi c binder such as

hydr oxypr opyl nethyl cellul ose or polyvinyl alcohol is used. Qher
conponenss canbydﬁaﬂkﬂniﬂaalmhe matetiyElls Gavpogi 4| shedto nerhhalegy He

pOrTOr Fance, Ol ERRUSI! 9 Hure CUPINL.SY, SREGUL GA0R) 15S AN S Tor 2

specific set %ﬁ?ratl tTons. = An oxi dafl on prom)H
pl ati num or ce i obé-ngaaearwﬁc% hexednabysreterenpe. These

materials may be synthesized from an agueous slurry of
pseudcboehmite and magnesia in the presence of Cl-Cé lower
10 monccarboxylic acid, such as acetic acid. The
coprecipitated crystalline sheet materials have a very high
breadth:thickness rxatio, eg- 50:1 to S5000:l.
The process of sulfur oxide sorption is preferably
carried out by a hydrotalcite having the following formula,
15 as synthesized:
MG1-x Alx (OH) 2 xA.mH0;
where A is a lower monocarboxylic anion,
¥ ig 0.2 to 0.4, and m is 0 ¢to 4.
Divalent Mg may be substituted in the brucite
20 erystalline structura up to 50 mol% by other divalent metal
catien, such as Ni, Cu, Zn, Co and/or Mn; and AL ion may be
substituted in the brucite crystalline structure up to 50
mol% by trivalent metal cation, such as Cr and/er Fe.
Sulfur oxide sorption may be enhanced by depesiting on
25 the hydrotaleite-containing sclid sorbent material an
effective amount (eg- 50 to 500 ppm. Pt} of ozxidative metal
catalyst, such as platinum, palladium, cerium, etc. This
is believed to permit sulfur dioxide to be oxidized to
sulfur trioxide to provide a sulfate ion in the sorbent
30 lattice as a 'gallery layer' anion.

Sulfur Oxide Sozption -
It is understood that hydrotalcite crystalline
material may have up to four moles of water bound to the




to facilitate the oxidation of SJerr] to SJerr], for instance in the
fluid cracking catal yst regenerator, thus inproving the 25 over al
performance of the catalyst. Desirable additional conponents can include
any nunber .of activators, pronoters oxidizers, reducers, scavengers, and

m xtures of these conponents. These materials may enhance performance. °
The solid co®§5748488n preferably is prepared in the form of rer@Ssossos
spheroidal particle of about 1 to 10,000 m cggns dianeter. Advantageously,
this invention is enployed to reduce em ssions of sulfur conpounds froma
fluid cracking catal yst (FCC) process. Particulate solids are added to the
FCC unit in the sane manner as the conventi onal WD 97/ 48480

PCT/ US97/ 09809 5 cracking catal yst (eg- REY zeolite). The
hydtrotal cite additive can be introduced separately or together in a

m xtureswit h idenicifaciiubs GaitinsieryUsiathey di@taddit i RRcdSaideaQ P! i shed by
a pneumatic (;t%vze%/ii%gas#t e%é 0 l%I ow,the material direct I%?i ntothe FCC
catal yst regenerat or. Frp-cant ¥atE b HeCRRRSE YBepLERt ®ul ates through
the fluid cragkngieat @bYMstU_r&utrih? Heaetlg A apehrapfoai g, Wi th the fluid
cracking catalyst. . The quantity of fluid crackin
It i1s known that natural hydrotalcite and other LDH
materials are sorbents for sulfur dioxide (80,) and sulfur
10 trioxide (S0C3), collectively - "S0.". According to
Pinnavaia et al (US Patent 5,358,701), these sulfur oxides

can replace the carbonate anion molety or other amions in
the brucite lattice in the temperature range of 100° to

400°C. A standard test method for measuring such sorption

15 characteristics is thermogravimetric analysis {Tgh) ,
wherein a test sample of the crystaliine solid material is
heated at predetermined rate to 700°C, releasing water of
hydration. A gaseous stream containing the sulfur oxide is
then contacted with the sample and welght of sorbed

20 material is measured. Regeneration of the sorbent (ie- by
reduction of sulfate to sulfite) can be effected by passing
a h@t gas, such as hydrogen over the sample.

In the following examples, variocus contact solids test

by TghA for comparing SO. sorption in a controlled heating,

28 sorption and regeneration cycle. A standard duPont TgA
unit is employed to test samples in the TgaA ramp nethod.
The sample is heated at uniform rate to 700°C with a
flowing stream of nitrogen through the sample. The
sorption cycle employs 3000 ppm. §0. in a carrier gas

30 stream containing 3 wté oxygen and balance nitrogen and
maintains the sample at predetermined temperature of 700°C
for at least 30 minutes during sulfur oxide sorption.



catal yst additive that is added and which then circulates in the unit is
sufficient to effectively reduce the 15 em ssions of sulfur containing
conpounds fromthe FCC unit, yet it need not be present in a proportion so
| arge that it deleteriously affects the operation of the cracking process
reactions. Fluid cracking catalyst additive |evel of between about 0.5 and
about 10 wei gfHOPUM8BNnt of the 20 circulating fluid cracRFHESEAy st
inventory is desirable. In the coal gasificati&h process, the flue gas or
hot gas is passed through a fluidized or ebullating bed of catalyst to
renove sul fur conmpounds. Industrial processes for sulfur oxide abatenent
may be 25 conducted at various tenperatures. Wereas cold side flue
gas abatenment nay be carried out advantageously at about 200 to 400[err]C,
nore el evated tenperatures in the 400 to 700[err] C range nay be enpl oyed.
FCC' pr oc®sses Rﬁgﬁngﬁgtéynthe quﬁnmmaﬁcbyehQMthﬂnngeatgi@Oflmwﬁﬁ@Ob@@t]C or
hi gher 30 el %ég be understood by the skilled chem ca
engi neer. Synﬁﬁ% h88s® %\preferred met hod of manufacturing WO

97/ 48480 PCT/ US97/ 09809

Example 1 -~ A mixed hydrotalcite-Pt contact solid is

teated by standard TgA methed. The sheet-type hydrotalcite

10 component {(invention) comprises LaRoche HTC powder having a
particle size range of about 4 to 90 microns (predominantly
15-40 microns), produced by the method of US Patent
5,393,329. The hydrotalcite powder is blended with equal
parts of spheroidal oxidation catalyst cemponent containing

15 550 ppm Pt on alumina substrate to provide a 50:50
admixture having average 225 ppm. Pt, based on total
samplie. SO0, sorption peaks at 17 weight percent (based con
HTC) in 35 minutes and is released slowly during

regenaration.
20

Example 2 - A comparative sample material is emploved
containing ‘DESCX’ spinel (MgAl204), a standard commercial
desulfurization solid having 225 ppm. Pt deposited thereon.

The procedure of Example 1 is repeated employing the
28 standard sample.

Example 3 - An unmedified hydrotalcite powder sample
as in Example 1 is tested for SOx sorption without Pt
catalyst.

30

Example 4 - A zinc oxide/titanium dioxide mixture
having a 1.5:1 2Zn0:Ti0; wt.ratio (35 wt%) is blended with
10 wt% hydrotalecite powder as in Example 1, 15 wt% talc and
40 wt% fine kaolin clay.



95 hydrotalcite-li ke materials having a sheet norphology is disclosed
by Shutz et al in U S Patents No. 5,399, 329 and 5, 507,980, i ncor porated
herein by reference. These materials nay be synthesized from an agueous
slurry of _pseudoboehm te and nmagnesia in the presence of Cl-C6 |ower 10
nonocar boxylic acid, such as acetic acid. The coprecipitated crystalline
sheet mat erW@I%348f8%c a very high breadth:thickness ratio, BGLAUBYAIEe0
5000: 1. The process of sulfur oxide sorptiorig s preferably carried out by a
hydrotal cite having the followi ng formula, 15 as synt hesi zed: My[err]
Alferr] (OH)[err] xAnHerr]G where Ais a |ower nonocarboxylic anion, x
is 0.2to 0.4, and mis O to 4. Divalent My may be substituted in the
brucite 20 crystalline structure up to 50 nol % by ot her dival ent netal
cation, such as Ni, Cu, Zn, Co and/or M; and Al ion may be substituted in
the brgcite crystalline structure up to 50 nol % by trivalent netal cation,
such as C and/or Fe. Sul fur oxide sqrption may be enhanced by depositing

Tabla. I

on 25 . the hydrotalcite-containi ng=s6+& sorbent material an effective
anmount (eg-.B0. tNp . S0esppdptipn of Mwtieddnlye metal cat aResultsuch as
platinum pajladigim-o381kepa £ise This 17% pick-up
2=  Spinel + Pt {WR Grace DESOX} 17% pick-up
10 3- Hydrotaleite (LaRoche HTC/ex. 1) <1% pick-up
4- Zn0:Ti0z + HYC + talc + kaolin %% pickup

Improved oxidation/sorption performance may be
 cbtained by incorporating the Bt component directly onto
15 the hydrotalcite-centaining particles. Cerium and vanadium
oxide are also suitable oxidization/reduction components.
In one aspect, this invention includes processes for
producing the hydretalcite solids. Typical metheds include

spray drying to make small (eg~ 20-300p) microsphercidal
20 particles and beading or tumbling processes toc make larger
spheroidal particles.

While the invention has been shown by particular
examples, there is no intemt to limit the inventive
concept, except as set forth in the following claims.

25



is-believed to permt sulfur dioxi be oxidi zed tg=sulfur.trigxide to
provide a sulfate ion in ( ﬁ lattice a$ THIS GHEETRHRS! BEFar|
ani on. Sul fur Oxide Sor pt ‘e ﬁmr fst ood that hydr ot REPLACED
crystalline-material may have up te T@dndlol es of wat Er—bound—to~the WO
97/ 48480 PCT/ US97/ 09809 10 5

i deal formul a™AAS4Bi ety of the crystals. Accordingly, thePEL/UEs7pos0s
signi ficant wei ght decrease when water of hydr¥ion is |ost during heating
to about 200-400[err]C. It is known that natural hydrotal cite and ot her LDH
materials are sorbents for sulfur dioxide (SO err]) and sul fur 10

trioxide (SdJerr]), collectively - "SOx". According to Pinnavaia et al (US
Pat ent 5, 358, 701), these sul fur oxides can replace the carbonate anion

noi ety or other anions in the brucite lattice in the tenperature range of
100[err]C to 400[err]C. A standard test nethod for neasuring such sorption
15 char actglpirgki.cs is thernogravinetric analysis (TgA), wherein a test

sanpl e of the<crystalline solid material is heated at predetermined rate to
700err] C, rel dasi ngnwbperpgsicess of sulfur oxide scrpticn wherein a gas

containing sulfur oxide is contacted at elevated process
temperature with a sclid sorbent material to remsve sulfur
oxide from the gas, the improvement which comprises:

&

3 solid sorbent material comprising at least cne layered
hydrotalcite crystalline sheet having a brucite
erystalline structure containing divalent and trivalent
metal oxides comprising predominantly magnesia and alumina
present in the brucite structure in molar ratio of 3:1 to

19 8:1 magnesia:alumina, together with a sulfur oxide
replaceable anion, sald hydrotalcite crystalline sheet
having a breadth to thickness ratic of 50:1 tec 5000:1.

2. The process of sulfur oxide sorption according to
15 Claim 1 wherein said solid sorbent material has deposited
thereon an effective amount of oxidative metal catalyst.

3. The process of sulfur oxide sorption accerding to
Claim 1 wherein said hydrotalcite, as synthesized, has the
290 formula:

Mgn«-g All (Oﬂ} 2"8&.%203
where A is a lower monocarbexylic anion,
x is 0.2 to 0.4, and m is © to 4.

25 4. The process of sulfur oxide scrption acecording to
. Claim 1 wherein Mg is substituted in the brueite
crystalline structure up to 50 mol% of the Mg by divalent
metal cation; wherein A is acetate ion; and wherein Al is




~hydration. A gaseous stream containing—the sul fur oxi

de is then contacted

Wi th the sanple and wei 3 clor 20 mat er i aly—-s—meast R
Regenerati on of the ,ﬁ*;yjlf of suISfm% :@;‘ ! ¢an be
effected by passing a h8t fast such s hydrogen over t he 8&REAUEY 1o rhe
fol |l ow ng exanpl es, various contact solids test by for conparing SOx,
sorption | N"WQsE¥s®Bol | ed heating, 25 sorption and regeREFH ?Wﬂ@@ycl e.

A standard duPont TgA unit is enployed to teidt sanples in the TgA ranp
met hod. The sanple is heated at uniformrate to 700[err]Cwith a flow ng
stream of nitrogen through the sanple. The sorption cycle enploys 3000

ppm SJerr] in a carrier gas 30 stream contai ning 3 wt % oxygen and
bal ance nitrogen and aintains the sanple at predeterm ned tenperature of
700[err]C for at least 30 mnutes during sul fur oxide sorption. 5

Regener at i ozpubstpentednbd the botuchydr ogestghis el atragtuserug e $anpl e at
650[ err] C 3 ) dg,ot 1{ex ontact solid is tested by
FAT RS Erint e B BOEE Bafls Safeel®

standard Tg eet-type hy e 10 conmponent
(i nvention) conprises LaRoche HTC powder having a particle size range of

about 4 to %) M ghoRfe(PFESNY R3NLLYcking a heavy hydrocarbon feed
5 stock containing sulfur compounds, wherein a gas phase
containing sulfur oxide is contacted at process temperature

in the range of 700 to 820°C with a solid sorbent material
to remove sulfur oxide from the gas, the improvement
wherein: said solid sorbent material compriszes at least one
10 layered hydrotalcite sheet having a brucite crystalline
structure containing divalent and trivalent metal oxides
comprising predominantly magnesia and alumina present in
the brucite structure in molar ratio of 3:1 to 8:1
- magnesia:alumina, together with a sulfur oxide replaceable
15 anien, said hydrotalcite sheet having a breadth to
thickness ratio of 50:1 to 5000:1.

6. A process for sulfur dioxide abatement
comprising:
20 gontacting a gaseous body containing sulfur dioxide

at elevated process temperature with a sclid sorbent
material to remove sulfur dioxide from the gas;
sald solid sorbent material comprising at least one

layered hydrotaléite sheet having a brucite srystalline

23 structure containing divalent and trivalent metal oxides
cemprising predominantly magnesia and alumina present in
the brucite structure in molar rzatio of 3:1 to 8:1
magnesiatalumina, together with a sulfur oxide replaceable
anion, said hydrétalcite sheet having & breadth to

30 thickness ratic of 50:1 to 5000:1.




15-40 m crons), prod ne the net hod of US Patent 5
“hydrotal cite powder lm@ mmuﬂgual parts of spt
cat al yst conponent c LU 50 ppm Pt on al tui.na ST
provi de a 50: 50 adm xture haV|ng average 225 ppm Pt, based on total
sanple. SOx sorption peaks at 17 wei ght percent (based on HTCQ) in 35
mnutes and WO ¥¥48Msed sl owly during regeneration. 20 ExamBCaiss7ospps
conparative sanple material is enployed contalhing ' DESOX' spi ne

(MgAl [err]derr]), a standard conmercial desul furization solid having 225
ppm Pt deposited thereon. The procedure of Exanple 1 is repeated enpl oying
the 25 standard sanple. Exanple 3 - An unnodified hydrotal cite powder
sanple as in Exanple 1 is tested for SOx sorption without Pt catalyst. 30
Exanple 4 - A zinc oxide/titani umdi oxide m xture having a 1.5:1
ZnOTiJerr] w.ratio (35 % is blended with 10 wt % hydrotal cite powder

as in Bxanpleql, lpnitgbdddds 30cfRin§04dGulidal! 816k e
_abatement wherein the gaseous body includes a vapor phase
in the fluidized bed cracking of hydrocarbons; and

5 wherein sulfur dioxide is formed and them converted at

Sy ———|

elevated process temperature of about 700 to 820 °C, with a

solid sorbent material having an oxidation metal to convert

sulfur dioxide to sulfur trioxide, wherein the sulfur

trioxide is captured by the hydrotalcite as gallery sulfate
10 andien.

7. The process of Claim € for sulfur dioxide

abatement wherein the gaseocus body is a cocal combusticn

effluent stream; and wherein sulfur dioxide is converted te
15 sulfur trioxide with an oxidation promoter at temperature

of about 200 to 400°C.

g. The process of Claim 7 wherein the solid soxbent
material has deposited thereon an cxidatiecn metal, and
20 wherein sulfur trioxide is sorbed as sulfate anion.

8. The process of Claim 8 wherein sulfur triexide laden
hydrotaleite is regenerated by reduction of sulfate to

sulfide.
25
18. The process of Claim 6 wherein the solid sorbent
material comprises at least 10 wt$ hydrotalcite and 10 to
50 wt% of a ZnO and Ti0; mixture.
30
R
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‘Tabl e |

Ex. No.-Descripton of I\/aterlal(s)

Hydrotalcite + Pt

PCT/&@J%@W 63800 )12

Results 1-
17% pi ck-up 2- :

G ace DESOX) 7% p| ck-up 10 3- Hydrotalcite (§ : he
HTC ex. l) HBE T <1% pl CW@ RLLBCPIRL I 1::« + t al &E&FK aol i n
9% pickup | nproved oxi dat I on/ sorption ffefice nay be obtai ned by
i ncor por at | NTERSATIONSS AFFREGHTION PUBLISHER VNDERSTHE PATENE COOPERATION TREATY (PCT)
hydr ot al digifmeRoa: AOrudiddsss £5. Cef i U A leedh AR bbb NGiEbe € 2l BED 9718480
sui t abl e joxi gg@RédpD ﬁd;m%i m§orrpone1k§. I'n one aspect, this invention
i ncl udes prolgéesses fﬁg@ produci ng the hydr w)r@umwmmﬁmmpmmmmmmm
i ncl ude gpray drying to nake smart (€g-—20-BOU[ErTT) mcrospﬁerm ual dU '
parti cl eq @Girgtedsssioei Mppliation Namipk:i Ng PrRISEHSNS ‘ %B GFH%HI’% LU,
particl eq, j | 51 t e ntion SEdb by o é?fﬁ?"e
IS no int M\%@ @ﬁpfm e inven{;i ve coné‘%’%ﬁ except AS " s6t forth in the
fol | owi ng clalmngé _. -

on 5' 60/020,26 20 Jume 1996 (20,0696) U{J With insernational search report.

Applicant: OONTRACT MATERIALS PROCESSING,
. IU&"US], 1922 Eemhm Avenus, Bmmnm, MD 21228

(72) Investors: ALBERS, Edwjg, w,,/ 1922 Benhill Zvemne.
Baltimore, MD 21226 ({8). mmm%p %«@ ¥ It
1922 Benhill Avemae.Ba nore, MD 21226 .-

(74) Agemt: WISE, L. Geams; Suitc 101, 1364 Beverly Road,
Miclean, VA 22101-3628 (US).

Before the expivation of the time limi for amending the
clalms and to be republished in the evens of the recelps of
emendments.

(54) Title: HYBROTALCITE SULFUR OXIDE SORPTION
{57} Abetract

sosption of S0, ave provided by Ineorpora
cnal gasification.

Hydrotalcite-like meaterials ave stable in the crystalline oxide struchwe and cssentislly reversible in anicn sxchange. A novel process

of sulfur oxide sorplion s provided utilizing thess hydrotalcite materials ez contsct solids. Largs crystalline shest materisls having incrensed |
poration of cenaln eeganic scid anlonic species to madify the hydroteleiterbrucits structure. Typleal

industrial epplicstions include sulfer resnovel from Suid catallyst cracking process, cold-slde combustion ges sulfur ebatement and clesner




A30b140 —)
CLAMS:: 1. A process—ef—sutfur oxide sorption wherein
sulfur oxidé is conta Ievat ed process tenperat REFE&@EMEMN%@ j\.’?osfi
sor bent nat “‘“ | : g‘“ | east one layerg¢ h drotal ci t P
crystalline i3 i s gNg= a brucite 1._grystal l'ine t u@t@riett 4898 aj n ng
divalent and *trivalent netal oxides conprising predgminant!y magnes !

and al um na prentin the brucite structure in nmolar fatio of 3:1 to"
magnesi a: al um nas8dggst her with a sul fur 10 oxid

the hydrotalcitg cry%at;i:baéséhwt ém/f@zg axaaéa@drdt@ommraﬂo of

50:1 to 5000:1. 2. gcess 0 n rein
effective armuﬁ?‘ (ﬁont(% fﬁ?‘ﬁa‘?"l@%t %ﬁygpngﬁgt?é at @l%f ted on
the solid sorbeptrcamiser i abmp8ratueprwitdss saceolddngsdrbehai matlemialcl aim

2, uherein Uhe Byl e UES | heake gy M Seledl Sty s@idlar) XA

nH[err]O 20 a | ower ‘nonocar bo I'C ani o
0.4, andmis OC@WStaMlne Asyhe@(tess dectimgl n@ t dwichite 3 cmy@@hmg is

substituted up @ Qe le’ BnRadhYAkenhi PRI 8he C8@N trivalent metal

oxides comprising predominantly magnesia and alumina

present in the brucite structure in molar ratio of
3:1 tc 8:1 magnesia:alumina, together with a sulfur

10 oxide replaceable anion, the hydrotalcite crystalline
sheet having a breadth to thickness ratio c¢f 50:1 toc
5000:1.
2. A process acccording to c¢laim 1, wherein an
effective amount of oxidative metal catalyst is
15 deposited on the solid scrbent material.
3. A process according to eclaim 1 or claim 2,

wherein the hydrotalcite has the formula:
Mg, Al (OH), XA.mH,0;
20 where A is a lower monocarboxylic anion,
- % i8 0.2 to 0.4, and m is O to 4.

4. A process according to claim 3, wherein Mg is

gubstituted up to 5¢ mol% by a divalent metal cation,
25 wherein A is acetate ion and wherein Al ~is
gubstituted up to 50 mcl¥% by trivalemt Cr or Fe metal

cation.

5. A prccess according to any of claime 1 to 4,
30 wherein the sulphur oxide comprises sulphur dioxide.

6. A process according to claim 4 or claim 5,
. wherein the gas is the wvapor phase formed in the



—

25~ ;“ﬁi‘o?cet ate ion and wherein Al 4@E@WEMEW%W
to 50 - or Fe netal cation. 5. A procé 0
any of Bies + t 8 4, 30 wher ei n the sul phur oxi dejc

di oxi de. 6. A process according to claiqgp 4 or claim5§

I's the vapor phase forned in the 14 fluldized bed clra KI5

hydr ocar bons re solid, sorhent _material 1

a% oxi dati ve matﬁ%mf‘%rzec% %@Et ‘Fﬁ}a‘élfﬂ'%upfdlm RS end

sul phur trioxi dechei C@olMS scrbenthemattmlalled fuy-titea: hyiimﬂlmﬁéé t eaﬁs

gallery sulfate -| acgarding.to clal 5 whremthe gas
is a coal combus uenAtgé'rearﬁ%{/m vgrg GRS HOFHER  the
solid sorbent @mt’amﬁd an the eggsrat@r@MPMQUWKM®rmlm is
400[err]& the sqlddl sgphgntanBletha f&ﬁ%&i@% féga,d% £
pr onot er f or con.vertl hg s nﬁ% IOXI e to sllgh OXI “%[%fla ©
A process accor #H¢PR0 claim 6 or claim?7,

7. A process according to claim 5, wherein.the gas
is a coal combustion effluent stream which is
10 contacted with the solid sorbent material at a
temperature of about 200°C to 400°C, the solid sorbent

material including an oxidation promoter for
converting sulphur dioxide to sulphur trioxide.

i85 8. A process according to claim 6 or claim 7,
wherein an oxidation metal is deposited on the solid
sorbent material and wherein the sulfur trioxide is
sorbed as sulfate anicn.

20 9. A process according to claim 8, wherein the
hydrotalcite is regenerated by reduction of sulfate
to sulfide.

10. A prccess according to any one of claims 1 to

25 5, wherein the gas containing sulphur oxide is

L]

derived from the cracking of a heavy hydrocarbon feed
stock containing sulfur compounds, and wherein the
gas 1s contacted with the solid scorbent material at
process temperature in the range of 700 toc 820°C.

30

11, A prccess according to any of claims 1 to 10,
wherein the solid sorbent material comprises at least



mhqrein;aﬂﬁﬂg % E :ﬂ ﬂﬁﬂ is deposited on the solid sorbent material and
wher ei n t RESSE] Ay “de is sorbed as sulfate anion. 20 9. A

process according to claim8, wherein the hydrotalcite is regenerated by
reduction of sulfate to sulfide. 10. A ggocess according to any one of
clainms 1 to 25 5, wherein the gas containing sulphur oxide 1is
derived fromthe cracki of ~.a_heavy hydrocarbon_feed_stock containing
sul fur conpoundgl,@ aﬁﬁgmﬁgﬂ&%a@'ﬁ@t&as&‘%‘g eBnittt2Y Weth eheds & & bent
mat erial at prockiss méxpearature in the range of 700 to 820[err]C. 30 11.
A process according to any of clains 1 to 10, wherein the=salid sorbent .
mat eri al conprises at | east 10 wt % hydrotal cite and 1(HEF£@QEM>%?

ZnO and Tierr] mxture. : —

|




