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HYDROTALC!TE SULFUR OXIDE SORPTION 

FIELD Of _THE I~Nl'_;tON 

The present invention relates to new hydrotaleite 

sorbents useful in sulfur abatement and novel processes. 

~~CKGROOND OF, THE I~-~-Q~ 

Industry is lacking a composition such a~ fluidized 

b~d catalyst or additive contaet solid9 for economically 

10 r~mcnrinq sulfur oxides f.ro:m emissions from a variety of 

industrial processes. Further, the industry lacks 

effective and economical methods f©r using a fluidized bed 

of particles to remove sulfur oxides from emissions. 

Synthetic hydrotaleites, known as layered double 

15 hydroxides, ~re u9eful as contact solids in numerous 

industrial p%ocesses. In view of ~ limited supply of 

naturally~occurring hydrotalcite, various efforts have been 

made to achieve a reasonably eeononie alternative material 

in the form of synthetic Layered Double Hydroxides [YLDH']. 

20 Production of analogous crystalline materials has been 

f~uitful, @nd it may be expected that important new uses 

for the class of hydrotaleite crystalline solids will 

increase industrial demand. 

The 'hyd~otalcite~like 5 materials of Shut~ et al are 

25 charaeteriz~d by crystals havin9 v@ry hiqh broadness to 

thickness ratios in the 50:1 to 5000:1 range. These 

interesting materials have desirable meehanieal and 
chemical properties, which will render them useful as a 

solids binders or as active chemical sites. Recent efforts 

30 in this aspeet of layer propagation have identified certain 

·. 
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anionic species which contribute to f orminq the large 
sheGts of synthetic hydrotaleites. The mechanism whereby 

thase lower alkanoic acid anions direct the import~nt plate 

~h&pe is not understood; however, larqe plate crystals 

having a maximum dimension of about 5 to 500 microns (µ) 

10 impart ~xcellent mechanical properties. 

A st:~uetural description of the class of "brueite" 
crystals is found in the work of Pinnav~ia et al (U.S. 

Patent No S,358,101, incorporated by reference}. Briefly, 
th~ m~~al oxide layers consist essentially of naqnesium 

15 oxide (MqO} configured structurally with octahedral hydroxy 

groups. A trival0nt metal oxide, such a~ alumina (Al203), 

can b~ inserted into the brucite crystalline lattice in the 
octahedrally~coordinated metal oxide layer. 1n the case of 

natural hydrotalcite, the carbonate layer or gallery may be 
20 replaced by 3Ubstitution of various acidic anions, sulfate, 

~ulfite, nitric, etc~ 

SUMMAR~ .Pr ,~J!!=I~~.! 
It has been discovered that incorporation of certain 

25 organic acid anionic species can be eff~ctive in modifying 
the hydrotalcite/brucite structure to result in larqe 
crystalline sheet materials having increased sor:ption of 
SOao Since hyd~otalcite~like materials are stable in the 

crystallin~ oxide structu~e and essentially reversible in 

30 rmicn exchanqe up to about 400°C, stable sorbent may be 

employed in moderately elevated industrial procef£ses, such 
as cold side combustion effluent treatment of fossil fuel 

burning power plants. 
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In a preferred embodiment of the invention, a novel 

process of sulfur oxide soxption is provided, wherein a 

~as eontaininq sulfur oxide is contacted at process 

t01taperature, from about 2oo•c up to about 950°C with a solid 

~orbent material to remove sulfur oxide from the gas. The 
10 :lmpr.ovement comprises utiliziirnq a solid sorbent. material 

comprising at least one layered hydrotalcite sheet having a 
brucite crystalline structure containing divalent and 
triv~lent metal oxides CODnPrisinq predozinantly maqnesia 

and alumina present in the brucite structure in molar ratio 
15 ef 3:1 to 8:1 lltmqnesia:alwrlna, together with a sulfur 

oxide replaceable anion, the hydrotalcite sheet having a 
breadth to thickness ration of SO:l to 5000:1. The amount 
ot hydrotalcite in the solid sorbont can vary from about 10 
t:> 100 wt,. 

20 Sulfur oxide sorption may be enhanced by depositinq on 
the hydrotaleite~containinq solid sorbent material an 
effective amount (eq~ 50 to 500 ppm) of oxidative metal 
~~t~lyst, such a~ platinum. In one embodiment the solid 

~crbent material comprises at least 10 wt% hydrotaleite and 
25 10 to 50 wtt of a ZnO:Ti02 sorbent mixture. 

The invention also includes a process for reducinq the 
mmo~nt of Sox emissions passinq through a fluidized 
p~rticle !bed. 

30 pETAI;~ .!!,E~CRil?'TiqN or 'l!i~I~NTION 
In the following description, units are qiven as parts 

by weight and metric units unless othe:rwise indicated. 
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P,r~ess _AI?_E!,ica~i2,J!S: ~ The present invention .relates to 

fluidizable catalysts or contact solids, methods for using 

.~ueh materials to reduce the emiusions cf sul!ur compounds 

from industrial processes, and methods for preparinq sueh 

ccmtaet. solids or catalysts with hydrotalcite. 

The conversion, processing or burning of sulfur­

eontaininq fossil fuels can result in the emission of 

®ulfur=eont~ininq compounds, such ~s H2S and Sox, to the 

~tm.oHpher~. To comply with increasinqly-strin9ent 

~nvironmental regulations, matexials are sought to 

15 ~eduee th@ ~ssions of sulfur compounds from industri@l 

processes. Several methods of desulfuxization are 

currently being used commercially. These ~thods include 

f luo qaa scrubbing as well as various fixed bed, ebullating 

bed, and fluid bed catalytic reaction processes. Some of 

20 th~9e processes treat the flue gas just prior to the 

release of gas to the atmospheree 

Other processes are perfo::med upstream of the emission 

release in order to prevent the undesired emission from 

occurrinq. The goal of such processes is to reduce 

25 emission cf sulfur-containing compounds into the 

atmo3phere. 

The inventi~e process reduces the amount of SOx 

~"d.ssions passing through a fluidized particle bed. This 

process may eo•prise the step of introducing into the fluid 

30 p~rticle bed a ~erospheroidal catalyst having a 

composition conprising at least 10 wt• of sox~eapturing 
hydrotalcite~type metal oxide. Typically, this involves 

~orbing or capturing S03 in the fluid particle bed 

regenerater as an inorganic sulfate in a fluid ~racking 
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5 catalytic operation. In a petroleum xefinery sox emissions 

~re often generated in the fluid craekinq catalyst 

.r09enerator and released in its flue qas. 
A.typical sulfur abatement process includes the step 

of introducing into the fluid particle bed a 
10 mierospheroidal catalyst having a composition comprising at 

lea~t one sox~capturinq oxide and at least one inorganic 
binder. Oxidation of S02 to SOs can be achieved employing 
~n o~id~tion promoter catalytic component in a fluid 

p~rticle b~d, such as FCC reqenerator. 
15 The 9ulfur~laden hydrotalcite crystalline sheet 

material i~ a novel composition containing a sulfate 

anionic crystal moiety having at least 5 weight percent 
9Ulfur oxide based on sulfur~free hydrotalcite. The 
capture of S03 in the fluid particle bed regenerator as an 

20 inorganic sulfate on the Sox-capturing oxide is usually 
followed by reducing the inorqanic sulfate to a sulfide in 

a fluid part:icle bed reactor/stripper. Thenr the sulfur 
ean be released as H2S upon hydroqenolysis or reduction in 

the stripper. Incorporation of a minor amount of a 
25 van~dium oxide component in the contact solids promotes 

~~duction of sulfate during regeneration of the 

hydrotalcit.ea 

Th~ catalyst composition is desirably fo:maed into a 

fluidizable particle havinq an average particle size in the 

30 range of about 20-300µ t.hat is useful in both conventional 

fluidized bed and ebullatinq bed proees9ese The sox~ 

capturinq oxide of the invention is desirably a sheet~like 
hyclrotalcite and/or nixed inorganic oxide additive for 
eatalyzing the capture and release of ~ulfur~eontaining 



... 

compounds in the fluid cracking catalyst provides refiners 
with an effeetive means for reducing fluid erackinq 
cat~lyst SOx mni:1sia:ms e The invention providef! a contact 

solids ox catalyst composition employed as a formed 

sph~roidal catalyst that reduces the emissions of sulfur 
10 cont~ining compounds from industxial processes. 

For example, in the preferred embodiment of the 
inv~ntion, the hydrotalcite captures and thereby removes 

the sulfur eontaininq species, such a~ H~S or sox that is 
p~~sent in the gas stream being treated. 

l~ The hydrotalcite composition may include a combination 

of inorqanic oxides with an inorganic binder, an organic 
binder; or a mixtures of an ino%ganic and organic binde~. 
D@~irable inorganic oxides include a member selected from 
the group con~istinq of oxides or hydroxides of aluminum, 

20 ealeium, cobalt, copper, iron, maqnesium, molybdenum, 

silicon, titanium, vanadium, zinc, tunqsten, strontium, 
nick~l, manganese, zirconium, barium, members of the 
lanthanide series and mixtures thereof. 

The contact solid composition may be self~bound or mf:ly 

25 include a binder component to Hglue" the inorganic oxides 
together into t.he desired shape, such as spheroidal 

paxtieles. !Dependinq on the application, different bindinq 

~ystems ar~ used. For example, in more ~evere high 
temperature applications such ~s fluid c~ocking catalyst 

30 (~g= 1oo~s2o•c), a hydrothermally stable inorganic binder 

such as aluminum ehlorohydrol or peptized alumi~a is u~ed. 

Effective inorganic binders include 9ols of aluminum 
8Ueb as aluminum chlorohydrol, peptized aluminas, sols of 

silica, colloidal silicas, sols of titaniu.mu, scl9 of 
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zirc:mnium clays such as bentonite, calcined. kaolinite, 

kaolinite, metataolin, montmorillonite, chlorite, talc, and 

~uxtures of these. Desirable inorganic binders include a 
~cl of aluminum, peptized alumina, a sol of silica, 

eclloidal silica, a sol of titanium, a sol of zirconitma, a 
10 elay, and mixtures thereof. 

The sm.ectite clays are especially desirable alone or 
in eo!Mhination with ~inc oxide/titania mixtures, various 
inorganic binders and sm.eetite. In some applications, such 
~s ~ f luidi~ed or ebullatinq bed, found in many flue qas 

15 desulfuri~ation units, an orqanic binder such as 
hydroxypropyl methyl cellulose or polyvinyl alcohol is 

mu~d. 

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

20 c~talyst in specific applications or fer a speeif ie set of 

op~ratinq conditions. An oxid~tion promoter such 
as pl~tinum or cerium can be added to the catalyst solids 

to f~cilitate the oxidation of S02 to S03, for instance in 

th~ fluid craekin9 catalyst regenerator, thus improving the 

25 overall p~~formance of the catalyst. Desirable additional 

components can include any number of activators, promoters 

oxidi~ers, reducers, scavengers, and mixtures of these 
COO!lponents. These :mate.rials may enhance performance. The 
~olid cempo9ition preferably is prepared in the form of a 

30 ~ph~roidal particlG of about 1 to 10,000 microns diwneter. 

Advantageously, this invention is emiployed to reduce 

emi~sions of sulfur compounds from a fluid crackin; 
cmtalyst (FCC) process. Particulate solids are added to 
th~ rec unit in the same manner as the conventional 
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er~~king catalyst {eq~ REY zeolite}. The hydtrotalcite 
additiv~ can be introduced separ~tely or together in a 
mixtu~e with the crackinq catalyst. Usually the ~ddition 
i$ ~ccomplished by a pneumatic conveying system to blow the 
~teri~l directly into the FCC catalyst r~generator. The 

10 cat6lyst additive then circulates through the fluid 
eraeting catalyst unit in direct contact and along with the 
fluid crackin~ catalyst. The quantity of fluid craekinq 
cat~lyst additive that is added ~nd which then circulates 
in the unit is sufficient to effectively reduce the 

15 emi~sions of sulfur containing compounds from the FCC unit, 
y~t it need not be present in a proportion so large that it 
del~teriously affects the operation ot the cracking process 
re&etions. Fluid cracking catalyst additive level of 
b~twoen about 0.5 and about 10 weiqht percent of the 

20 circulating fluid cracking catalyst inventory is desirable. 
In the coal gasification process, the flue gas or hot 

gas is passed through a fluidized or ebullating bed of 
cataly~t to remove sulfur compounds. 

IndustKial processes for sulfur oxide abatement may be 
25 eonduet~d at various temperatures. Whereas cold side flue 

~as abatement may be caxried out advantaqeously at about 
200 to 400°C, mere elevated temperatures in the 400 to 1oouc 
rang@ IDWiy be employed. FCC processes may employ the 

hydrotalcite sorbent~ at 700 to 820°C or higher 
30 tmmp~rature, as will be understood by the skilled chemical 

~ngineer. 
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hydrotalcite-lik0 materials havinq a sheet morpholoqy is 

disclosed by Shutz et al in U.S. Patents Noe 5,399,329 and 

. S,501,980, incorporated herein by reference. These 
material5 may be synthesized from an aqueous slurry of 

pseudoboehmite and magnesia in the presence of Cl~C6 lower 

10 mcnocarboxylic acid, such as acetic acid. The 

~oprecipitated crystalline s~e0t materials have a very high 
breadth:thiclm.ess ratio, eq~ 50:1 to 5000:1. 

The process of sulfur oxide sorption is prefexably 

carried out by a hydrotalcite having the following foiom.ula, 

15 as synthesized: 

Mq1-a Ala: (OH) 1·xA.W!20; 

where A is a low~r mcnocarboxylic ~nicn, 

x is 0.2 to 0.4, and m is O to 4. 
Divalent Mg may be substituted in the brueite 

20 erystalline st~ueture up to 50 mol' by other divalent metal 

cation, such as Ni, CU, Zn, Co and/or Mn; and Al ion may be 
9ubstituted in the brueite cxystalline structure up to 50 
mol' by trivalent metal cation, such as Cr and/or Fe. 

Sulfur oxide sorption may be enhanced by depositing on 

25 th~ hydrotaleite-ccntaining solid Borbent material an 
effective amount (eq- 50 to 500 ppm. Pt~ of cxid~tive metal 

eatalyst, ~ucll as platinum, palladiWl!l, cerium, etc. This 

is b~lieved to pennit sulfur dioxide to be oxidized to 
sulfur trioxide to provide a sulfate ion in thg sorbent 

JO l&tti~e as a ~gallery layer' anion. 

Sul_f ~::_ ,Pzid~ Sa;pt~!l ~ 

It is understood that hydrotalcite cxystalline 
11.Wlterial may have up to four moles of water bound to the 
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ideal formul~ unit moiety of the crystals. Aceordinqly, 
ther~ is a significant weight decrease when water of 
hydration is lost during heating to about 200~400@c. 

It is known that natural hydrotalcite and other LDH 
materials are sorbents for sulf~r dioxide ~S02 ) and sulfur 

10 trioxide {S03), collectively = "SOx". Aecordlinq to 
Pinn~vaia et al (US Patent 5,358,701), these sulfur oxides 
c~n replace the carbonate anion moiety er other a~ions in 
the brucit~ lattice in the temperature r~nge of 100°C to 

400°C. A standard test method for m~asurinq such sorption 
15 characteristics is thexmog~avimetrie analysis {TqA), 

whe~~in ~ te~t sample of the crystalline solid material is 

heated at predete:cnined rate to 700°C, releasing w~ter of 
hydr~ticn. A gaseous stream cont~ining the sulfur oxide is 
then· contact~d with the sample and weight of so~bed 

20 mat~rial i~ met&$ured. Regeneration of the sorbent (ie~ by 
reduction of sulfate to sulfite} can be effected by pas8ing 
a hot ~as, such as hydrogen over th~ sample. 

In the following examples, v~rious contact solids test 
by TqA for comparing so. sorption in a controlled heating, 

25 so~tion and regeneration cyclee A stanchtrd duPone TqA 
unit i~ employed to test samples in the TqA ramp method. 
The sample is heated at unifo:c'I r~te to 700°C with a 
~lowinq stream of nitroqen through the s~mple. The 
sorption cycle employs 3000 ppm. S02 in a carrier qas 

30 atream containing l wtt oxygen and balance nitrogen and 
maint~ins the sample at predetermined temperature of 1oo•c 
for @t least 30 minutes during sulfur oxide sorption~ 
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S R@generation is performed by hot hydrogen qas flowing over 

the sampl0 at 650°c. 

~ample 1 - A mixed hydxotalcite~et contact solid is 
t~8ted by standard TgA method. The sheet-type hydrotalcite 

10 component (invention) comprises LaRoche HTC powder having a 
particle sil!:e ::rcange of about 4 to 90 microns {predominantly 
15~40 microns), produced by the method of US Patent 
5,399,329. The hydrotaleite powder is blended with equal 
parts of spheroidal oxidation cat~ly~t component containing 

l5 SSO ppm Pt on alumina substrate to provide a 50:50 
admixture having average 225 ppm. Pt, based on total 
~mnple. so. sorption peaks at 17 weight percent (based on 
HTC) in 33 minutes and is released slowly du~ing 
regeneration. 

~ample ~ - A eompar~tive sampl~ material is employed 
containinq 'DESOX' spinel (MgAl204), a 9tandard eommercial 
desulfurizaticn solid havinq 225 ppm. Pt deposited thereon. 
The p~ceedure of Example 1 is repeated mnployinq the 

25 st~ndard ~ample. 

30 

Ex!!J!le ~ ~ An unmodified hydrotalcite powdle:e sample 
a~ in Exanple l is tested fer Sox sorption without Pt 
c~talyst. 

~a~le 4 - A zinc oxide/titanium dioxide mixture 
having a le5:1 ZnO:Ti()z wt.ratio (35 wt') is blended with 
10 wt% hydrotalcite powder as in Example l, 15 wt% talc and 
40 wt' fine kaolin clay. 
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Table I 

. _Ex._._~o. ~pescri~t~on of ~aterial cs1 
1~ Hydrotalcite + Pt 

Spinal + Pt (WR Grace DESOX) 

Hydrot~leite (LaRoche HTC/ex. 1) 
ZnO:Ti02 + HTC + talc + kaolin 

Results 
1 7's pict~up 

11t pick~up 

<Hs pick-up 

9i1Bi pickup 

Improved oxidation/sorption p~rformance may be 

obtain~d by incorporatinq the Pt component directly onto 

15 the hydrotalcite~containinq particles. Cerium and vanadium 

oxide are also suitable oxidization/reduction components. 
In one aspect, this invention includes processes for 

producing the hydrotalcite solids. Typical methods include 

sp~ay drying to make small (eq- 20~300µ) microspheroidal 

20 p~rticles and beading or tumbling processes to make larger 

spheroidal particles. 

25 

While the invention has been ~hown by p~rticular 
~x~l@s, there is no intent to limit the inventive 
concept, except as set forth in the following claims. 
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CLAI~S:: 

THIS SHEET ~AS BEEN 
AEPlACED 

1. In the process of sulfur oxide sorption wherein a qas 

cont~ininq ~ulfur oxide is contacted at elev~ted p~ocess 
te~perature with a solid sorbent material to remove sulfur 
oxide from the gas, ·the improvement which comprises: 

5 solid sorbent material comprising at least one layered 

hydrotalcite crystalline sheet having a brucite 

crystalline structure containing divalent and trivalent 

metal oxides comprising predominantly magnesia and alumina 
p:r:@sent in the brucite structure in molar ratio of 3:1 to 

10 8:1 maqnesia:alumina, together with a sulfur oxide 

~eplaceable anion, said hydrotalcite crystalline sheet 

h&vin~ a breadth to thickness ratio of 50:1 to 5000:1. 

2. The proees~ of sulfur oxide so~ption according to 

15 Cl~im l wherein said solid sorbent material has deposited 

th6reon an effective am.aunt of oxidative metal catalyst. 

3. The process of sulfu~ oxide sorption according to 

Claim l wherein said hydrotalcite, as synthesized, has the 
20 fonnul4: 

25 4 .. 

!Mgll-• Ala ~OH} 2'xA .. mH:aO; 

where A is a lower :m.onocarboxylic anion, 

x is 0.2 to 0.4, and m is 0 to 4. 

The process of sulfur oxide sorption according to 
Claim 1 wherein Mg is substituted in th@ brucite 

crystalline structure up to 50 molt of the Mq by divalent 

met~l cation; wherein A is acetate ion; and whe;ein Al is 
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substituted in the brucite crystalline structure up to 50 

!D!\01' by trivalent Cr or Fe metal cation. 

Se In the process of cracking a heavy hydrocarbon feed 

5 stock containinq sulfur compounds, wherein a qas phase 

ecmtaininq sulfur oxide is contacted at process termperature 

in the range of 700 to 820°C with a solid sorbent material 

to remove sulfur oxide from the gas, the improvement 

wher~in: said solid sorbent material compri~es at least one 

10 layered hydrotalcite sheet having a brucite crystalline 

structure containing divalent and trivalent metal oxides 

cmuprisinq p~edeminantly magnesia and alumina present in 
the brueite structure in molar ratio of 3:1 to 8:1 

ma~ne~i~:alumin~, together with ~ sulfur oxide replaceable 

15 anicn, said hydrctalcite sheet having a breadth to 

thieiale$$ ratio of 50:1 to.5000:1. 

6. A process for sulfur dioxide abatement 
comprisinq: 

20 contacting a gaseous body eontaininq sulfur dioxide 

~t elevated process temperature with a solid sorbent 
material to remove sulfur dioxide from the qas; 

~aid solid sorhent material comprising at least one 

layer~d hydrotalcite sheet having a brueite crystalline 
25 ~truct~re containing divalent and trivalent metal oxides 

comprising predominantly maqnesia and alumine present in 
th~ b:rueite structure in molar ratio cf 3:1 to 8:1 

~gnesia:alumina, together with a sulfur oxide replaceable 
anion, ~~id hydrotalcite sheet having a breadth to 

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

.. ."' K ·."· 
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1. The process of Claim 6 for sulfur dioxide 

.~batement wherein the gaseous bedy includes & vapor phase 

in the fluidized bed cracking of hydrocarbons; and 
5 wh~rein sulfur dioxide is f cI:m.ed and them converted at 

elevated process temperature cf about 700 to 820 =c, with a 

solid sarbent material having an oxidation metal to convert 

$Ulfur dioxide to sulfur trioxide, wherein the sulfur 

trioxide is captured by the hydrotalcite as qallery sulfate 

10 anion. 

1. The process of Clain 6 for sulfur dioxide 
~h~tement wherein the gaseous body i$ a coal combustion 

~f:fluent stream; and wherein sulfur dioxide is converted to 

15 sulfur trioxide with an oxidation promoter at temperature 

of abo~t 200 to 400°c. 

8. The process of Claim 7 wherein the 9olid sorbent 

~t@rial has deposited thereon an oxidation metal, and 
20 wherein f§Ulfu:r trioxide is so.rbed. as sulfa:t~ anion~ 

25 

30 

~e The process of Claim 8 wherQi:O !'IUlfur trioxide laden 
hydrot~lcite is ~egenerated by reduction of sulfate to 

sulfide. 

10. The process of Claim 6 wber~in the solid! sorbent 

W'lt~rial comprises at least 10 wtt hydlrotalcite and 10 to 

50 wt' of a Z:nO and T:t02 mixturee 


