.e3e.{.xt6T ~s oz ' PROCESS FOR MAKI NG AND USE OF ANI ONTC CLAY MATERI ALS
BACKGROUND OF THE is invention is generally concerned with 5
met hods of maki ng mﬁmmmmmw Such clays are characterized by
crystalline structures, consi st of positively charged@s dach 202 are
separated by intersti ti aI an| ons and/ or water nol ecul es. The positively

charged | ayers are ri sed of 10 rret al hydroxi des of divalent netal
rations (e. g.) Ngm&@mj vn' ", S, NtY) Sr't, Ba't and Qu'')
andtrlvalent met al At I\/h"; Fe'', Co' , N'"" , C"" |
G , B, La and 61000002)' The interstitial anions are usually NO -,
o+) d-, &-, 151-, CO "' -, SO,'-, SI B2' -, HPG32, M04-, HGRO32' -,

HVO '-, Cl10,-) BO '') nonocarboxyl ates (e.g., acetate) and di carboxyl at es
(e. g., oxalate), alkyl sulphonates (e. g., lauryl sul phonate) and vari ous

conbi nati ons thereof. 20 Therefore, anionic clays are further subdivided
according to the identity of the atons that make up their crystalline
structures. For exanple, ani ARQFESSa¥OR|i MAKENG AND USE OF
pyroaurite-sjogrenite-hydrotal ci ARIQNEL FIdie MMd¥ERIALSoNn brucite-1ike |ayers
(wherein 25 magnesiumrations are octahedrally surrounded by hydroxyl
groups) which alternate with interstitial 25 I\/arch 2002 -2 | ayers of

wat er nol ecul es’ and/ or vari ouEa& ».c,'s“m'-'- HE C BNV I | ons). when sone of
the magnesiumin a brucite-like |la i s isonor phousl y replaced by a higher
charged cation) e.g., Ahis dneant 5 ¥esgarieng ity '+ cancexrmed| aweth gai ns

in p05|t|ve charg er ropriate.nu I inte stltlal ani ons,
such as tho3e not g“th % gr@aﬁgg%e&nf8nfgng§1ﬁ¥tsne oV 8F8I 1S X8R0 ot

el ectrically neut rcada,raerIIieehl bor ety ea Bl S tR3ehearkBathadScbhgist
concentration of Al'' increases in a Brucite-type lattice) a reduction of

the lattice paramferPegidivedy "@arqeékd@ym%ethameanm@ep@rmchm er
known, as "o" al S0y ladueed T LeOUERISD bl L hsEodp par ameker, o, s

due to the smal | er’, t;elus hfee Tharged ionssu ngf

| arger, plus .’ tvysnszftam@eqr I\/@niarganﬂaivbra highebfeBAr goongatised | #Er eased
coul onbi c forces of attraction between the positive _charged Brucite-type

| ayer and the negdtetad Jovireeides epfi ddyalepkydnafiati meptiens t éeaddecr ease
in the size of thegy u,:Jrnt egLayer, il s%{z, Nagur alNlm neélal.s ghat gxhi kit such
crystalline structures ncl u e ‘but’ by no feans ‘are limted to, pyroaurlte)
sjogrenite, hydrotamditeivalémthtmétedl cations (e.g., AL, Mn’, Fe®,

Co*, Ni*, cr*, @a'™, B, una* and G1°). The
interstitial anions are usually NO,-, OH-, Cl-, Cr-,

15 I-, c€o,*, s0.72°, sI0?, HPO,*, MnO,-, HGaoO,””, HVO,,
Cl0,-, BO,””, monocarboxylates (e.g., acetate) and
dicarboxylates (e.g., oxalate), alkyl sulphonates
(e.g., lauryl sulphonate) and various combinations
thereof.

20 Therefore, anionic clays are further subdivided

according to the identity of the atoms that make up
their crystalline structures. #For example, anionic
clays in the pyroaurite-sjogrenite-hydrotalcite
group are based upon brucite-like layers (wherein
25 magnesium cations are octahedrally surrounded by

hydroxyl groups) which alternate with interstitial



25 reevesite, eardleyite, mannaseite, barbertonite and hydrocalumte. The
-chem cal formulas for sone of the nore common synthetic forns of anionic
clays would include : [M6Fe, (OH) 16) C0, ~ 4H20, [ My6Al 2(OCH) 161 COCs
4H20, [Mg6Cr2 (OH) 16] CO03 4H20, [N o 3Q Fez (OH) 16) % Mdidh020DRi 6A12
(OH) x6J CO, 4Hz0, [Fe,Fe, (OH) 12] CO, #H0, [CazAl (OH) 6] (OH) o.,s
25 March 2002 -3 (@0,) o,l,s 2 b5Hz06] OH 6H 0, [CazAl - (OH) 6] OH 3HsO,
[Ca~Al (OH) 6] OH 2h0, [CazAl- (OH) 61 OH_ [ Ca, Al (OH) 6] CL 2H20, [Ca~Al
(OH) 6] 0. 5C0, 2 . 5H,0, [CazAl (OH) 6] O . SSO 3H=O [Ca,-Fe (OH) 6]
0. 5380, 3HO0, 5 Jayd¥s &) Hdder (Ad1ekh]1eE0, andfed, tdMbiousN ankBnk ~
(OH) 16] (-9H) z 2H, 0, [My6Alz (OH) 16.] (OH) z 4Hz0, [ (Mg, Zn,) al, (OH)
16] Q0, 4Hz0, [My6i® B (O9aubepase, iemsd. [ WeA someHpfcrheNmagnessum, O
Zn6Al , , 6] Q0,, X . 6.1 CO xH50 [.CuGAl 6] SO,
K20 and 10 | NnoA |1 GO Cut b by #hn b et PR TIO U VA RGR 8PS B L 1 o0

6. Those skilled imthigiet ahaeged | RRABEGI akegt hat pahi, ontBeg! aygeare
often referred to as "m xed netgl hydroxides." Thi's expression derives from
the 15 fact ¥hat, afsesnﬁltfédlgabd%,-lpé iR vellpveRar @adnfet ain hyBpekté¥esheet s
of anionic clays ain t al cagio ' 1f. f.eren pLdati

states (e. g., I\/gg%aan Al ") mﬁ/g?éﬁver?ﬁbeggaq}&s%ptq‘}rfg RDé)lgﬁéé?ns ?gr SO
many ani oni ¢ cl ays areryuiitial taibhat elichhes2@hbbsenatednapbvés are
Hydrotal cite, M6Al 2 (O? 16 (COQ 4HO, anionic clays also are.ver¥
comonly referred tieesed HRIrprRARY t Bhej R¥etakposRBBOUNGhied eCEFACABSY been

w dely used througr}&rq} t]_e literature for many years (see for exanple:
Pausch, "Synthesis 0 sordered 25 and Al-Rich Hydrotalcite-Like

Conpounds, "1€ ay and C gheM natairakuvel . alibdo Nkedrhes07-thdt ( 1£86) théuch
conpounds also are often referred to_ag "anionic clays." Indeed, the
expressi ons "ani oniteRaeRFratigpyRf mBlal ReFAGUesitarl BRALBEaF PR e- i ke

30 conpounds” are gf4 ound shaseley «hin . Qge | e,
in: Reichle, "Synt %est%sq%f' 2 5%‘3%53%92%52 tlh% 2%?8%?% EPgém %{érgﬁs M xed
Met al Hydroxi des, Halret'al take}p, p1Soki d Biatlattminie: pardtpt23Skidin (4986)

(at Paragraph 1, page 13?) the author states: "The_anionic clays are also

called mixed netal B'hy&reRi des $PACESEhe pddier i FREYCEIRR ged mbtbFice
O yst al | ogr ot cal I TRss R hverdi i aets on parier ReoahrEh drae, ouidd oh

or identical to thathaxgedydAdtalicinse substituting for the larger, plus

" two charged Mg** ions. This higher charge causes

increased coulombic forces of attraction between the

positive charged Brucite-type layer and the negative

20 interlayer ions - thus giving rise to a decrease in

the size of the interlayer itself.

Natural minerals that exhibit such crystalline
structures include, but by no means are limited to,
pyroaurite, sjogrenite, hydrotalcite, stichtite,

25 reevesite, eardleyite, mannaseite, barbertonite and

hydrocalumite. The chemical formulas for some of

the more common synthetic forms of anionic clays

would include: [MgFe, (OH),} CO,- 4H,0, (MgAl,-
(OH),,]1CO, " 4H,0, (Mg,Cr, (OH),,] CO,- 4H,0, [Ni,-
30 Fe, (OH) ,] €O, 4H,0, [NiAl, (OH),,] CO,-4H,0,

[Fe,Fe, (OH) ,,] CO, - #H,0, [Ca,Al (OH) ) {OH), ,¢-



10 (Mg6A1l, (OH) ,6 (CG) 4HO) ; hence they have -al so been referred to as
‘hydrotal cites or hydrotalcite-like." (enphasis added). U.S. Patent

5,399, 329 (see col.1, lines 60-63) contains the statenment: "The term
_hydrotalcite-like' is recognized in this art. It 15 is g&fjaesh @2obaised in
a manner consistent with usage herein in the conprehensive literature
survey of the above-referenced Cavani et al. article." Hence, for the

pur poses of the present patent disclosure, applicant will (unless otherw se
stated) 20 use the term"hydrotalcite-like" conpounds) with the

under st andi ng that t(kaog),t.el» . SHoolldHbeHi@ken to i ndlcagkl Af0H)RI OH CIMYS,
hydrotalcite itself as well as an%ilmenber of that class of materials

general Iy known as "{RpdtotQfile] PB: 2040 conpounds.” Mor eolfRALl2608bd Qlise of

its frequent use hergil | { gD i1l often I e
"hydrotalcite-1ike" [\%’L"ﬁl &jl%ﬁlfi egT%}é’Wr'ret hods by%?gxbasfﬁ %c%%uindm%}l’ﬁéve
been nmade are found [CafAL@mY] 0t B8O acsde ¢ el -Fa¢oBD,lwatent sioj t3H at ur e.

For exanpl e, such gﬁt hods have been revi ewed by Reichle, "Synthesis of
Anionic day® 25 MirVA 2BbAL: E0KA wbf ¢8R xed Metal Hydroxi des,

Hydrotalcite)," Soli t | O £S (. , 1 a [ ni et
al ., CATALYSI S TCDA\[/,ﬂg ﬁ’%%f)’@%ﬁ‘yg%)fg%%}e@ | %“?%32?%’&“-230@“%6'
hydrotal cite-like cdiMgiind$als g Jranst 48mmonl y udgdhbr(odugt isop- xtgohods

usual ly invol ve use of conceptrated solutions of magnesium and al um num
which are often _reac!rlﬁcﬁclw%ﬁreﬁﬂogtzhﬁFHtGhr ough us@g’@?\g(PH g FeagehPs such
as sodi um hydroxi de,cand, (8f) QUTACREF s angCaRT hemat ¢80, 18, 8uch ghgm cal
reactions produce hydrotalcité or hydtotal citeslike compolnds which are

then filteréd, washd¥nAdnd(aH)i,8d:0,ThE, 0 esiereig MThasoapoadds hévéxrbmen
used in many ways -1ggt %hei r use as hydrocarbon cracking catal ysts,
sorbents, binder 15 PePials for catal ysts and water softener agents is of

particul ar relevance to $hbse PakMedi S| QS Gard 218 Wil WIprekhaye that
HTL conmpounds wi ||l deconpose in a predictabl e manner upon heating and that,

if the heating doesthat erdeadicceladinaze kétennzkferredrtof akl ymikedussed

tenmperatures, the resulting,deconposed.xaterials can be r.ehydrated, (and,
optionally, resuppl f“Sgaémi ?ﬁd{/%?ﬁ s ani'%’rﬁ‘g, eﬁ?’é??sﬁj" il \é?g EﬁFven

of f by the hgating paecesrat andst et eHyarews Ol ik 19T iciafaka Aetal25
very simlar, HIL conpound. The deconpositjion products of such heating are
often referred to aBYdEexidpseheetsr OfnATHANAlS| £lavsy Rt afeRrEain | kwo

beyond cortai n 30 ¢ HebatafSLefif, 19 MARGATE! BB B EERL AL (815, Mot e
deconposi ti on produmgy ahdsmdfr)hydr mbpécvée- | b&eaus25thiar RRD2@APtebns
for so many anionic clays are similar to that of the
20 mineral known as Hydrotalcite, Mg.Al,(OH), (CO,) -4H,0,
anionic clays also are very commonly referred to as
“hydrotalcite-like compounds.” This term has been
widely used throughout the literature for many years
(see for example: Pausch, “Synthesis of Disoxdered
25 and Al-Rich Hydrotalcite-Like Compounds,” Clay and
Clay Minerals, Vol. 14, No. S, 507-510 (1986). Such
compounds also are often referred to as “anionic
clays.” Indeed, the expressions ‘“anionic clay,”
“mixed metal hydroxides” and ‘“hydrotalcite-like

30 compounds” are often found very closely 1linked

together. For example, in: Reichle, “Synthesis of



conpounds can no | onger be rehydrated and, hence, are no |onger capabl e of
formng the original hydrotalcite-like conpound. Such thernal deconposition
of hydrotalcite-like 5 conpounds has been carefully studied and fully
described in the -acadenic and patent literature. For exa®hgarc yE02,
“Physi co- Chem cal Properties of Synthetic Hydrotalcites in Relation to
Conposition,"” Cays and Clay Mnerals, Vol. 28, No. 1, 50-56 10 (1980),
describes the tenperature rel ationships and chem cal identity of the
thermal deconposition products of hydrotal ci4e in the face of a rising
tenperature reginme, in the followng ternms: "It is of interest to know the

form 15 in which th’é“mkfbc&]sayaf NN e RSl “@é(f%hpd@tﬁlon Hydropddes,

hydrotal cite str uct uWI ot mal at ed
at 200C for 24 hr, s cge% Cl ne E;?gb{?oog&gl n a| ? c'ch 2°20 hrllagA?flgr

cal ci nation at 300C(1.=m:&)h m:drpah:algurapa andpdye vese tdﬁa:iteﬂrbystXtag
diffraction, but after cal ¢ci nation_at 400-800C only 0_coul d be detected.
At 900C MyO. MyAl ~Q e AD4CpAGeeChAYS  ALRAD, 2350neFal iRd cdiiaed pekahasi s

added, far regasons Iﬁlﬁiﬁcﬁéﬁl aidgdd N {he epsui ti t hj t ent

di scl osure) Myata then goes on to note tha?ag"gge g*ys?ﬁ%f?%% sh%ggaas

smal l er 30 than 50 hydstetidehe st e—wasstal comgdinel dwoS00fietals s ¥al ue
was nuch smal |l er than_ that for 0 _obtained from pure OH) 2. (On

cal ci nati on above Ef%ﬂfétert% c?i?g/g%ﬂ?rﬂe s&at& s api oqﬁk’ﬁtxg-flé’3§é8hl%%185
changes of the crysg}?%?}lt v Z2& - dat bince Jadh er velbe §

t endency. Consequently, ,&ﬁasubstlitutalc%g |hn V%%%tggﬁ% tgﬁllg |b?%gcryéggl
growmh. If Al- contaeimlrigtrlvg(br S idatisthwi thowatbat 46£it hyleotdléitst form
hydrotal cite, Hydro aIC|n d at 400-800C wiith x 25 March 2002 5
10 15 _ o.28% was hb&‘éh‘ fﬁ)?zoézi hReNgRd SRy pPatRictd 8Rer B8 &R ani ned
by X-ray powder d'fféﬁé%ﬁé@"toAQﬁprﬁ9&¥bﬁéI£B§¥§36% ﬂ}ﬁ&%%%ﬂ%%%%ﬁl¥ﬁé +he
only hydrated product detected in sanples calcined at e lattice
paraneter a is the tnphassst hdded) .t he. 9r i Bhpet shrisf% 32Fhéssarrpbbsl

cal cined at 800C al o formed only hydrotalcite b their |af ararreters
are larger khan'th %Z’ 8S| gi ﬁaﬁgihﬂil eth%cc% acﬁ nlto zh €% he

nolar ratio of thi S‘Wﬁ@&%tlchﬁexllkg 233. r@&otgh@.zeah% f&«m@ AL0, dpes not
react with water under the above-menti oned conditions. Therefore, the

resul ts sugy®st thaks Adeineds amdodused Mj® whemapperot G itsk eng ced &l ned

bet ween 400 and 7Ooucsalge q’xrg')r%%%l Slnaq:queed)comprehensive literature survey

of the above-referenced Cavani et al. article.”
Hence, for the purposes of the present patent
disclosure, applicant will (unless otherwise stated)
20 use the term "hydrotalcite-iike" compound (s) with
the understanding that this term should be taken to
include anionic clays, hydrotalcite itself as well
as any member of that class of materials generally
known as “hydrotalcite-like compounds.” Moreover,
25 because of its frequent use herein, applicant will
often abbreviate the term “hydrotalcite-like” with
“HTL.”
The methods by which HTL compounds have been
made are found throughout the academic and the
30 patent literature. For example, such methods have

been reviewed by Reichle, “Synthesis of Anionic Clay



U. S. Patent 5,459,11B ("the 118 patent") 20 25 30 35 40 45 descri bes the
character of the materials that result from progressively heating
hydrotal cite-li ke conpositions (HTlc's) in a passage running fromcol. 4,
line 67 to col. 5, line 14. It reads as follows: "The natag gpharBhoZ@2s of
calcination or activation in inert gas of a HTlc is believed to be a

spinel. In the range between the tenperature at which HTl c deconposition
commences (between 572 and 752F. ) (~. ~~ b_e,_;_ween 300C an 400C) and that of
spinel formation (1652F.) (i.e., at 900C), a series of netastabl e phases

form both crystall yigeslfls an@iRBAUSMe dAET Sh/ARBxikBS, Sl&fiﬁféta@.rc‘i%e)por €
volunme, and structure depend on the tenperature of cal ci'nati on. Upon

cal cination, the-cr§elid StagesurEomicHHT22A 139%)c.om§6§edl4at ot b§60F .
(i a," 3490) wh n._wat er_ and car d romthe_ structure,
and a MyO- Al zO, sol ﬂ §I6+uteitondlo %ﬁiaﬁﬂggié %@éﬁl i sttor MR, Fhis
solid solution is sgabyg) up irp tlrfy%case( bfeh&%%aeﬁci\@élm& oRadr e
formed at about 652F . ( i the other hand, the solid

sol uti on cal & ned at‘-h¢ests>Stt‘-hamm712~I? uﬁed praducticsoowtbad\s besnedipred in
the original structur h drat " (The erl ortions of this
passage have been agag%i)%/% %?ﬁ‘nvg %n&rﬁﬁ %r&ghuﬁ)o r8fd|mlag8FF§u@orrpare
the 25 March 2002an@_aitﬁﬁlﬁhim1%1@h hiteS oEEERT EEEE el i tof RREknr 8LR¥ ANt
references wherein tenperatures are expressed in C, again such conparisons

wi Il be made in thethexugh ewss pafagsaphagof reagentmt emehi §@I osadéym( |t
m ght al so be noted i th| uo ion fr t he a ent.is a
?§§¥§% Jiat n@? gar&?& a é%? dde okt SPgFEFte

preC| se statenent era ures a certdin

deconpositiao pr odusﬁéharcﬂuéiﬁ&ﬁfll bedateiofls, pPbdide lﬁjdmtazaitefoasmtlon
taki ng place at 900C when hydrotalcite is thermally decorrposed% Thi s nore
exact know edge of RY@retedssitgrdike gempaneds cerich s pdens féftened,

deconposition of hyg %%{%undﬁi 348 P! Hrfie a%le?ﬂiéi }fﬁ.n%o%ﬁﬁﬁflsn?é@

general, 15 statenen in‘the li ure coircernin enper At ures
at which certain debesposusedn jx oduehy aweyd or-aedbie. gthes:t-atmnms
concerned with the tenperature at which spinal, MJAIsO, is formgdfroma

hydrotal cite st artlmjd’ﬁ%ﬁae?k?% ) CTRRkings F6t§%§95tsz tﬁ"&trbﬁ&ﬁ? nBtB9GEner al ,
statenents ggncerni xﬂﬂtéf‘fadlserﬂé‘?:r %%‘d%‘i?s@& Y Gl MY | U UG QLBhEL T £

thermal deconposition product spinal, MJA120,) are formed nust be
carefully interpretefl. pd%m:.mdatrplre;tewantﬂeSto metpat,eSﬁQdﬁﬁl(véuhe 615

patent”) at col. 25 6, |jnes. 36-43 nd t he stat ment: " cini t he
MyJAl hydrotal cites at tEnpetst ut® ﬁgi%lt kf“’w’f hﬁhaﬁoﬁ e c@i“@%’én‘gs n’ﬂ{?gre of

My0 and MJAl 20,, a FBESRSGIHN Al UL BALE; EPLREL | mand&t QR% HBiehdagnd0 been
reported to reduce FCC regenerator SOX em ssions (see S. Pat. S.

4,469,589 (Yoo) andtha®.72 P67 theo)heatHng a@lole\ﬂ t posf ereeddhydentetn
hydrOta|C|t90|s hoﬂg¥§{nafié¥"moﬁgn% ¥19| ;eéh@emperatures, the

resulting decomposed materials can be rehydrated
(and, optionally, resupplied with various anions,
e.g., CO,7”, that were driven off by the heating
process) and thereby reproduce the original, or a
25 very similar, HTL compound. The decomposition
products of such heating are often referred to as
“collapsed,” or “metastable,” hydrotalcite-like
compounds. If, however, these collapsed or
metastable materials are heated beyond certain
30 temperatures (e.g., 900°C), then the resulting

decomposition products of such hydrotalcite-like



35 that observed for the spinal, MJO, or m xtures of both. No evidence of
"MyA1381=0, (sic) is observed in the 25 March 2002 g regenerated
hydrotalcite indicating that the spinel is not the active conponent."”
(enphasi s added) Thus, in view of the previous, nore pre@bs®aréh 2002
descriptions of the tenperature of spinel formation (i . a. , 90 0C) in
the ~ 118 patent , i t seens that the nore general expression "tenperatures
greater than 500C' used in the 615 patent should not be taken to mnmean
sonething |i ke 501C, but rather should be 1%t aken to mean 900C, a
tenperature which ig.| " ater t:ngn_: S | d not ed
that the above-quot(?éccailjn assageg%xgcggnilze t gi?&,gg#xkgﬁgﬁgdnggﬁfhgggc S've
conponent " of the naterimd s ldemer bedpableheci6lbormiNg ntHee tdyigyip@iint
here because it is 15 consistent with applicant's hereinafter described
goal of not making BYi¥Rfalcide~like SPPPPEBAt' s heat treated, internediate
products can in fact be dydf ahedueq! abeBYARg] edbnt Or MrdRdRAILAl Giske- | | ke
conpositions. 20 A simlar generéﬁ statenent concerni spi nel” tormati on
froma hydrosal ci t ecopmmeundor hagpedeeni ncbir8fubayenstdd4hd, 2@ TFoane (at
col. 3) lines 5456) we fjnd the statenent: Above 600C. the resulting netal.
oxi de 25 mi xture bedPIRFIREL| ARerthtoarademia, rad RAESNE pdrideyature. as
well as forma cat i i Nngati pk ( SPL rp/gég A si s
added) Here again, a%%%l%é‘{rﬁi%'sﬁg a}éﬁé ogﬁﬁféﬁgtﬁg% ]izhgé)o eerfgglggp%
expressi on "Above 69phethicuHydrotaleitakeint Rebaaios dnettumpgslitient01C)
but rather should be taken to nean far enQugh above 600C to 25 March 2002

-1o form spinet - MY 0, af‘ﬁath'%}_’t&%aé@@c, Vehe t%npelat ure afOafifch
spinet forngpion fr P:[@B"”Q)hycgé)stcﬁ.]icﬂetse'éﬂekecé}@mlﬁ%eh%lg%ggngﬁiﬁsp%ﬁﬁ' sely
pinet 5 1s ytically

determ ned. This quotation also notes that “cata

i nactive". |Indeed, dmesiqdn eldemtfiitiyd gdnertdld z ethestratle nEicomabsit ibhe
tenperature of spi nei%éornati n tBat are, better interpreted to nean | ower
temperature |evel s.P ucé'fan‘bfe,hy noER&Cipgt dfy the face of a rising

temperature regime in the following terms:

"It is of interest to know the form

15 in which the Al occurs after thermal
decomposition of the hydrotalcite
structure. A sample with x = 0.287,

hydrothermally treated at 200°C for 24 hr,
was calcined at 300°-1000°C in air for 2
20 hx. After calcination at 300°C, both
hydrotalcite and MgO were detected by X-
ray diffraction, but after calcination at
400°-800°C only MgO could be detected. At
° ;Q;. and a trace of y-Al,Q,
25 were detected.” (emphasis added, for
reasons to be explained in the ensuing
portions of this patent disclosure)

Miyata then goes on to note that:

“The crystallite size was smaller

30 than 50 A when the sample was calcined
below 800C. This value was much smaller

than that for MgO obtained from pure

Mg (OH),. On calcination above 800°C, the

crystallite size rapidly increased. The

35 changes of the crystallite size and
lattice parameter a have the same

tendency. Consequently, Al substituting

in Mg0O acts to inhibit crystal growth. If
Al-containing Mg0 is reacted with water,

40 it should first form  hydrotalcite.
Hydrotalcite calcined at 400-800°C with x



10 5,114,898 (at cot. 4, lines 43-51) we find the statenent: "Reichle in J.
"Catal. 101, 3S2 to 359 (1986) has shown that this heating of hydrotalcite
was acconpani ed by an 15 increase in the surface area fromabout 120 to
about 230 mi/g (N~/BET) and a doubling of pore volunme (0.5 jmardnG@oo2/g, Hg
tntrusion). Further heating to higher tenperatures causes |owering of
surface 20 area as well as reactivity. At 1000 C' the formation of MyO and
t he spinel phase, MjJA1~04 has been observed. " (enphasis added) In this
case, applicant thinks that the 25 statenment-4At 1000C the formati on of MO
and spinet phase has been observed", is better taken to nmean: spinet is
observed at 1000C because=spi.Q80 (WapAl R¢dgatfeat nat a8 0900€0x 124t ey, t han
taken to nmean: 1000C is tardt éhperpadusts Vweremexeminédspynet-rdndeed, 30
appl i cant has by his own P ¥ itk Braatdion .coAccorddnghae Bakkmet7 begins to
fromin HTL conpounds at BORRCaFRLLSG Was &he andy R¥SrabedPratiictivhen

vari ous ani oni°c clay-for niiﬁgeql'r@q'e’di AP LA (P ES 135038 6P8rEPPE f or i ng
ingredients (e. g., nagneSram-2t53CRRMRAT 5 40 1f5 28amp as

-1lcont ai ni ng conposition %i‘hcﬁ%d ot Fhiai T TRE Cong SR =%are ni xed
under certain prescribed O d Sodk o cEELT A L oo IEIete ob

condi tions, uenperatures,z$1C. a‘g‘%ﬁl“r&&w UiepdesT HEr Ve RE RS2G hat e
materials (e. g., hydrotaighdrd | Kead@d iy Sho -Biddde exhidhd wfisld nct

catal ytic properties. Henggrismey sHEB producti Az pEosessgssar e dpased upon
tine tuning of such tine, thenpelia: uhand pHA1LRS,C doe@ndidti aracitn wditther to

obt ai n maxi num anount s ofwatey ven knddrof hyreot al cabevé +hentpiromeidpi t at e
product. Thels$l urry andJotompitiriqrisa.at e prbuemefoxe, suthei nixdsalltsheni cal
reactions al so have been $uggest eibell Ad otnters vRFPAUGt " ¥E0| aead” or
"metastabl e" hydrotal ci t eRYREXAkASS b ﬁa%lEE@CPFFEe%%t 4p9t iaad
properties. Such col | apse®®¥&t-éri 4PBPRaATES *etedkanpl e, been used as
sorbents (and especially S for id, caf, tic d fi "
hydr ocar bon cracki ng pr océgs('es;)%g%/ﬁd:rsoc%’r‘}b;bsln’ulclfgack{ ﬂégryecat éﬁ'@st?)a{%gga?yst
bi nders, ani @o exchaggeesibeeitthd efiatae teEavENgRE Smabélr 5 AabithHazereshiot

pol yners, and even as antacids intended for use in the context of hunman
medi ci ne. The prior &FPMal s@reg¥esgayetEcoghtedddnthat Brdetalsditediiéhes
such as conpounds co L QL Ng. E n added, hgi nal
hydrotal cite-form ng%ggg%?%#\% x& t}‘rlecg Sgoqtnﬁéyg\%gfgsappear n?g ftéjagll gtglhhct
phase of various sol kd pinduel Lccreedt.ed bl inech4r eatt i vasds [ €dlfiowss of
such anionic clays (e.g., mcrospheroidal particles of such

hydrotal cite-1i ke conpounds used as SOx . ,
y P “The natural products of calcination

25 or activation in inert gas of a HTlc is
believed to be a spinel. In the range
between the temperature at which HTlc
decomposition commences (between 572° and

752°F.) (i.e.. between 300°C and 400°C) and
30 that of spinel formation (1652°F.) (i.e..

at 9Q0°C), a series of metastable phases
form, both crystalline and amorphous.
Therefore, the surface area, pore volume,
and structure depend on the temperature of
35 calcination. Upon calcination, the
crystal structure of DHT-4A is decomposed
at about 660°F. (i.e,. 349°C) when water
and carbon dioxide evolved from the
structure, and a MgO-Al,0, solid solution
40 of formula 4.5 MgO-Al,0, is formed. This
solid solution 1s stable up to 1472°F.
(i.e,, 800°C) MgO and MgAl,0, are formed at

about 652°F. (i.e., 900°C). On the other
hand, the solid solution calcined at 1less
45 than 1472°F. (i.e.. 800°C) can be restored

in the original structure by hydration.”
(The underlined portions of this passage
have been added to convert °F to °C in
order to more directly compare the



25 March 2002 -12 sorbents in fluid catalytic conversion (FCC) processes)
"al so have been inpregnated with solutions of such netals. Mreover, such
netal s have even been nade a integral part of the crystalline S structure
of hydrotalcite-like materials (see, for exanple, US. Pad gfidrch dddz691
and U. S. Patent 5,114,B98 which teach use of sulfur oxi d| zi ng cataf ysts
made of | ayered doubl e hydroxide (LDH) sorbents, e.g., hydrotalcite-Ilike
materials that 10 contain netal ions (e. g., those of vanadi um that

repl ace sone or all of the divalent netals (Mgr') or trivalent netals
(Al"") that formthe layers of the LDH) . Hydrotalcite-like conpounds that
are used as 15 catal ysts al so have been bhoth heat treated and assom at ed
with various catal yst bi ncféa nﬁﬁt r‘P Fetist | EPSCrenFe evbiih eothes. Patent
4,866,019 (the 019, patent)r edieverh e%e n‘?ﬁf'drB 9 %Weté‘&\ﬁ’el’ié HESE treat ed
and used in association wi] gﬁ s o5 er af) S% ent
5,153,156 teaches a net ho gngfn@m_\g FRJUT s%&*% etF€ anionic
clay catalysts by (1) spr Igyl g a sl urry a magnesi um aI um num
synthetic clay, (2) naki nettanﬁbaeth%aeﬂer%éw%&fe @ S RHAY eﬁb@'éitfé@y
with 25 diatonmaceous earth and (3) formng, drying and cal cining the

resul ting plastici zednemxttihee. * Mife patiant ais al predise | Mew&gmfzdme hat

ani oni c cl ay naterials can e used t g eat e certajn, specifi.c m cal
reactions. For exarrpl UEESpat ‘g%%czrb% F%ﬁ%ﬁ’e’é us8YgFot f‘flarren

heat treated anioni Cd‘é'c@:)h SRt en bal §r6§u§@§abi‘§t 8eb8fibedS (Mg ch £007ex 13
converting acetone to nES|tyI oxi de and i sophorone. The anionic clays ‘are

given this cattl yti cMgG\thJ,t y forueddonng tdieing o plaqﬁeraauresoow]glwt@pr rom
about 300 to 600C. S. Pﬁtent 382 teaches a hydrocarbon converS| on

U.
process that enploys thrF&tté ﬁ%f:ecdﬁpoé?’r'w:%n SFATRYSSH ani e
wherein the anionic %B:%)étsﬁhﬁﬁieééeaoﬁuiﬂé‘rt%&%%u@e@dhegw ﬁré@ftal]rp

U. S. Patent 4,970, 191 teaches use™of polynorphic magnesi untal um num oxli de
conposi tions as cat algpestisn ofar Lbes dezoampostibligzed fr dacirarmd citeh ke
al cohol condensation, i soneri ﬁitl op,of olefins, etc. 15 U.S. Patent

iu

4,889, 615 di scl oses RI¢&Radi Bripiest alPRAY ad fteve cofiBfFsi. gfaeral,
dehydrat ed magnesi UnBlufFlehditaY HRindl Cid€the literature concerning the

temperatures at which certain decomposition products
are formed (e.g., statements concerned with the
temperature at which spinel, MgAl,0,, is formed from
a hydrotalcite starting material). That is to say
20 that many, more general, statements concerning the
temperatures at which various hydrotalcite thermal
decomposition products (e.g., spinel, Mgal,0,) are
formed must be carefully interpreted. For example,
in U.S. Patent 4,889,615 ("the ‘615 patent") at col.

25 6, lines 36-43, we find the statement:

“Calcining the Mg/Al hydrotalcites at
temperatures greater than 500° C. gives a
mixture of MgO and MgAl,0,, a magnesium
aluminate spinel, a material which has

30 been reported to reduce FCC regenerator
S0, emissions (see U.S. Pat. Nos.
4,469,589 (Yoo) and 4,472,267 (Yoo)). The

activity of the dehydrated hydrotalcite
is, however, significantly different than
35 that observed for the spinel, Mg0, or
mixtures of Dboth. No evidence of
MgAl381,0, (sic) is observed in the



U S. Patent 5,358,701 teaches the use of |ayered doubl e hydroxi de (LDH)
‘'sorbents such as 20 hydrotalcite-like materials ~as SOz sorption agents.
This reference postul ates that the sul fur-containing gas absorbs into the
hydrotalcite structure as SO,' anions by replacing the galdemna /2R Fopani ons.
The absorbed sulfur is thereafter driven off by 25 cal cination at ePevat ed
tenperatures (500C). The LDH sorbents are regenerated by hydrol yzing the
cal cined product, particularly in the presence of C, or C0,'- . US.
Patent 5,114,691 teaches renoving sul fur 30 oyxide fromgas streans using
heat ed | ayered doubl e hydroxi de (LDH) sorbents havi ng netal - contai ni ng:

25 March 2002 - 14 oxoani opegénépiped abgdrontacibe dgaldiemit@angoftidre LDH
structures. U S. Patent 4tHé5spifieledshaestcatiad yaclties acknpon&posi ti on
conprising a solid; crackileagpbashs adddedland a diluent containing a

magnesi um conpound in conbinatign wth a heat-stable nmetal conpound. U S
Patent 5,426,083 teaches ¢AVEl yfifc Vi&Y off atEs| PA5Y¥EQUEomPELE: iIRFE IS,

m crocrystal lides 10 ; f_di e i i val i
Vanadi . undsten of ety baeain of) KR pEFREER g o lid) Srmitity
hydrotal cite-like mat(@rieal ssbyoqr eparineg 118 Xpatentol IPAGNASIsuPHEE ¢akent

cation) to alum num 15 (trivalent catigon) in a nolar ratio between 1:1 and
10:1, and in a nono &&FBoBENEFaAniedPIESsdonn ThaTPerAtVaREenSTeatrBnEhAD| ar

ratio between 0.1:1 J.2:1. The process.involves reactin 1 Xture
conpri si ng magnesi umtsglqac al‘ﬂﬁ‘r?%u?ﬁ’ cg\g?ongléngaﬁﬁﬁg §§°B§Pb§9§| Q& %ﬁﬁ‘&ﬁs in
an aqueous sl ~xrry hayi t LR r q ;Qf l.eas 0 d of .at
| east 7. Generally sgéaa\%ﬁg, a g?\i}gﬁgsgﬁ?ﬁegosl gf %“%5958%%03?1‘89%? %ﬁy of
t he met hods tiaught i RakbfSeopaieant $08AC, CanYedpeedtarsuahess Weednkeed

product of 25 its chem cal synthesis reaction (slurries typically were
heat ed and/ or pressurgdeabetokhtm FO0A . “dr yIpralrctshoulgr &8 piotgtefhat

produces, 2 ol ven, HTLGTRRupd UmAn Blost e SLUILAR SRR LgaRtntg"
International Center nberthefitepid Qorpinent”| GBDthe ma@dr ML 8e4002bedS
in the '615. We note this point here because it is
15 consistent with applicant's hereinafter described
goal of not making spinel - so that applicant’s heat
treated, intermediate products can in £fact be
hydrated (or rehydrated) to form hydrotalcite-like
compositions.
20 A similar general statement concerning spinel
formation from a hydrotalcite precursor appears in

U.S. Patent 4,458,026. There (at col. 3, lines 54-

56) we find the statement:

“Above 600°C, the resulting metal oxide

25 mixture begins to sinter and lose surface

area, pore volume, as well as form a

i i i (spinel-

Mgal,0,) .” (emphasis added)

Here again, applicant is of the opinion that
30 the general expression “Above 600°C” should not be
taken to mean something 1like 601°C, but rather

should be taken to mean far enough above 600°C to



In summarizing the prior art, it mght be said that nost nmethods that have
~.been enpl oyed to produce anionic clay conpounds, and especially

hydrotal citeli ke, anionic clay conpounds, usually involve 5 precipitation
or slurry drying of a hydrotalcitelike product, ~a$hing aypmpehizocd!y,
“heat treatnent of the resulting dried slurry, or precipitated, conposition.
Once made, these HTL conpounds, or their thermal deconposition products, |0

have been enpl oyed as catalysts (e. g.) as vanadi um passi vators, SOx
additives, aldol condensation cat al yst S, Er sof teni ng agents, and even
medi ci nes). 25 March 2002 -16 SUMVARY OF T Ig | NVENTf ON Appl i cant'’ s

contribution to thisegeh hgs ng n_t ugh1560Vehateridl Rohes gl nahhes desgribed
c

net hods, whereby HTL conmpounds can be produced from conpounds 5 that 0 not
exhi bit HTL structuréesmpergtyras get ewmnhd Ispmlaél r ExRBapacher fispn buat

whi ch do exhi bit HTL_structures Lllp n be i vat eg b% t he processes of
this patent discl osuP¥IrabRt ¢ tifit °"H? cBFr B§eBeMPLEn BFEFES St hods

wher eby ani oni ¢ 10 caauénhpn&@ner@hland;utszét%al 158" biok@scommeuss nut

particular can be given certain attributes (increased hardness nsi t
etc.) that naBe suchisofpaumbis bmtltler iswictéstef'or uses where these
attributes are desirable, as sorbents for 15 va%i alS chem cal speC| es

e, d.
- but especially SOx sorb‘é’?uct%ea' an®™EspelRdl | yeVRbBse sordsdfsre 1izRg

bi nder materials) usgdaibndifis Widut ta% hydpacathen Sﬁté’é:}ﬁéls)fo%ﬁta‘é’%ﬁr
softening agents, etc. Again) those conpounds generally ‘described as

"anionic clays" in thbatit et ur bettind espeuixginered/dr bbal onaamn a&dwlalfL

ani oni ¢ clay conpoun w || ol l ective referred to as._"HTL _conpounds"
For the purposes of ERFBEHATWRR APYEFBsur ofoRmeaauRaey  (ihi Fyo1 hPECen:

invention inyglves forppiiggg of(325 Byflrotal chtgaki ke conpoysdse i1y cepkai n
novel production net hods and the use of certain forned shapes

(m cxospheroi dal paretatesentextrudates, pellets) containing those

hydr ot al cite-Li ke conpounds produced by appl i cant s pr ocessi ng 25 March

2002 -17_ t'echni ques. For exanpl e, the f
m cr ospheroi dal parti cl es, I? rH)JE sds e z iy zi‘t P}%Ea E{glsri speci fic
catalytic uses (e.g., F ta‘.itl,‘._q é so
regenerationj;ggents, etc. cpﬁ‘d!‘%e’lﬁ %h"e'TLs&ﬁmm §e9 f‘i:B!n a%b%’&t
di scl osure may constituteipgrtedf sdurevenoald’Qf ) (x,myen Gl yst
particle, pellet, extrudadeubkiregy By puxe @blamannbestbe HI6. eopounds of
this patent disclosure nejygbintrusion). Further heating to higher
temperatures causes lowering of surface
20 area as well as reactivity. At 1000° C.,
the formation of Mg0 and the gpinel phase,

MgAl,0, has _been observed.” (emphasis
added)

In this case, " applicant thinks that the
25 statement “At 1000°C the formation of MgO and spinel
phase has been observed”, 1is better taken to mean:
spinel is observed at 1000°C because spinel (MgAl,0,)
forms at 900°C - rather than taken to mean: 1000°C
is the temperature of formation of spinel. Indeed,
30 applicant has by his own experimental work confirmed
that spinel begins to from in HTL compounds at
900°C.
The prior art also has noted that when various
anionic clay-forming ingredients such as

35 hydrotalcite-forming ingredients (e.g., magnesium-



10 associated with various binder or matrix formng materials known to the
catal yst making art. |Indeed, the HTL conpounds of this patent disclosure
may be used as catal ysts per se (e. g., as hydrocarbon cracking catal ysts),
as SOX bi nding agents) or as 15 catal yst binder materials

Catal yst materials. Hence, for the purposes of this patenggapggﬁg?gggthe
term"catal yst" should be taken to nean not only those HTL conpounds t hat
have catal ytic or SOX binding activity in their own 20 right) but also

t hose HTL conpounds that are used as bindersllmatrices and/or. carriers for

other catalytically active conpounds bi nders for netallic, ,SOX

e J.
oxi dation catalysts §855?é§1§%npéﬁwgggéﬁg?g§niﬁ@dbla? MR USRI R4 R
vanadi um . These 25 apRpbbedtions) 2% ealhikedatghd:0 khec{ At dhaleiBegHTL
conpounds produced by applicant''s nmet hods can, anong ot her ways, be
characterized by thecendésisnmnce(e og nechardmtainst r exdag andimkence, pby

their ability to functign in the severe environnments, 30 agsociat%g W th
many chenical reacti GRBILTEIORS \vpr ERTBBHRLLEES AppfFCaht ' sEBFer FSSULAVESL i on

is primarily Based ugQQrfytyP St&fipidtitieVaht8PiaPsotedur e Hyotiadcgeperally
conprised of heat treating and then hydrating certain hereinafter described
5 hydrotal cite-produdikg, patexisle) cerpdundshifhts diwtistadp matedgsiomn. vy,

in sone cases, be augnented, by an_additional, but purely optional, heat
treatnent step (whi cHERABFEHEeY of eFPRA®SL 0 MABY SEHS RﬁaagﬁﬁF BaREo5epPetess) .
These heat treated couppoungsel0 nByoRe tAQWINt@hingol bapsegicor time,
"met astabl e,” HIL conpound-form ng materials. Applicant's invention has two
general enbodi ment s. t&hpefatwte eihdigtent dandd tienisodnf ordprotaciphya L
conpounds (e. .g., anionic clay 15 conpounds, hydrotalcit er. se, and
vari ous hydr&fal ci t ePAFREUE ‘%ﬂﬁﬁ%fﬂ¥ﬁoﬁﬁ¥83p%ﬁﬂ soéﬁhﬁé% a&&ﬁgﬁézéﬁ%s t he
structural characterpsbtcsidcdTHrdauipounds. The manner by which this first
enbodi ment of applicant's invention differs from20 prior art nethods for
maki ng simlar HTL conpoubl $iuxtiatandiay curecipitaitei arogmetsyathevel is
carried out using thoggtiggre i ents.and _those reaq%ion condi tions which are
|

such that they do not tl iﬂ%ﬁﬁ&Cergg 50fds % iﬁru?%geHT e??ru%?%%e,

but rather 25 produceregpp®undsot habpeshhbit vartdhsst r vebuLgposdy afger
experiencing applicant's hereinafter described activation process. Hence,

in the first 8nbodi ntRetastabhe” | nREATPBALCHEE acM3&ETXRES dettdrali nabav® t hat
t he product of appli 8.l nif] Urr ‘pr.eci pi i.on kS

reacti on does not prgggéééééco%%%ﬁﬂgh#gvﬁﬁgkghqigﬁ'pattgg%hthgéxgégg%%ably
25 March 2002 -19 remetbkesld haivef AoroaRample habeag tLved paspebrbegtedi ent
atons (e. g., those of magnesium_ al um num ox%ggn and hydrogﬁgtln t he case

of HTL conpounds) on‘fPfcespeFiaty DS ERERF Hefom fluid cat ic an
fixed hydrocarbon cracking processes), hydrocarbon
20 cracking catalysts, catalyst binders, anion

exchangers, acid residue scavengers and stabilizers
for polymers, and even as antacids intended for use
in the context of human medicine.
The prior art also has long recognized that
25 other ingredients such as compounds containing Ce,
V, Fe and Pt can be added to the original
hydrotalcite-forming reaction mixtures so they will
appear as a distinct phase of various solid products
created by such reactions. Dried forms of such
30 anionic clays (e.g., microspheroidal particles of

such hydrotalcite-like compounds wused as SO,



5 optional step in applicant's overall process. It also should be specially
noted, however, that applicant's synthesis products may wel |l i nclude

"anor phous” (non-crystalline) materials as well as non-HTL, crystalline
phases - and combinations 10 thereof. |ndeed) the term"anphks2088 used
herein could include (1) crystalline phases which have crystallite sizes
bel ow the detection limts of conventional x-ray diffraction techniques,

(2) crystalline phases which have sone significant, 15 degree of ordering,
but which lack a crystalline diffraction pat4l&+n due to dehydration or
dehydroxilization (such as in layered alum nosilicates), and (3) true

anmor phous naterial s WREERLAEY ethi bfLlus@or catadyéler degonvansiea | ofRFG0
range order, such as, _far _exanpl ilicag and .horat | as What ever

t heir physical form Pgro)g/thSFFmaéf%? S%%er p e(ﬁfls)l?n r%@?e&ﬁ?e%g?%o??ﬁé%ﬁ%esi S
reaction products maypftbeswdj Ret£0st 0 PEJvIIN Ouch OWe2a1 b eMaRcatdif e,
(i.e., "lowtenperature" may be taken to nean |ess than about 250C, for the
purposes of this pat&8endi 8élesufe) 18E¢gngl proetts 0E&f oflet heyysialdrige t he
heat treatnment. aspec i cant’ tivation.process. .Such | ow
tenperature drsyi ng 33‘%’8?@52 g’?som%iar??%lar]f@llugéef'ﬁs pays?irég St or&r?ﬁ’i ofr?rof
those powders, pelletgampeads,vex!rustedea, 5,394VBPah 2082 v29. Ppatent

m crospheroi dal spheres or granule forns of these reaction product
materials that may bé.réfuPPld Yhichesteael fe@seusefof sehiwe neidiziing as
catal ysts, sorbents, | a agept s, 2 Thi yi p | d,
however, be considergégg%géggngﬁﬁebegguééitE%dhng%&?g%dg ﬁ?ﬁ?ﬁger@&) of
the first enbodi ment sekbefpsj caglg s, | MRIHItAN cdeel-dige Ohi€etiand O tHag heat
treatnment step. This heat treatnent step involves heating 10 applicant's
synthesis red®ion pFeBLais Mmetal" dedisunie chper Bhoge" ofi Vanadjumendwagt ur e
in the range of abou t 0 Qe JFhis { { t Y.\ b
carried out for mﬁde%ﬁggggéi%aggeg%oggPd%ft?$%3%%yg%f%gﬁﬁ%n1 o#ngau%ro.l

t Q-about 24.0 hours. tthvdbest 3ae€aB850rbeat thaealtarht thkelayaysgeiertalel y be
referred to as Step 1 of applicant's overall "activation" process. It is
nore preferred, howe%BH) - t hat Step 1 be conducted at a tenperature on the

| ow-end of this 300C 850 Thi Q. g&g% [ ut, .at
sone preferred tenper aturcféi;'?%.%aagjl.c,lmf;o%)qceor&?;‘{E1 di ?%T?)éH?Et (e%perergtga(?e;asi n
this 300C t 01850C r angealgsep |lalsedhanet ebpen athotdy heat teteadteeht @andn t he

range of about 400C to about 500C are, however, highly 25 preferred. .
Tenperatures at the BPPERFIRNE o *5PpIYaEMSs SR Pipder SfcrakTix

temperatures rangi ngnhpam about ¥0p- Sxlip1dl cul £SSo R LNCIL SESINGE (el OuS
| ess desirabl e phases (hereinafter nore Tully described) may result from

heating 30 applicant"81prpauesb) disgilideesi shasabydontpltotuetean IS hgatch
2002 treated and used in association with various binder
20 materials. U.S. Patent 5,153,156 teaches a method
for making magnesium/aluminum synthetic anionic clay
catalysts by (1) spray drying a slurry of a
magnesium aluminum synthetic clay, (2) making a
plasticized mixture of the spray dried clay with
25 diatomaceous earth and (3) forming, drying and
calcining the resulting plasticized mixture.
The prior art also has long recognized that
anionic clay materials can be used to catalyze
certain specific chemical reactions. For example,

30 U.S. Patent 4,458,026 teaches use of certain heat

treated anionic clay materials as catalysts for



-21to such levels. The formation of these | ess desirabl e phases may

di m ni sh the precursor material's potential to form maxi nrum anounts of the
HTL- cont ai ni ng phases that are the object of 5 applicant's processes. These
hi gher tenperatures also are |ess preferred because they Egrmagﬁqueb?usly
tlose to the 900C tenperature at which a particularly undésirable materi al
- nanely, spinel (MJAI=0,) 10 begins to form Again) applicant regards
spinel formation as "anathena" to this process because spinel can not be
rehydrated. This is not to say however that -aBy other material, e.g., MO
that be present in such a systemat tenperatures at or above 15 900C, can
not be enpl oyed for SPBVEERIRT sAGREPdP MaiFltddamitisle jandygsiopbanens .
hydrotal cite-li ke st i QY. rj | S..CO ted.i.nto ihnel. (MJALl, 04) it
beconmes usel ess for gé%ol ?gén Cg J|:th€E‘lr}|’vos‘-‘lezge; r%llﬁ{e%gtv\rllel\r}lerfasc%& :Eilgaﬁt 'tS“’%Fgrti ng
material is convertedy2@ehbifig MiRemi toStielperayubesugehylingeffom asoap SO
sorbent agent). In any event, tenperatures of 900C or higher can be
regarded as "high tefperee B&EC.for the purpose of this patent disclosure

and they are to be 25 avojded as.fa[r a ihl e This adnonition SO IS

consi stent w %‘h t he teacht gsg's %ﬁ&eg ir 'tﬁp%s'%lt#e Fﬁﬁgbﬁfurae. WHEPCFEL?B say
that nowhere does thgohiréfsdrir € pPeeRs5ENDERAY SUSHEEd s t hat sggeghyggn be
reversi bly hydrated into any other phase at anbient 30 tenperatures. By way

of sharp contrast w €amp®$ktiamecontadming ean earteric hatayTeheveboubde such
as 25 March 2002 -22.applicant's, very deci dedl ossess the ., .,
characteristic of reﬁ?ﬁ?ng%bicl%iaé’y. s?ﬁ‘ée%/i %5 ataurgxgig‘éﬁ t°é§r,d£?§s PhBEIP%e
basi c structural buihdtegidl ock of HTL, the brucite 5 structure, M(OH),,

al so possess this "rehydratability” -e-haracteristic. It is also known
that, if thellrystal sizedd¥ sudtntedteri #.97§rd88 si §apcheant | ys¢as ¢f does
with increasingly hi ther.nal tr nt.tenmperatures), then _such |0
"reversibility" is eggg u%lllth yl Ry F%%%%ééh%% '31/m ?}lf:l!"e o8P glFé?/%? Fo

| onger forms upon rebyeiBgstn. idhirgricud hBas@meashlyigéd ORe@PPldieinéuch
expected, and in fact observed) for various HIL conpounds made by the

t eachi ngs of this pat@&nlgPhel osardensakiee, 1SCBPHIIHMMN fRunAlehtRsSas
tenperature i ncrease‘?tpeyond certain levels, an increase in a MyO-1i ke
material's crystallifée size, as well as alum na and nmagnesi um al um nate
(spinel) formation, eventwa | yatentakespbaees disiespeanta yankatlumaxtapm SOX
activity of 20 applicant's HTL conpounds, it is preferred that all the MO
in a given system r eRAFALYHE RAME LMPLCBHBE LS TRI oh FRIWA%AS eFe REEPRTIWIT h

ot her phases and thegehy; L8098/d29 6 0e M0 "inactive” e.g., inactive as a
SOX "pi ckup agent." Agai]h, t%‘ipy; isabest achi eved by not 25 using

t enper atures above Iabo'lljt B30C. .Hat"emltr.y Gaség.7he heebcheeat e preskictobf .
Step. This hydrati oniaveied areble ThrredS, G5% “aphiretn 8ude ) hei on
30 proceduregglt gengyatdtyamiical-15ke Xakerihesh@aat do,eabedt psRdEgenOE. St ep
1 wth a quantity of
This reference postulates that the sulfur-containing
gas absorbs into the hydrotalcite structure as SO,
anions by replacing the gallery C0,” anions. The
absorbed sulfur is thereafter driven off by
25 calcination at elevated temperatures (500°C). The
LDH sorbents are regenerated by hydrolyzing the
calcined product, particularly in the presence of
Co, or CO,*.
U.S. Patent 5,114,691 teaches removing sulfur

30 oxide from gas streams using heated layered double

hydroxide (LDH) sorbents having metal-containing:



25 March 2002 -23 noisture which is such that heat is evolved fromthe heat
‘treated precursor material/liquid (e. g., water) m xture. The nethod or
manner of hydration to effect applicant's Step 2 will include, but not 5
limted to such nethods as spraying, inpregnating and bl upginagecH ?oggy
case, the heat release produced by this hydration is indicative of the heat
of formation of a HTL conpound. Additionally) this heat rel ease 10
signifies the occurrence of the chem cal react4don which is presuned to be
the cause of the greatly i nproyed physical properties_of HTL conpounds
prepared by the net hGFS2B£ORA %nﬁag@%}’aﬁ%c’i%r@e g2lapsseshahi thedibt ed
here that in order tQul5-pRXEEl ze the amount of HTL conpound produced by
this hydration step, the anount of water added shoul d be substantial in
quantity (on the order of U368-50 Retght percesH, 70f9 t heedtiiespr eCatSVftic
material). Such amounts of water are required in order to fully 20 form HTL

phases al t hough | ess SRACEANH FOTRAS It 1085 FETHFL Sineht ar i@ ithat ceadliizig s a
HTL phase; sugh a phage s [E nghg hgqwe " Poin L., , ot l.] apsed
HTL phases wi bl be. peacany™(i ard QdvoUFipeht BhGalplnd o PRty

sol uti on phase). 25 Agapnundepindicogbdnat ben hydrtat | #n heatthetablebanetal

enpl oyed, the previously noted "low tenperature,” optional drying step al so
may be enpl oyed in ofF@®PORBYrender a material having a desired anount of

physical water. And, oncegagai gatgggss[@%a»gn)s fﬂ@?&@ééjr@at@%}tﬁ% ﬁﬂ%“'o%S”Ot

exceed about 250C because applicant has at tenperatdres in

March 2002 -24 excess of cohlispsag resamgodit imnpr edt ur micederpgst Ll ivarsi ous

interlayer ions, water stalljine water, or certain carhonates. |n any
°p541'o§ 2%p

clL
case, the I—I'I'L1°corrpouﬁ82“BFb Bt Ry #1cafPes Rydvatedh So%sep
W || possess a crystghhig uﬁ}ryﬁﬁ?'%ﬁeMIchn jRus . an x-ray-diffraction
y W

pattern that may) and probab reasonably resenble a | CDD "card" for
some HTL conpound that haB.8.si mBaremtr yst &l 399333 r ucterched0 | rmaskdimgy

cases this hydrated prqduct_nay again be "col] apsed” by a,second heat
treatment step whi chgﬁﬁﬁﬁ’fab‘él ar SF‘%be’él%is aS}SI iPES\éFrén%r GedErH e g )

Step 3 heat treatmengg athgH@ﬂ@fhureﬁdirmn&g frramighput BH0C 1,33 and
preferably at 400C to 15 500C) in order to renove its Interstitial water so

that the resdlsti ng ndteivalent batien) simtadnobareration heteeegudy lagngd SO

sorbent in a FCC unit. Conmpounds created by this third step _may be .used for
any of the purposes §8r?\i/\hia5ﬁntﬁlé ﬁTLm‘?:rbCfrp§ﬁﬁ o0t Tr 89ty 5? appi e s

Step 1 and Step 2 materighseARY e i5Hd. nblam ardf Dd peeneent ugl 1 poi ko of
view, the nost fundanental version of the first enbodi nent of applicant's

i nvention nmight be tRodght of The bpragess involves reacting a mixture

comprising magnesium and aluminum cations and mono
20 carboxylic anions in an aqueous slurry having a
temperature of at le.ast 40° C. and a pH of at least
7. Generally speaking, a given synthesis of a HTL
compound by any of the methods taught in these
patents was considered a success when the product of
25 its chemical synthesis reaction (slurries typically
were heated and/or pressured to form a £inal dry
product or precipitate) produces a given HTL
compound having an x-ray diffraction pattern which
reasonably resembles that of a given card in the
30 files of the International Center for Diffraction

Data (“ICDD").



25 based upon: (1) a "delay" in the production of a hydrotalcite-like
"conpound end product relative to the point at which anal ogous
hydrotal cite-li ke conpounds have been made by prior art production mnethods,
(2) heat treatnent (single stage or 30 multiple stage) ofqkhasen pobayet”
{e. g., with this "not yet" quality or state being determned by XRD 25
March 2002 -25 nethods) hydrotalcite-like materials and (3) hydration of
the these heat treated naterials to forn1hde6§éIcite-Iike conmpounds.
Stated another way, it mg id that .th Q f. appli "s 5 _initial
synt hesi s or chem cal reac?éo%ﬁgﬁéké%%? (gﬁﬁa égéglﬁﬁgh-gg gﬁgﬁ%jggt?aéﬂd
product, HTL conpoundthst pessi et HRls @hatnhhveOobaek oSl dph Hay grobatei te
as possible), but rather to nake as little of the desjired end product
conpound, (e. g., |0 *Rio@mke HRY iANPEURGEr oRBACPERGCERL oIk alritany
event, applicant's fi gener oc ma |y an

{Hﬁ{e Snfé%Pé 8?.3}’19, >Sétogu§§%815 0L QY {Lgyobye?

conbi nation of those ‘conpound trea g1 ngre Pent s

nmagnesi um cont gi ni ng EREPBITEE AV 6 beagryealrlyivg I6F anl eR@ratdlcite-

al um num cont ai ni ng conpounds having | ess reactive anions) and any of those
reaction conditions (¥kg. ) PIRENCtr eact@ BN NGl meOPHQRAIAY pH edtel s,
and anbi ent tenperat s.Jeactiop.copditi .Serve, - and

i ndeed, strive 20 toq‘l-’]gaep‘-ﬂrd(’)m %‘%e a&; esggFi n%réz%“l}trt:l%tgo%rl}% pist;%"?reryrfat et al
that does not exhi bi tphdwigitatied, | | demsddittidi.e oforidee kHie corgrged HiTat
ultimately will be exhibited by applicant's end product hgdrotalcite-like
conpound. In fact, tHEOBRBEGSsoPR S eddpsdirddadbtdfcosnosyting PrPEYEs.

chem cal reactjon st i ' i rst I1_be jr.ely
anor phous nat%éials ﬁﬁ?&%&ﬁﬁg{rﬁfgiﬁf%%t{ﬁe°§%§?§%%%g§¥' n the gg@%ﬁ'
enbodi ment of applicapisssivdaorayvents@mn, dddiieres,a hylial al ebh@ehsdteion
conpound is purposely used as the starting material, or as a 25 March
2002 -26 precursor cERASAIVELSThatWakeX o SRFLERANTa MIRYIS ci BBY| | KYen
starting materi al caqmggigggg@qsed commercially - or it can be synthesized
by use of any of the many nethods known to this art and then 5 be enpl oyed
according to the teachings of this :



patent disclosure- In either case, however, applicant's process calls for
heat treatnent of the hydrotalcite-like conpound (however obtained) to form
a "coll apsed” or "netastable" material. This |0 heat treatnent al so may be
thought of as Step 1 of this second enbodi nent of applica n.

The col | apsed or netastable material of this second enbod?%éﬁ?h?ggpﬁgﬁ
hydrated to again forma hydrotal cite-like cogpound. 'This~ hydratlon may be
|5 thought of as Step 2 of this second enmbodi iént of applicant's invention.
Appl i cant has found that this "roundabout™ nethod of producing a

hydrotal cite-1i ke conpound (froma hydrotaIC|te I|ke conmpound) is well

worth the extra effort because theSZREMAR iy IVENEION t e- | | ke conpound
will be harder and/or nore dense than the orlglnal hydrotal citelike

conpound from which the r uIt| ng,HIL co was ,na at ed, anot her
way, the starting ingredi 2%& g§ §&% &%Iéﬁﬂo&lo OL%{ fa%\rppp?%ahﬁeg

i nvention al ready wildo belacwgwdeamm Redeohak ekt eakikkes 5eAPAMRHoaEI S
may be evidenced, for exanple, by the fact that it already generally

di spl ays XRD peaks thd‘temé:'yemlf-ec?mgénés eak rksvp 19rucssFend c80phuRdag
the sanme ingre |ents nd 1y .1.n cas |s hydrotalmte i ke
conpound start é‘é‘aﬁgr ﬁghr%'gtlerlgil%L ?Fi-él f-HESP ¢ %a?ed t 3%
convert it into a "CQiéhEHﬁﬁ(i'xedorb MRS trabkRD %@H&@% ) SUCKuES whiehe do

1

described in the Myata ref erence or in the " 118 patent. The Step 2, heat
treatnent of the secE@¥ridisnti¥di rﬁémuQﬁunerﬁ sinon drrinen achiwekegorhtucted at

a single preferred t t perat ur . at two o e dlst nct
tenperatures in the é’ernc‘% |Set'5eﬁ§ &gi'g %a 0% JOSTCJT?(%% to é\ggg}.c%nb % a
first, lower tenperatiysedib@ovlredate B ﬁ&}élommasbwnaréspomomc
terrper ature heat treatnent (e.g., at 400C to 500C). Here again, however,

t enper at ur es Mt eat er aligyi§ difogienezed and tydset akei tiedl ke t eompanddin
enbodi ment of applic ess rt Jeas y

avoided in the first %%tingrlgg RFor}pexa e, | fglgﬁggggl g:/\%é rlstﬁ(}‘h‘{) esi s

conpound were hydr ot 6(|:L®1lcfr@asaﬂdhla&'dﬁéﬁerl depedr g, 9CQC. heahatr edlkEeNduch
terrperature for any significant period of tinme in the second enbodi nent of
applicant's inventi ofomPPUREs whEtL§ern Fidtege f@’rcor\\P@rSt ed’hers ntthagh nel

(MyA120,) and, thus, Jweulid,peg %&d@r%%sq%s&;gés f the Qur98§ﬁ§m§£
practicing th| S invention. re again, any drofal cité conver to %0 by
such hi gh temser at ur eardeukd, chewe«zel. spébiebe pot buti akbpeaseIly |80,

carrying out 25 functions for Ilcant s.end product materials. In arlg
case, after the hydr CZPEREE- Ilk%n‘?:oﬁﬁaﬁﬁéla%*ytﬁ?@s%eé@ﬂd SerBsaE frentan

heat treated to an exhigRb.t hateliaidkesson & "pot! apsed” nyBAAShANL"

form it can then hydrated (e.g., in a 30 water systemat 20 100C for at
| east 0.1 hours) in th@aéaa’esnaamsfamnplsg@@mmgt hgefits steemrbodi nent of

25 March 2002 Again, those compounds generally described as

20 *anionic clays” in the 1literature, and especially
hydrotalcite, and HTL anionic clay compounds, will
be collectively referred to as “HTL compounds” for
the purposes of this patent disclosure. More
specifically this invention involves formation of

25 hydrotalcite-1like compounds by certain novel
production methods and the use of certain formed
shapes (micxospheroidal particles, extrudates,
pellets) containing those hydrotalcite-like

compounds produced by applicant’s processing



-28 this invention to again forma simlar hydrotalcite.~ |ike conpound.
Again, this "hydrotalcite-like conmpound - to hydrotalcite-Ilike conpound”
production process is not a useless, redundant or 5 roundabout journey
because the hydrotal cite-1like conmpounds resulting fromt h'bg ﬁl%?c?rp%OOZ
enbodi nent of applicant's invention will, in fact, have certairn iinproved
physi cal and/or chem cal properties (e. g., greater density) attrition

resi stance, catalytic 10 activity, etc.) rel atTve to those conpar abl e
properties possessed rigi | ¢l | fr whi ch
the resulting or end %%co&di}&u%ﬁydrgggl g%?égf‘?kgé%eggrrépg%r@%ﬁqggﬂgg?lsvg%lr‘].g'A(nd as
in the case of the finiddrospheedigent ofanticelh | nyventdwd, tbetiesdddd ng
HTL conpound of this second enbodi nent can be once again heat treated (this
may be thought of as &h%p Fo3f ceRE3iBeeBael EhbHA G CatlSEEmMbR r Bt urEEC
rangi ng from about 3 ; Cin der t .aln ay rder i.al
whose | oss of 20 wat g’%%cﬁ%gltgggf hi s nge)’tond %é%?tl?}lpéat meﬁ%t%gy reSrfgc}%tréi:{ér1I<63l
resulting mateyial beldg@hesdttiod t @Qge@itisai n dtse9 .(e. 9. HefiBed S®reabsrmbent
ina FCCunit). That is to say that Step 3 can_be enployed to give the
resulting material (FOMPO¥GERn s LAty dFsSPBsURS SBaabfensiifute

conpound-form ng mat eri.al ). & o] p i r i | &t i ts hose
HTL conpounds t hat a?grﬁo%ofs[]gj&eétgga éit E?g gdglﬁt@%%ng?télg%fé télagrattl(r%étr?t'
process. The ani oni c pedieayndxtihacteanebe. pr agueay oy FHxampde the HTL
her ei ndescri bed processes w_l| nost Er eferably have_a chem cal structure:
25 March 2002 -29 (MeomRounds ooty LRLs pg PRYenty @ SCIgRiits n TAY akg N

are SALonS: 4 and nakpe3akeat S chat ghs { BInkBL %07 ndtBks bl 10

about 10, a wll have a value o , 2 Or A'1s an anion wt
-1, -2 or -3, and b wikkriabgeki®imeen theamdtlaQysar makiodl axrtpr efladeed, The
nost preferred elenents for "M in the above structure will be My, Ca, Zn,

Mi, Co, Ni, Sr. Ha, FBEafFLOFOMPPHBARDSL (tdfeMAEEnEl &iSFLOFBFe " RRY WPEI be
A, M, Fe, Co, 10 N , -3 nd . e t prefer ts
for "A" with char ge%?eﬁl?%eca%alﬁ,t%m?& 5501%412,(%%?-' 'anﬁé C]-ll{y%!:é):?B(EB'ISH
S047', 51.03-s HPO, Zerabkifig~'cathiGgérs), Y04, bioHisg aapgkrds,’' -omnds

m xtures thereof . |icant generally hgs f.oynd that HTL 15 conmpounds nade
by either of *he t\/\oAQSEﬁii’aF e??ﬂ&&ﬁ’ﬁent'%aattﬁntaﬁiss i’ﬂ%nt Ptﬁeﬁrecngﬁgk’% at
| east about 10% hardggrapdips. | OfeRBEE @@@senbhgurgegear 8kl enkifl paeaneunds
made fromthe sanme ingredients by prior art production nethods. These 20

physi cal attribute(siiselgsurefthar degss wat/adys§l estboulderis t Y3kemkes
t hose catal ysts, sorbents, catalyst binders i gn_exchange nt . g.,
REIBo1 ERRE s Bhr QPRPELTas () KB2E onbate

wat er softener agent &F2Had8%tro i ydr 6 Unds

nore attrition resistaphlgbic &y BeNCepimiigry kastivigy- @spediedkl Yoim a
fluid catalytic converter ("FCC') environnment. Applicant's resulting
conpounds al €8 have Bhghbprwer s |thope HThecrBpeRIAt R &regused &4

respect to their abijifyetg, COYIRLO SERY SRS BKriers for other
catalytically active compounds (e.g., binders for

metallic, SO, oxidation catalysts such as compounds

containing platinum, cerium and wvanadium). These

25 applications are all related to the fact that the

HTL compounds produced by applicant’s methods can,

among other ways, be characterized by their

resistance to mechanical stresses and, hence, by

their ability to function in the severe environments

30 associated with many chemical reactions.



30 sorbents, hydrocarbon cracking (or hydrocarbon 25 March 2002 -30
formng) catal ysts) ion exchange agents) etc.) after ( having experienced

t enperatures whi ch woul d pernmanently deactivate anal ogous ani oni c cl ays
(such as anal ogous hydrotal cite-li ke conpounds) made by 5 BWM%FI?QbOZ
manuf act uri ng net hods. | ndeed, these inproved physical--aftributes can be

t hought of as even further hel ping to define applicant's materials and

di stingui sh them from anal ogus HTL conpounds Ade by prior art nethods.

That is to say that, if 10 a pllc%nt s "activatioon" pr.oceduyres (u3|n% St eps
1 and 2 or using Steps 1, %P At 5 o frEFaday 10y Gt al’S t £

conpound exhi bi ting o5eaieruA dNase @'E%Or“aGE?@E@ioHer?féé'e&M that

conpar abl e hydrotalcite-Iike conpound . made by other hods, 15 then these
qualities may hel p togefstaligui s:tvna:pmlae@antdfs ‘Headr ottaleaittiegl i lemdcompeunds™
fromthose made by prlo rit met hods. presse in.pat nt clai m| anguage,
there are several ‘iﬂ di merfiF G Bppl i g’eﬁﬁ 8€esses ggeg
maki ng and usi &g the Wd—rd‘t%fﬂéql&@dﬁr‘éﬁukhhé PhrRturdosCl QMPRnd®  This

di fferences between them generally revolve afound: (1) whether or not the
mat eri al produced by twme atrapgm‘alcegynmhysl inrsome i oyses denauwgmengricbyl ay

conmpound (e. g.) a non 25 drotalcite-like ound r an_anionic cla
co%ound Ee. gg,)a hy(frrbt%f?‘lg%tleonraf e RnpBEh YWEEE Rﬁ%fhegeﬁF ﬁ&leaf:ﬂ@nty
non-ani oni ¢ clay conpau Qqinibe aphoni Be Cl Ayr&ORROUNG | $¢0r ised gangi hgat

treated in one or nore stages before’ it is eventually hydrated 30 and (3)
whet her or not the r@@nlmcngtI—ELp@onpeahd i §hesedhastaterakbkgstrofpounds

catal yst bin a Sox 2002 -3 sorb Nt Q_ion exchange agent)
etc. Sone of %ese eM53ditfe nrt}éo‘f?;'g: b2 exf)? ﬁ? Bht eﬂ?ti?%‘?“ﬂrﬁ’an g%e as
follows: 1. A pr ocess:c;n@fouﬁakfagm@ﬁgaﬁa@éu—gapg ay 5 conpound, said process
conprising: (1) preparing a reaction mxture conprising a divalent

nmet al - cont ai ni ng conpoundAand;llaantWal eﬁpvﬁﬂtabnconthalsm ngEWsonpogerexaider
condi tions such that ! produc obt aI|h q_, mt e

odiments. odiment is a method for
producing HTL compounds (e.g., anionic clay
15 compounds, hydrotalcite per se, and various

hydrotalcite-like compounds) from compounds that do
not possess the structural characteristics of HTL
compounds. The manner by which this first
embodiment of applicant’s invention differs from
20 prior art methods for making similar HTL compounds
is that applicant’s initial HTL synthesis is carried
out using those ingredients and those reaction
conditions which are such that they do not directly
produce compounds having a HTL structure, but rather
25 produce compounds that exhibit a HTL structure only
after experiencing applicant’s hereinafter described
activation process. Hence, in the first embodiment
of this invention, an actual XRD determination that
the product of applicant’s initial slurry or
30 precipitation synthesis reaction does not produce a

compound having an XRD pattern that reasonably



10 reaction mxture is a non-anionic clay conpound; (21 heat treating the
non-ani oni ¢ clay conpound to create a heat treated, non-anionic clay
conmpound; (3) hydrating the heat treated, nonl5 anionic clay conpound to
obtain an anionic clay conpound. 2. A process for naking ¥y Wr{?ﬂifocgi ay
conpound, said process conprising: (1) preparing a reaction mxture Zo
conprising a dival ent netal -containing corrpoggg_and a trival ent

net al - cont ai ni ng conpound under conditions su that a product obtained
fromthe reaction mxiuisnifed RAALANLENIE WbtAIPOHIind DeddWoroper
tenperature treating the non25 anionic clay coffpound to obtain a fo
tenperature treated, imgrexienti c akapsconfound; (3hosedi unf t empenasiog,
treating the nonanionic c]Jay conmpound to.create a precursor far an anionic

clay conpound; t 25*NEHIHIMOE2XYESN (ARdhJYAFOERG 1T PRec GASsr ShorHER
anionic clay co_rrpoundcgr%&g{@au)n Y aga_!iggl CwflRY GUPOHHD 3o ?dpr peessy, for
maki ng an anionic clay S conpound, sald process conprising: F) pre-Baring
a reaction m xsure cogricialgsteg \ial epplieint - anaialilngroaepeund and a
trival ent netal -containing conpound under conditiqns_such that a product

obt ai ned fromthe 10 react iton@ hF Rt RS _ab‘?loﬁpéﬁi’-éﬁilx c‘}%ﬁﬁd_czonﬁe'l‘ﬁé‘?r'(Z) .
converting the non- anit Gpph3%afe ROLPG: hdd £ %ﬂﬁﬁwc%dmaglyﬁbw éﬁ&{] e (3)

heat treating the non-anionic clay conpound to obtain a c apse eat
treated, nonl5 ani oni‘@mmoirphonsfpoinu-cigsthyliinei ngatheiads| apsedllheed

treated, non-anionic clay_conpound tg._obtain an anionic ¢lay coppound. 4. A
process for making afiffdrotal ciclré(-sltiagélﬁﬁ cBAR8ERAd, 'sa?ﬂgpréegggatlons
conprising: 3o thereof. Indeed, the term ‘“amorphous” as used

herein could include (1) crystalline phases which
have crystallite sizes below the detection limits of
conventional x-ray diffraction techniques, (2)
crystalline phases which have some significant -

15 degree of ordering, but which lack a crystalline
diffraction pattern due to dehydration or
dehydroxilization (such as in layered
aluminosilicates), and (3) true amorphous materials
which may exhibit short range ordex, but no long-

20 range order, such as, for example, silica and borate
glasses. '

Whatever their physical form (crystalline or
amorphous), these precursor, synthesis reaction
products may be subjected to some form of *“low

25 temperature” (i.e., “low temperature” may be taken
to mean less than about 250°C, for the purposes of
this patent disclosure) drying process before they
undergo the heat treatment aspect of applicant’s
activation process. Such a low temperature drying

30 process alsoc may include the physical formation of

those powders, pellets, beads, extrudates,



(1) preparing a reaction m xture conprising an al um num contai ni ng conpound
and a magnesi um cont ai ni ng conpound under conditions such that a product
obtained fromthe reaction mxture is 25 a non-hydrotal cite-Iike conpound,;

(2) heat treating the non-hydrotalcitelike conmpound to creat Yo
treated, nonhydrotalcite-like conpound; (3) hydrating the‘i%e@ta??'?eat e2d,

non30 hydrotalcite-1like conpound to obtain a_Qggrotalcitelike conpound.
25 March 2002 -33 5. A process for making a hydrotalcite-like conpound,

sai d process conpri simirdsbheRb8Bani ek FedACh: O rAinkl B EHABT 651 BHeaB
al um num cont ai ni ng conpound and a 5 nagnesi um cont ai ni ng conmpound under
condi ti ons such that zegntodocprodugitn@dtieramishéhesagelobeniveguieeds (ar

non- hydrotal cite-1ike, ca nd; (2) | ow.t erature treating th

nonhydr ot al ci t e- | i ke %% r‘%@ﬁd “{oor( o%?ﬁi %fa 910“‘?%%%% u‘?% Fragﬁﬂ‘gﬁ?s'
non- hydrotal ci te-|ikescxpapeend; id3) efeHhHEe! igeaitat urecd r eattiss t §8ying
nonhydrotal cite-1i ke conpound to create a precursor for . a

hydrot al ci te- 1% ke com¥@Pnd;shosldnydhewergry he bgr econsddered a“optional”

hydrotal cite-li ke coppaound tq.obtain a_hydrotalcjteli ke conpoynd. 6. A
p)r/ocess for maki ng ar%f&?lgfeal%&ﬁ e@??rlrke—ggggﬂ%ﬂﬁéisgﬁsb?gcé’ s%mﬁﬁ%g:
(1) preparing a reaclen®ddimhtl € 30 CAPPLi&AME &N AhvEhPUSH CORIIIAI NGyo

conpound and a nagnesi um cont ai ni ng conpound under conditions such that a
product obtai ned frofirketigakei bhs Mpsaturerdarmentostiepdrotal cite-1i ke

conpound; (2) converting e_nop-hydrotalcite-1ike 25 ¢o und intg a
desired physical form (3§rgh5at Hf"?gat ?ﬁﬁagﬂ%n%ong%/%rof’_%%ﬁ%ﬁi klée%olrﬁ%und
to obtain a o | apsedpph@abnt r €3¢ Rekhd¥ils edctidnCiptedhicks €8Ol i rf)
hydrati ng the col |l apsed, heat 30 treated, non-hydrotalcite-like conpound to

obtain a hydrotal cit 6empREAEWRpLUAd.e., a temperature in the range of
about 300°C to about 850°C). This heat treatment

may be carried out for widely varying periods of
time (e.g., from for about 0.1 tq about 24.0 hours.
15 This 300°C-850°C heat treatment step may generally
be referred to as Step 1 of applicant’'s overall
“activation” process. It is more preferred,

however, that Step 1 be conducted at a temperature

on the low-end of this 300°C-850°C range. This
20 treatment may be carried out at some preferred
temperature (e.g., 450°C) or at different

temperatures in this 300°C to 850°C range. Step 1,
medium temperature, heat treatments in the range of
about 400°C to about 500°C are, however, highly
25 preferred. Temperatures at the upper end of
applicant’s 300°-850°C range, such as temperatures
ranging from about 700°-850°C, are 1less preferred
since various less desirable phases (hereinafter
more fully described) may result from heating

30 applicant’'s precursor, synthesis reaction products



25 March 2002 -3~ 7. A process for nmaking a relatively hard,

hydrotal cite-1i ke catal yst, said process conprising: (1) preparing a
reaction m xture conprising an alum numcontaining material and a 5
magnesi um cont ai ni ng conpound under conditions such that product
dbta-i.ned fromthe reaction mixture is a relatively soft%5 Marehi 2002
hydrotal cite-1i ke conmpound; (2) converting the relatively soft,

hydrotal cite-li ke conpound into a form sui tabPé~for 10 use as a catal yst;

(3) heat treating the_rel ati.vel ft, hy talcite-like ¢ und tq _obtain
a heat treated, precuf2or TS a]yervzq'a i vel g%%ar 5,8r{%§83r“%?al%€tr¢e&ﬁﬁ§e 188

catalyst; and .' 15 (4esiysb®d i nphlaliesheahaf r edtidflnipheCUEBOT fifeclirsor
relatively hard, hydrotalcite-like catalyst to obtain a relatively hard,
hydrotal cite-1ike catBdyexiak’ s pyrentdsd tor Leam Tpxdmuel ameusky Rér ghe20
hydrotal cite-1i ke catalyst i o] S. . CO .8l ng.. (1), preparing, a
reaction m xture corrpﬁléicn%ntzaﬁing'l"?m rcﬁj%na“‘rsceosnrgirrhafﬂng %%érrpoﬁ%d aﬁéjﬁgt of

magnesi um cont gi ni Ng £EFPOsHME Wgaocee8dist i ons such that a product obtained
fromthe reaction mxture 25 is a relatively soft, hydrotalcite-Iike
compound; (2) converting tThesee| ahighey sSEPPeRpEREeal cialéol | & onpeEhd

into a formsuitable a ; I re _treati
the 30 relatively sofé?é%e;/%feocf%e%atﬁgtel %§§§C%%§%u%%%%@fb§f’cﬁ Egoéhggﬁ
obtain a | ow tenperatdg@ct r egémserdlrdl i vty s@fich hydrof al ?iatreil:h:k.ﬁrly

conpound; (4) nedium tenperature treati'n% the relatively sort,
hydrotal cite-1ike conpularinable cmegesialpr ecunsoelvor apieehti VMIZ1.Rak d,

g otalelte-Lgke cabalyply B0 e AShARD. USSR St Renias,
hydrotalcite-like 10 fodn@lt)ighh Qs A Pifefitaf Obomakhg PricRledli VBEYaled d,
hydrotal cite-1ike SOX sorbent, said process conprisi n%:, .
spinel can not be rehydrated. This 1s not to say
however that any other material, e.g., MgO, that be
present in such a system at temperatures at or above -
15 900°C, can not be employed for applicant’s purposes.
For example, if applicant’s hydrotalcite-like
starting material is converted into spinel (MgAl,0,)
it becomes useless for applicant’'s purposes; if,
however, applicant’s starting material is converted
20 into MgO, it still may be useful (e.g., as an SO,
sorbent ﬁgent).

In any event, temperatures of 900°C or higher
can be regarded as ‘“high temperatures” for the
purpose of this patent disclosure and they are to be

25 avoided as far as possible. This admonition also is
consistent with the teachings and spirit of the
literature. That is to say that nowhere does the
literature even remotely suggests that spinel can be
reversibly hydrated into any other phase at ambient

30 temperatures. By way of sharp contrast with this,

the literature teaches that HTL compounds such as



(1) preparing a reaction m xture 15 conprising an al um num cont ai ni ng

“«conpound and a nmagnesi um cont ai ni ng conpound under conditions such that a
product obtained fromthe reaction mxture is a relatively soft,

_hydrotal cite-1ike conpound; (2) converting the relatively f

‘hydrotal cite-like conpound into a physical form suitable ?§Wé§cer‘zggog SOX
sorbent; (3) heat treating the relatively sof_t2 hydrotalcite-like conpound
to obtain a precursor for a relatively hard, hydrotalcite-like SOX sorbent;
25 and i4) hydrating hhg1pegetirsor fopep,rel agiyghyaiprd, Jydiatal citglike
SOX sorbent to obtain gﬁr el atively har d?y hydr ot al ci tie?l i keﬁBéOX sor bent??é 30
Because the HTL conpochasacteristsi paifentelyidsaltadidétyre harder than HTL

conmpounds made by 25 March 2002 -36 prior_art processes, the resent a
met hod whereby the useful TH% eq&f%earactéﬁr&I y&tsgy ‘Is)?ﬁ §§}§Fen¥?£uéﬁs&§

those enployed in FCGumhtguRd1 fieth dth Unlick cagk begr@xtendgd. pihicS ee
extension of a 5 catalyst's (or sorbent's) useful life wll take place when
t he - HTL conmpoéinds ofstiustyst ent dMgdOH$ur e ar @lseed i npodeess own rtihglat ,

e.g., as hydrocarbon gracking qr, formng catalysts, SOX_sorbents, etc., or
when these HTL corrpounﬂ%“é‘_%‘féaqﬂagté‘&lf@_ a rr"i'ti’&e 1Siafri cd§, *8ufgsPt ¥noyn
carriers for other caigdy!i ¢al lkyeaGliyd JTBISIIAl §f (BucH: ma®BeRalBeyrdle
used as binders for SO, -~ SO, oxidant netals). Thus, using SOX sofptioh in

a FCC unit used to 15sigiifiegmdtlol asn & dneexarphe increasdénpdy bfigher
extending the useful life af an

SOX sorbent (or catal yst) may, be expressed
in patent claiml angUdETH ¢ het ¥OR FRSR g nﬁ%ﬂ@?fa%\u’f%‘et)hod f%}?e’é_xt eEHFEg
the useful liig of a S edhiIANNRRY Syt eveMeesthiP Bo&CC UkidnsheuBdtly, |
enpl oyed to refine a petrol eumfeédstock, said nmethod conpri sing: errp?(oyl ng

a HTL conpound nmade Wiheishruwsfite prapessooflanges forast ugiosc lredyndzatson. SOX
sorbent systemin th& FCC uni{: and Wnere'gn &hhe HTL ﬁforrgo&md 25 %Sdi n_the
formof a microspher R Jp%r_??:l 838Pefie8%hB8e *BPrHEPY" f BRBEF b7 537
sorbi ng SOX produced iy f£itd Hpderredt! ffdr GARIALRI RELPEbMALEHAY miked By HTL
conpound- cont ai ni ng particle species rnay further conprise a binder agent

sel ected group 30 cordisst terchingmgabsitivsalnationdt cdidpidisere -naghrdeed
silicate, nagP§SiL”n(§gﬁ¥fg§ni E%%%Eethgglgéu@gmperature increases beyond
certain levels, an increase in a MgO-like material’'s
crystallite size, as well as alumina and magnesium
aluminate (spinel) formation, eventually do take
place. Consequently, for maximum SO, activity of
20 applicant‘s HTL compounds, it is preferred that all
the MgO in a given system remain with the HTL phase
as opposed to reacting with other phases and thereby
rendering the MgO “inactive” e.g., inactive as a SO,
“pickup agent.” Again, this is best achieved by not
25 using temperatures above about 850°C.

In any case, the heat treated product of Step 1
of applicant’s *activation” process is then
subjected to a hydration step. This hydration step
might be termed Step 2 of applicant’s activation

30 procedure. It generally entails mixing the heat

treated product of Step 1 with a quantity of



25 March 2002 -37 silicate, alum na) cal cium oxide and cal ci um al um nat e.

" Expressed in patent claimlanguage, such a nethod for extendi ng the useful
life of a SOx 5 additive systemconprised of a SO ~ SO, oxidation catalyst
_and a S0, -sorbent may conprise: (1) enploying the SOk addptipgchygbem i n
the formof at least two physically distinct particle species wherein a
first particle species contains 10 the SO~ -> SO, oxidation catalyst
conponent and carries out a prinmary function ®~ oxidizing sul fur dioxide to
sul fur trioxide and the econd particle g ecies .is physically.s arate and
distinct fromthe fi St Sarti glhécépéﬁl 24eh oha g Jﬁutevglﬁ%flngg mghe

function of sorbing tmﬁcSQ,reartedugeéc@yséban&rfalsqlq@mddabl ?n CRi@dyst;
(2) enploying the SOz -~ SO, oxidation catalyst in the formof a particle

speci es that conpri s@SlXtC-la’)“— a suiheyr mgohod.- msoma@neaat%nhydtcatygn to

vanadi um plati num - SRAERS GRE IR | REgbdendmLL vMARER CBBberiot

chrom um nickel, iridmifednangasese, meehahb ds Ofprayiey bi Unbr&dieh thirani um
and (b) a binder made froma material 25 selected fromt e group of

met al - cont ai ni ng conP&EnB3uBGABEsti ng of hydrotal cite-1ike conpounds,

cal cium al um nate, alumn &

al um num zi r conat e, nagneglmu%]hgl %%gat gﬂé’ g#nn%é%%g% Sr‘;‘i%m rpﬁr}%’d'
hydroxi de, an al um nipdgaBtiehnNisginBieat DX def tRS Mte o 20 maki opoFound
(other than alumna (A1,0,) ) , clay, zirconia, titania, silica) clay and
cl ay/ phosphat e mat er Pal ETlangopRyuRdi ng Adasi tgonadddlor betis cbapbnaialeaset he 5
formof a se d par t nm. dr ot it Is made
by use of anc‘l’%;ctl va%hgh‘fg%%%eg&% #éiﬁ s?%éa%/eél glhéclcgls?h“rliégl %Oerg&%li%gl
activation process napfitchvdlsveppesimedd Sidepba ane Stepse? ¢pr tﬁée@ﬁ-eh,tl?r and
3) upon a nonl0 hydrotalcite-like starting material or a hydrotal cite-like
starting material . AAJPEPVede PHYSEBRpouRESPREYI®E uSéd HTLFCCRpoteds

wherein the SOx sorb thgg@&glgh tgg}e( e Qggrrgrfl sf rﬁge?llgoﬁl,s]cqotsg§%lzout

90 wei ght percent of overa |t| ve 1 system
sorbent particle spettesalsul sheudd be SQotexd daste parHatc| énspeamieas) toSuch

an overall, SOx additive systemwll, in _turn) normally conprise from about
0.5 to about 1D 0 welgKimhes it a&P“é‘tb&Ikaﬁ§‘dF8‘B%?%‘?1 Rrogugedy bYat Bl §st
(e. 9., hydration step, the amount of water added should be

substantial in quantity (on the order of 30-50
weight percent of the dry, precursor material).
Such amounts of water are required in order to fully

20 form HTIL phases although less water will still
result in a material that exﬁibits a HTL phase; such
a phase will not, however, be *“pure,” i.e., other
collapsed HTL phases will be present (i.e., a MgO-
like phase and/or a MgAl solid solution phase).

25 Again, depending on the hydration method to be
employed, the previously noted “low temperature,”
optional drying step also may be employed in order
to render a material having a desired amount of
physical water. And, once again, this 1low

30 temperature drying should not exceed about 250°C

because applicant has found that temperatures in



20 zeolite) SOx additive system Next, it should be understood that the HIL
“.conpounds nmade by any of these nethods may be used in any way that the
prior art has used hydrotal citeli ke conpounds nmade by any prior art method
(e. g., 25 they may be used as sorbents and especially S

“hydrocarbon cracking catal ysts, e.g., for use in fixed bg%sggéﬁﬁﬂ?goged
systens, catalyst carrier or binder materials, anion exchangers (e. g.,

wat er softener agents, etc.) acid residue 30*§%avengers, stabilizers fo

pol ymers, nedi ci nes, . kLgapt.,s onpoyn .- Do, 5
March 2002 -39 parti ggﬁeiaérs%yoﬁ\gg%% \%gr gggkleea??rlgbgﬁgggg r%h%/\@/%%sfe .91;2
har dness, toughness) varigueatieitedt@agety iane , espaaingl | yreesdrlccthd ewghzexr When

they are used in FCC units as, SOx sorbents, catalysts and catal yst 5
bi nders or carriers) % S8TkA+Rh SIXPPNAFEBRI EF IDESERT| PFREN OFFIE HTL

DRAW NGS Figure 1 is a 0 A rafti ig%gﬁ, ;
slurry. Figure 2 is ggyég%gt %;%-)‘E(‘;Er%{lf érrpg% SégNPFAI@Yr a%lg%f %mzfag)lron
slurry in whieh the staprywikls posseBeataagetyafalding 80r8b€urdi gien3 i S

a XRD pattern for a 2My/l Al ratio HTLﬁgrecursqr slurry in which the slurry
has been heat aged af¥BbBiks so®ssTrIvredl fxaffeorRatiiesh ItathaMrn hand

mat eri al whose XRD i j 4N Ei 1+ Fl [ X r

2Mg/ 1 Al ratio precur Sgsgn%%:%ﬁ?lajlﬂt #f%%gg%%gekgﬁég?fggg %@ZDat leig;lfdgn(f%r
wherein the effects sohealTanoegrimimdhelet atmeci at edmiilalr tdmtstaigdng | i ne
phase 2My/| Al ratio 15 HTL precursor have been subtracted fromthe XRD
pattern. Figure 5 dePFERSEYRAa XRD pattern changes) the various phase
changes that,pake place ag,agsfsublsff thEsahyh¥atLANpREAGESSTAY LBhSn

pat ent di scl osure.

be “collapsed” by a second heat treatment step which
might be called Step 3 of applicant’s process (e.g.,
Step 3 heat treatments at temperatures ranging from
about 300°C to 850°C and preferably at 400°C to

15 500°C) in order to remove its interstitial water so
that the resulting material is better suited to
certain uses such as a SO, sorbent in a FCC unit.
Compounds created by this third step may be used for
any of the purposes for which the HTL compounds

20 created by applicant’s Step 1 and Step 2 materials
may be used.

From a broad conceptual point of view, the most
fundamental version of the first embodiment of
applicant’s invention might be thought of as being

25 based upon: (1) a "“delay” in the production of a
hydrotalcite-like compound end product relative to
the point at which analogous hydrotalcite-like
compounds have been made by prior art production
methods, (2) heat treatment (single stage or

30 multiple stage) of these “not yet” (e.g., with this
“*‘not yet” quality or state being determined by XRD



20 Figure 6 gives the XRD pattern for a 2My/I Al ratio HTL phase produced
using applicant's activation process in a case where the starting 2My/ | Al
ratio HTL precursor slurry was not heated. Figure 7 depicts the XRD for a
.2My/ I Al ratio 25 HTL phase produced by applicant's activabgopapAeed® Usi ng
a heated 2My/| Al HTL precursor slurry. Figure 8 shows the XRD pattern for a
2My/ 1Al ratio phase material plus oxidants nggg_by applicant's process.

25 March 2002 -41 Figure 9 shows the XRD for a~My/ AL system activated by
applicant’s process afskydif)ei N HiRe-c2%IeREbasKa SMMd LMY ar oL@t i 0.3
Figure 10 depicts the effects of "a one hour, 5 500C heat treatnent on
precursor phase wi {h kydxkhiton 6fgube 1tihstowbeXRD thratad3 Mt e fadbd daat

Ce, tem where th i d . added to th | f1
e hour. 735G cal ci rERAbn R PE S SHET ol 14 hECBRPRETH 5 vt A CAMcHnPbhar
precursor slurry. Figwe & XD EQiaar BB/ thb gxhtlagk GEB1iVinsystem

wherein the oxidants were added to a precursor slurry and wherein the
system was 15 Fact i vatigiittiislowggmuhssist appkhemhca: merhbilsn ast@p2Gs Figure
13 is a TGA SOx Sorptign and Rel ease trace forb}g.Bl\/%/l.Aé HTL tem
prepared by applican pPdEesds MURliTRECf 2881 peF ~|P§ﬁds®%§mllﬁll‘0\l
OF THE | NVENTI ON Eversdnipnal t44 S poRkenleon(d g or oast ¥ teongeded sWikiben
anionic clays in general’, it is nostly illustrated through di scussions)
data and working S eXxaidsioselchte fatupessibivwse hutoniathelrayto kmewa s

Compounds. axe. per haps THAS Tadi#9ERE rell e BEOGH r e GiF colfbistds.
(2) they are gche nostomlakeshydi edlr 28dhy@rsidrd ta)i adi oS ble.
In any event, applicant’s first general process
may generally employ any combination of those HTL
compound creating starting ingredients (e.qg.,

magnesium-containing compounds having less reactive

15 anions and aluminum-containing compounds having less
reactive anions) and any of those reaction
conditions (e.g., short reaction aging times,

neutral pH levels, and ambient temperatures reaction

conditions) that may serve to - and, indeed, strive

20 to - produce a resulting slurry or precipitate

material that does not exhibit the crystalline

structure of the HTL compound that ultimately will

be exhibited by applicant’s end product

hydrotalcite-like compound. 1In fact, the precursor

25 compounds obtained by the initial chemical reaction

step of applicant’s first process may well be

entirely amorphous materials having no HTL structure
whatsoever.

In the second embodiment of applicant’s

30 invention, however, a hydrotalcite-like compound 1is

purposely used as the starting material, or as a



10 conpounds in the literature and because (3) they are, in fact, the nost
preferred conpounds for actual practice of applicant's invention. The
crystalline structures of sonme of the nore preferred forns of HTL conpounds
for the practice of this 15 invention reasonably resenbl gzém) %hoiooﬁl)
magnesi um al um num hydr oxi des, (2) nmagnesi um al um num hydr'oxi de hydrates
and (3) nmagnesi um al um num hydr oxi de carbonate hydrates. They are
preferably nade from conpositions primarily Z5—conprised of (1) a

magnesi um cont ai ni ng conBound and éZé an al um num cont ai ni ng conpound
(e.g., an al unina soPFe§PEAPRa GEMBOBRAcr yst dRtne 18 ufitha)S3nd)that  a

optionally, (3) otheg,, J S 18] gal J t ngd . bj
mat eri al s comonl y\ugggQggg%Egéz%ﬁgﬁﬁ%n end mSEBog u%’? S?ngeokagﬁkg s‘ﬁ'L
conpounds (FCC cat al gstnmerSLX1 5pr berirs,itancam beclsymghepekbdt Dy atse .of
Some particularly useful magnesi um based conpounds for creating applicant's
(:’Ifug sqruﬁ]th%

HTL conpounds 30 wi | B®¥n SRS MARARYr 8P WA dtcat'di ! Smetfite :
March 2002 -4% acet apg, dmdeathde, £ JRONGST WD ihihake) Em.gdgﬁ um
hydr oxi de, nmagnesi um car bohat’e, magnesi um formate, nagnesi u Ch?OI‘I e,
magnesi um al um nat e, pagenbusdimghesunen-si | | dat e aittheamgrmesiaym clabweawen,5

silicate. Some partis=larly useful alum numbased conpounds for creating
appli cant's HTL conpBBRUSCHRY (S iPRIIRRS F '%Lﬁ??%c%?a&peﬁr%ﬂ%%rﬂfni%te,
al um num hydr oxi de, gl 4PbEMR £38 DA € coERAUM AB,EOEFR! Gor 2 4dH)NU B

chl oride, hydrous alumnumsilicate ané: alumnumcalciumsilicate. In the
case of the first enbodnnment‘cofllehesdl nvent'imetasthéde” maghesiai: comhdisni ng
conmpounds and al um nuntont ai nj n%%co ounds SBOULE be er‘rBI oyed such_that 15
the product &P theirB¢aFt FRPAFBIRY i HHEYUTRY nBe, EpPBEREe°f nBsHPESRoAp&iind

that will ultimatelyeRes pradidiRd Biba@phés@ntsss EB}SFQELHE“SBYid%ﬁthn.

exanpl e only, HIL conpound formation by this initial reaction can
thwarted at this poiDhieicolhap98i produetia shrabpreooessiylend dyhisg saepnd
synt hesi si nfluencing factor selected fromith roup consisting of (1) use
of less reactive rrag%’&g?cﬁfrf&ecﬂﬁ ai 1 ngt B/ oPyﬁﬁggeéjeaE‘?i yagain Porht

al um num cont ai ni N9 KPIRGUNAS 219 ke  USnpgRfurld, dr OXh 085S h{ @84 €86h OhagSbe
acetate fornms of magnesium), (2) use of particulate ingredients rather than
those in truéSsol utitmuql®) ofeasf Stebatd vef ythher secendt eahogameniisofe.

g., less than 0.1 hours), (4), use_of "neutral . L evel e.g. -

| evel s) and (5) use %‘?pi]e‘faéﬁ Vel §7nY5W13?)nt errp%?grh?aéntr egl(?%i oﬁo%rbcgd?]t’lggns
(e. g., less than 30Ris  2bolBaghorO02 - 4dthbddi tigmal | yrodetinpe i 8

t hose applications where other functions (e , oxidation of SO --~ SO)

is a part of the pr W%%&é@eoﬁoaﬁspﬁgéhf—r@mI-ﬂ'LhXQﬁ?ﬁ@Mé}ef'é.ilj‘?,
when they are to be égﬁﬁgdﬁ%JFqg well worth the extra effort because the

20 resulting hydrotalcite-like compound will be harderx
and/or more dense than the original hydrotalcite-
like compound from which the resulting HTL compound
was made.

Stated another way, the starting ingredient in

25 the second embodiment of applicant’s invention
already will be a rehydratable hydrotalcite-like
compound. This may be evidenced, for example, by
the fact that it already generally displays XRD
peaks that resemble those of a known HTL compound

30 having the same ingredients (e.g., Mg and Al). 1In

any case, this hydrotalcite-like compound starting



5 catal yst, or SOx sorbent particles), any nunber of well known oxidants-
may be enpl oyed in conjunction with applicant's HTL conpounds. Such

oxi dants woul d include, for exanple, platinum those conmpounds which form
.oxi des of the rare earth netals, oxides 10 of transition mgtgls.eidpe Such
oxi dants can al so be associated with the HTL conpounds of this patent

di scl osure by inpregnating dried fornms of these HTL conpounds with

sol utions containing ions of such oxidant met4ls. 15 | ngredi ent Proportions

TABLE | illustrates {eRr asentat i el at i ce |0 of .sever al
HTL conpositions tha?'&(r%r]frlgg re'rLa%der]:hge?/1 ;f%'eartt e%: aftﬁeégqc})’f ﬁrl{vze%:a[%ntmto a

di scl osure that are expddapked”usel Umetns$@bleor kemipodndf Gusl aid Oftfosd hey
are given in Table I) on a dry oxide basi-s) both with and wi thout oxidants.

25 March 2002 -45 My/S&BCEABREr imp/they/Mivata (Fafepg§nddyo O Jethe 3 1B . 4
79 . 8 AlzO, , Wb 3 29 .2 MuLA 2/ 5 tio
MyO, Wo2. 159. 867. 8AI 6??\%5/62.95}?.62%9%050, %&2.%%%@%?0\?%0?}‘?%%"(@ ©)

03 . 05 10 15 It al mbedipenndsfofthtibatinveatiith can be uzedutied dtbe
appreciated this patent disclosure alone (that is to say that they can act

catal ytically, as sofBEALS PEeEerinf LeMRAFaikendrr Jownd BP Hakrobrathdiva x

material) or they canp.be oci it h al yst hi.nder_ qr
mat ri xform ng materi gfs t"ﬁ%t% arcgtsﬁg'ﬁ%knotmeﬁﬁe%%t%ﬁggé s)lé'lﬁl I ?(?rg,_l n %eﬁxeeral

cat al yst and/ or sorbeetpanktuge ariangel nsiedoosachtdi aderCpr gat.r,i xatf oanm ng
materials may constitute up_to about 99 wei ght percent of an overall

catal yst or sorbent #&F&F;alOoPBE FEMREFREPEEphE? & dal2hattd @le, fqidiomed,

extrudate, et ) in which LhE-AHL teRERRYRHSe Ofnelati St AR &N edi 36! QSUT gt
400°C to 500°C). Here again, however, temperatures
greater than about 850°C are to be avoided in this
second embodiment of applicant’s process for the
same reasons they were to be avoided in the first
15 embodiment. For example, if the original synthesis
compound were hydrotalcite, and it experienced a
900°C heat treatment temperature for any significant
period of time in the second embodiment of
applicant‘s invention, it too would in fact be
20 converted it into spinel (MgAl,0,) and, thus, would
be rendered useless for the.purposes of practicing
this invention. Here again, any hydrotalcite
converted to MgO by such high temperatures would,
however, still be potentially useful in carrying out

25 functions for applicant’s end product materials.

In any case, after the hydrotalcite-like
compound of this second embodiment is heat treated
to an extent that it takes on a “collapsed” or
“metastable” form, it can then hydrated (e.g., in a

30 water system at 20-100°C for at least 0.1 hours) in

the same manner employed in the first embodiment of



are enployed. Hy way of exanple only, such catalyst, SOx binder or
"matrix-formng materials nmay be nmagnesia, alum na) al um nunm contai ni ng

net al oxi de conpounds, al um num hydroxi de, clay, zirconia, 25 March 2002
_-46 titania, silica, clay and/or clay/phosphate materi al 5251%5,%@;@090% to
'say that, even thought the HTL conpounds of this patent disclosure may
serve as 5 both an SO sorbent and as its own binder material in the
practice of--this invention, applicant's SO &t bent cat al ysts (as well as

any other solid for ot ; Y., I, referably,.
conprise at | east ogghlg-“rﬁ&gg%%%un% %?e‘y%lgfits%oﬁﬁ 5&%‘8‘2‘?&&’@?0%?%1“'
invention and at |egagtikenecotpethgaal |y dighiarenthibi ndakarseh(EXse SURRONt,

etc. material for that HTL conpound. For exanple, a SOx_additive catalyst
intended for use in &OFEEUBAi t may- be Wonphivda@talcdtrydibeal crempdundy

compound 15 Suppor ted Bk, 5R%, g EAEELUTLA U ngt ¢ lnder . Next, J.t, shoul d

be again noted that en apprli [ "comnmpounds "are-use

conponents, ok cat al ¥stfidabo@ti oj;mexstdiangRcageat S thet Chydi eyl dide 19 k0
used alone - e.g., as separate 20 and distinct SO sorbent particles or they
may be used with ot héPmBRevnde Kaseltirs AEPBhLRAy IFecendsamboddmantf @fent
particle species or E’B?Pﬁt particl e _specles enpl.y_t he
HTL conpounds of thi%ﬁgg?en o%]sgflgéﬁ{rzgsnBsu%%y gJTéZgglégan%ngorﬁ%%taé&ch
particles may be provmgecved t fhydiddl oamd /Y chefial0praidriesat(al. yst,
ingredient(s). Mreover, one or nore particle species that make up

appl i cant's SO sor be#iFebtporrtansit iy a5Er1t3gnanrept serncand ardalytio
requi renent ;pRrovide i Z .50, oxi I C |y el m t he
group consi s%lpng of Qc%%‘;{%rﬁ’ch §6§2,-4¥e§%%f18% \?Ea%ad?h%sgpl :tt%ﬁnﬁgrﬂgwe

pal | adi um rhodi um propktiiedOpydsiesusd byngakenriedmaar hytotaldite -
ni ckel , manganese, cobalt, iron, ytterhbi un}l, and uranium O these possible
SO~ ~ SO, oxidation HrEat YRR efrgmanybiahadike haXrsWitdven 08 bengd

particularly effect ié{i]g% | Cta%ﬁ%%ﬁ%ﬁgtﬂ%%t%ﬁ@éﬁu&g “ggz &E’Qi@@ﬂt. iﬁﬁl#sed

in conjunction wth conmpoun 0, absorbents. al so
shoul d be underst ootgs hdwevele dagte S -+heSOfigédt oximtbatiimantatesl yshss of
this kind al so coul d be placed upon an_enti rejlégl separate and distinct

t

particle spet?es t hatnVe AR x&denrefuthdRe Bhk t FRMRRUAG A hdSnEBEON t h

applicant’s HTL commouiisinelt Ris8Ndbe rdd" 2334 nPhRGeSErldted (this may

be thought of as Step 3 of this second embodiment)

at temperatures ranging from about 300°C to 850°C in

order to obtain a yet harder material whose loss of

20 water due to this second heat treatment may render

the resulting material better suited to certain uses

(e.g., as a S0, absorbent in a FCC unit). That is

to say that Step 3 can be employed to give the

resulting material (here again, a “collapsed” or

25 “metastable” HTL compound-forming material) improved

physical properties relative to those HTL compounds

that are not subjected to this additional heat
treatment process.

The anionic compounds that can be produced by

30 the hereindescribed processes will most preferably

have a chemical structure:



As previously discussed, the first enbodi ment of this invention, anong

ot her things, requires that an anorphous and/or non-crystalline HTL phase
be present at the end of the slurry or precipitate 20 preparation step. A
diffraction pattern for a representative material of this,ki I in
Figure 1. Figures 2-3 show the effects of "l ow terrperaturg% '?llgrééﬁzm

t han about 100C) heat aging the nmaterial whose XRD pattern is shown in 25
Figure 1. These figures show the presence of-%4?gnificant anorphous phases,
as well as non-HTL crystalline phasgs,.. Th rticular materials associated
with these figures were prepared usﬁﬁ Na gﬂgfﬂmﬁl%l aP%%tio. I'n one case,
illustrated in 30 Figure 1, the slurry was not heat aged, while the 25
March 2002 -48 mat er ivtleralias @ XRRAGP ALt eire ichtIk@w) N ahHOHN 88e 2saldk- 3 4Vas
heat aged at about 80-85C. Figures 2 and 3 show that upon being sub-iected
to such | ow tenper at Wuebh&getnfhearaeip o gt/4l lihahowdsé Sonakpett®s and
grows with increasing.agi i Kl gur sho the-crystalline portion of
t he phase that was s%’d‘%ﬁ ?%véi gqﬁ}"ealé‘% ‘?%a:i’i ts.é }['&(S)rsal;y pCh%st %rhea%lf?rgé”flsubf
the presence o the aarghous Fater-izalod hat, adrfl @ 6EIL tdhdd WHtEedndlce
"subtracted out" of 10 the XRD pattern—shown in Figure 4. Figure 5 shows
the changes in cryst &dstkQctane Bighdri Busisrepd. i n Tgpluasdntpreferred
"activation" process. p WMl VES, | LS. P r tivel abel ed
"2My/ | A1 Precursor bgflgtr%gnkgaffg%g ggi %g tié%dggé%/%%uéﬁug%g%&olrl tgirg'heat
agi ng") already havecheenndi smyssed as ,pad. adat hee pagyi Ows. di JCWSHo@R Of
Figures 1 to 4. The trace in Figure 5 | abeled "heat treated" is
representative of th&r8besEre@depRBsBs SPYHIN"stWiick hreshtol Mbwi A§. SCep 1 20
of applicant',s, activgtio rogess.p The _tr l-abel ed,," he r +hydr at e
(activated H'IIB dep?‘téfsrglﬁ’e rggéul?’s g’fa S%g% faeo'f agrp% cgéfés%g:etf:%gﬁgon
process. Cearly, aneltdhestsutdsr eAhasibrerhateat ad. wilils bees ceyi-denogd by
the presence of all 25 major peaks of an HIL conpound, jncluding peaks at
about 11.271 degreesSOp2. 790 @Bgr O8s: ol «34. BS%OnBegrSé@s meifPest it hei r

presence. It also sh 2be ad t- ELQUE& 25 J e s of the
CeQZ conponent that \%géslghd’de dufiﬁgét hghgy%(?hes%ﬂgc@ggrggg%:?i%ﬁééﬁ&d#'MOse

nost prom nent peaks nmaniAgslicari?b Maeabr20DP - 4thd hefisehdes taiat?8. 555
degrees, 47.479 degrees and ,

15 compounds made by either of the two general
embodiments of this invention are usually at least
about 10% harder and/or 10% more dense than
comparable HTL compounds made from the same
ingredients by prior art production methods. These

20 physical attribute(s), e.g., of hardness and/or
greater density, makes those catalysts, sorbents,
catalyst binders and ion exchange agents (e.g.,
water softener agents) made from applicant’'s
hydrotalcite-like compounds more attrition resistant

25 - and hence longer lasting - especially in a fluid
catalytic converter (“FCC”) environment.
Applicant’s resulting compounds alsc have an
improved ability to be regenerated (e.g., with

respect to their ability to continue to serve as SO,

30 sorbents, hydrocarbon cracking (or hydrocarbon



56. 335 degrees. Figures 6 and 7 plot the XRD pattern for a 2My/| Al HTL
“«conpound that is produced using 5 applicant's activation process. The
conmpound that generated Figure ~--was derived froman un-heated slurry,
_Wwhile that for Figure 7 was heat aged. The "stick diagrang( i l i nes
‘of different heights at the appropriate 26 positions for n?ﬁeMg{)@s?é?g

mat ching” 1 CDD card i s superinposed on each of these two plots. In this
case the "best match" was with | CDD "card" 353865 for My6Al z (OH) le-4 .

o i DD card z2-700 TorTu ctaraveey. 1o sEERARHD dfla S iapkar”

positions and intensiiaeindg o Gimeericasred@bl talpaateeesel atihaes bubulhi s
particul ar HTL conpound has 2B peak positions that are nearly identical to
those of the 35-965 RG¥NamEitdYHIRag6AP8LAJ2RRSRIRNS Rl oXRDaYE (such

intensities which ha h i ( aciessrel atl h of . t he
several candi date ca(rjas ?ﬁégggérsé c%%gﬁg%%gggﬁék?aﬁqmﬁguégﬁ rreqfagres B¥
both the aged mnd norpmiged abryr ryasxsagheridie aewpaded i n AR, | thésd the

"best matching"” card,, 25 nanely, 1CDD card 35-965. 25 March 2002 -50
TABLE || 5 10 15 20 I‘GHFCHd Byo@sivt ringhe§ ng2n aged)nayabal ofTLag aged

degr cb6009090bet o, oG BhoUBaBEOgaTRE ety CeTIAOL A0 T e gn RS ELRH ¢ nat

the lattice parameterand adisoingpidh cahemns 28 | Analtibyus orFTILNdompowneds | Y
identical to that of the card, while lattice paraneter "c" is substantially
| ower. Applicant bel iM&d&s RyhPrieki 8r8i BRERPES - t hARaE hésak®uPdY ofhaty, '1f

substituted iygyo the iLedl Lke skh al r Ldenti.cal hat of
t he 35-965 cair% mat era?;ﬁlif\ic\%ﬁltlg tﬁ?t\%g%?:g?ﬁon%ifrz:)%lggth#(%ee(%asrlaﬁetéet%p% ials due
to the nature and anmamd »Dfotrnueihqystepat &, andanhasge-graldarel, NGagni @GNS

| ocated in the interlayer. Figure shows the XRD patternps, for the sane

8 er |
2My/ | Al HTL conpound "yS&@tedcdbhet 2fe Fi GOFRIUES anderhikieiid t rEgeafer
i ght t CeQ. '
wei ght percen A9 g E! %/B%&%at%@d&ﬁé@%‘eﬂhﬁnar e g%ﬁagx@éo&%\éd ‘o

virtue of ceriumcontaining conmpoun g., ceriumnitrate

the slurry formul ati dydabtedcitacliky thapoagdesiadn ahy altivernume dadsgi ni Ng
conmponent s tol%et her. tllmténal St%essgomq%ag?tqg%ed n{[a?/at 'he pt h t;[ohe distinguish
applicant’s “hydrotalcite-like compounds” from those
made by prior art methods.

Expressed in patent claim language, there are
several general embodiments of applicant’s processes
20 for making and using the HTL compounds of this

patent disclosure. The differences between them
generally revolve around: (1) whether or not the
matexrial produced by the original synthesis reaction
is a non-anionic clay compound (e.g., a non-
25 hydrotalcite-like compound) or an anionic clay
compound (e.g., a hydrotalcite-like compound), (2)
whether or not the non-anionic clay compound or the
anionic clay compound is dried and heat treated in
one or more stages before it is eventually hydrated

30 and (3) whether or not the resulting HTL compound is

used as a catalyst (or catalyst binder), a SO,



exception of the effects of the CeQ, present (I1CDD Card 34-394) in this
system the pattern is very 25 March 2002 -51 simlar to those sanples
cont ai ni ng no oxidants (again, see Figures 6 and 7). The follow ng TABLE
J11 conpares XRD patterns for HIL conpounds with, and wt izgﬁﬁs as
5 conpared to the patterns of the "nost closely matching” %rgﬁr -. This
conpari son shows that the presence of the oxidants in no way affects the
structure of the HTL conpound. TABLE |1 | CDD3€ard no with oxidants 35-965
oxi dants CeQz and VZ g 3. . 057 46 ¢,. An rom.23. 40 .~
23.05 23.07 al pha, d%‘?%ées osaé"(r)qg;d‘ begfcg‘,a%&%gra«?é%?%o <55 '90%3’5“%18,‘5 g&aﬁses
120 120 120 10 Thus, daasetingys these apsl obkksreésadi ngs, pRPEhEaNtlhag
concluded that, within a reasonabl e experinmental error allowance for this
kind of analysis, no kHpFEgeadisef@iiP¥Fence in crystal structure can be

observed between HTL corrpolundsAISB?nggga_t fgrwrﬁ%\cﬁ? 1S%nd_a}{zg)§%§xggf€%ts of

and those without such oxi'dants. raction” patter oW Ng

a higher My/ Alsrati o dompbundy: $hidnpibeesB Lcshgritdidad formation are shown
in Figures 9. In addition to 20 the HTL conpound and oxidant CeQz, a snall
anount of nagnesi um hydroxi de (FCDDPEBPAr#8239) das HRASTHEH in MEetPER tern
shown in Figure 10. Thi : t 1Sy, r 0 3 Sj it
results published irléqﬁ}%#ﬁyé a?u?évﬁﬁgpggpggﬁé %é?F%%ﬁ1€#Lé$%§¥gﬁ%ﬁfﬁp as
been determ ned by otader twiedesti n @italacbnteingng M yanpduid beudndes he
My/ Al ratio range of 2-4. 5 Since the sanple that generated Figure |0 was
prepared at a 5My/ ~. APAEEINSt HalChhpbRRt o PR inPPEASNeR edERR ithssuch
a system exc ed th it of . i T TR W AYAR s P ugl er -
hence a nagngisa?jum hy régf?&gnphé%g%\é/as? o%?eécfl éla)r%xd'dr?rlxalltr?!l~I elgg'egblﬁ%m}“?%’elf in
this way. Figure 10 shows the ¢z2)ystiatst tueauiagpresentnonoanBhipr equysor s
materials having differing My/Al ratios just prior to Step 2 of applicant's
activation process. GPTHRMRdi LeyFEpalbat 8r Beat hergahpd, non-anionic clay

compound ;

(3) hydrating the heat treated, non-

15 anionic clay compound to obtain an anionic clay
compound.

2. A process for making an anionic clay

compound, said process comprising:

(1) preparing a reaction mixture
20 comprising a divalent metal-containing compound and
a trivalent metal-containing compound under

conditions such that a product obtained from the
reaction mixture is a non-anioniec clay compound;
{2) low temperature treating the non-
25 anionic clay compound to obtain a low temperature
treated, non-anionic clay compound;
(3) medium temperature treating the non-
anionic clay compound to create a precursor for an

anionic clay compound;



15 the "shoul ders"” on the 43 degree and 62 degree "MOIli ke" peaks of these
‘«diffractograns. It can be seen that, as the My/Al ratio increases from2:1
to 5:1, the nmagnitude of these peaks dimnishes to a | evel where they
.becone undetectable. This is indicative 20 of a netastabl g %HF@I‘EQO@Q""S&
*with or without a small amount of nmagnesi um oxi de di ssol vea Inthe lattice.
Additionally, this result shows that alumna is present, primarily within
the lattice of the MyO and hence the term"” W@@-‘I i ke" conpounds 25 al so

m ght be applied to those HIL c o] hat, hayg_undergone pl Lcant's
Step 2 heat treatnment but no hygirT)gt M&#ﬁ%grret gg?ablpereg:l%tfrﬁo ap e A a
direct corollary to thriéMit| Alayat eshpdurd e\ticoUsbyadhSaUsSetivheE eidlaghe
presence of "too many" Mj ions 30 resulted in an excess that manifeste
itself as a magnesi unfAYRP¥dde phase. In this case, "too | ow' 25 March
2002 -53 a Mg/ Al ratio resylts jn es f 7L pa whi ch can be
regarded as a slightly rragyn'esi azJE ric c%l)%m %ggphgégm’ghi gs{wobats}%alr?/r}aftci oﬁlﬁé{s
been made in the |itetatpsends ld praeessf eompxasphg: Gastuche et 5 al,

M xed Magnesi um Al um num Hydroxides, Ca Mnerals 7, 7 (19~), particularly
noting Figure 1 therein. See aldd t BEepAEIRGuUs| yanot ckeM A r efdxEHES,

(and especi ally page e ) el i L far o) y
applicant's 10 procescg%mségh{/%got%l %H%ﬁr{tkem%?lﬁ?&g%éggng%gbﬂgfalanti o]
in the 2-4 range are & ghtyiwipded r ednediisrcdrtaiMingl r abm@odhaps haliew 2)
a HTL structure can result, but it will be mxed with alumna and or a
magnesi um al um num scfeRGLtEiEIng | BRCHh&SEL ThePISAREEt idkEadacdmefram hheof
such a syste howev | il epRal n t 3.04
Angstrons. | nni% syst?rﬁ%cg:\?i%g{gﬂal%&rgl&%a igg#naﬁ&eg?%%glg‘ygfcog‘g%ﬁhghe
lattice parameter, a, W ll incri@asesowréhtndi neghe r elin-@nibing ct onaL gy an
end 20 point associated wth nmagnesi um hydroxi de of 3.143.15 Angstrons.
Above a My/ Al ratio SFUPOUKe inker AcBephF eSSt ifAFES to increase
further, but magnesi um hydr oxi Wi C h 1 f.qr.mati on.
See again, for exanple, the prggi)ou§F§@2§ Cl teglgtM g%tg'}%e g‘?@r?élgcan%ji%%e
Gastuche et al. refercmpeunantesqaciin |y EoPlapgsdd, oheqy ABRatder ewd- The

effects of increased tenperature of applicant's activation process with

respect to 30t%ryst alRiedCt GL8YWAS™BPYR st udi ed. This study verified the
literature's pronouncenents with, 295 2002254 r&sps 0 théqeat
tenperature at which spinel is (f ())r meg %?%fnﬁk}‘i]ydrot gl cite. E‘If’:lo(‘g;rﬁeeiarrpl ee,!a

appl i cant subj ect ed a&reamed:,ci abhyamieiiablcdalgydeconpbend e teonpbtiadnt arsuch
a rising tenperature regine iﬁ or der t%erify 5 the tenperature at which
spinel is formed frofHydrtst &8¢t E°™PO% e commercial ly avail abl e

4. A process for making a hydrotalcite-like
20 compound, said process comprising:
(1) preparing a reaction mixture

comprising an aluminum-containing compound and a

magnesium-containing compound under conditions such

that a product obtained from the reaction mixture is
25 a non-hydrotalcite-like compound;

{2) heat treating the non-hydrotalcite-
like compound to <create a heat treated, non-
hydrotalcite-like compound;

(3) hydrating the heat treated, non-

30 hydrotalcite-like compound to obtain a hydrotalcite-

like compound.



hydrotal cite was Al coa's HTC 300 product (which has a 3:1 My/ Al nolar ratio
and is therefore well suited to use in the second enbodi nent of applicant's
10 invention), and it was subjected to tenperatures that ranged from 250C
to 1200C. This test showed MJO-1i ke phase formation. CM?g a;ﬁéolgc and
spinel formation comrencing at 900C. The results of so ~0 gous
heat 15 treatnents) carried out at higher heaé treat nent terrperatures
presented in Figures 11 and 12. In these incr Ased t enper ature studi es,

732C terrperature was used f or n%;w S e treaﬁﬁg
applicant's overall "acti vat| o%‘ 0 stsesg)1 g%%cggtﬁ 9| ftera utfeﬁgf%% ﬂ%?tat

this is near the upperongathndf, paeﬁeptedesenmnmwmgor maxi num HTL phase
formation. In any case, no appreC| able differences in strycture are noted
beyond those al ready noted for Fbv\ePrFE‘i“r’ﬁé’i‘%tureaactﬁ%Clté% 25 PEKEre g

450-500C) . _TGA S&J"@§tllsgg§ed %C’rﬂ?{?&l Lﬁb%gll ﬁ‘in'grhe&[ﬁgJ gdavhﬂgtr C

Anal ysis (TGA) techniqué is u y nany oratories wor to eval uate
the relative SOX sor aghegeuhnoconvatnihg 30ompdiied enhdeonposdit ivis siiuls
nodi fied technique 55 25 March 2002 eppl oys two tests, which are carried
out at different tems&@&t @r BEOA4RE ?]i"l‘%%n?%sftrqr% ta‘eS@@aCEiLERu'blerr? tifi s

aspect of the TGA test 3. Bgap%glé&gw M cgmaibout 700C in an inert

gas and 5 allowed to equilibrate.” A gas mxturé& cont'aining SO, and Oz is
t hen-introduced into the react 62) f olowoneemharatiwnre It:h:eahbm_i;d thee un@ar-st ood

that two distinct reactions are sj mul t aneousl occurrl ng, at, this point:
Oxi dation of S0, - 3S0RYERAtaletbRettiht 1‘(9“?‘%’&%9 on 8¢ t%lé EZF s f6Mned

with M0 to fior m MySQepp -er¥9tﬁf‘é|é’reéf@d r et fo%aiatklhelé‘eflbﬁl s au@l 4G

until the sarrplels saturated (nmeani ng all thé possible My cted to
formthe sulfate). The second &3jpeatedifunt heem@ydtureo tregéiagataet ments

sorbent. This is achieved through use of a | ower tenperatur "é‘é-}%‘%’:a”y
590C) and a reduci ng ¥ERBEPHEHEE TR SAMRPURSY) EosGTEALE 3 HRYF £8&i ng

studi ed rel eases theasgggggtgg(l@es_llﬁc% cHpoli@d; SOk plot for one cycle of
such a test on one of 20 applicant's HTL conpounds is shown in Figure 13.

Met hods for- Formi ca HTL Conposi4)i orfsydatitdmgacr éhs Thpréﬁﬂ_rsnmpodlmds o& this
i nvention ca be for into varioys shapes (partic|es 0 r oi daI
particles, rudat eg?’gﬁcéﬁ]g‘ﬁst)e li%an 1 558 g ﬁlﬁ r%ﬁﬂ’gﬁ’ aﬁ'ﬁéﬁ
conpounds made by prigkeacémp@iesses. These qualities make applicant's HTL
conpounds nore useful for certain applications e.g., catalysts, sorbents in

general 30 (and SOx sorbefts im pupcessi| 4pF, rrtaémnaxcmatmgbro&éwcetts tékeg.

for water SOfteners)compounéiesald process comprising:

(1) preparing a reaction mixture
20 comprising an aluminum-containing compound and a
magnesium-containing cbmpound under conditions such
that a product obtained from the reaction mixture is
a non-hydrotalcite-like compoung;
(2) converting the non-hydrotalcite-like
25 compound into a desired physical form;

(3) heat treating the non-hydrotalcite-
like compound to obtain a collapsed, heat treated,
non-hydrotalcite-like compound;

(4) hydrating the collapsed, heat

30 treated, non-hydrotalcite-like compound to obtain a

hydrotalcite-like compound.



25 March 2002 -56 according to the teachings of this patent disclosure,
“such physical fornms will display greater resistance to wear, attrition, or
i npact, as well as inprovenent (i.e., increase) in the bulk density of 5
.the HTL conpounds forned by applicant's nethods. The fol | pyvipgchapbe2! V
summari zes i nprovenents in two physical properties (i.e., attrition index
and apparent bul k density ("AHD')) for various sanples that were spray
dried into particle forns 10 and activated ac®rding to the teachings of
this patent disclosure. This activation nethod woul d al so_be, applicable to
ot her physical forms of sUch HEL RESFSEFNdSOT eMgkingxtd uBat @5ivedl | kaxd or

(Step 1Activation) "3 SOPROIREFER e SRR s sy St e 6 o
1Activation) 150.365My/| Al (St ép) 2Astépatiran) 0.8650. Fehatidppar emixture

Bul kDensi tyThe 2My/ | Al sanpl e described . inTable |1V al sowas subjectedto an
addi ti onal ~heat t r eat FORPTIEERIt B2 EGLEMHRURRFONERAYRERGn 2 hRzd et edrGer

hasbeen descripedas aaqRRLhaRALdnt £LLY péecgk?;p@ﬁyd% Pabhds O oddHRA et

di scl osure. This additi"onal heati ng ornmed to show t applicant’s
"activation" was of thaevarprbdectadibteinatefiriong thiee rphysiionl mixnpey tilses do
not revert to the original activation values. Therefore, applicant
considers 25 March3286%at5veliesqftod M asrIchES -Lake| GafPHdt 0 be new

conpositions of matter. In any S r.esul t f th pr, Ss are
shown in Table v. FABLE V HTL g)?rpgqs?&t\)iﬂé%r?.ﬁﬁttrﬂl?on Flﬁgégi‘i (g/s%?)%'

(ASTM 2My/ | Al (St ephfdictaVatteon)ike: TdufhndVyHtd o Stem Suidtablat ifor)
0.54 0.96 2My/| Al (Additional heat to 0.B1 0.80 732C/ I hr.) S A-pl~ity of
Activation Prdcess tB®RraSHZLFAMGUHds which Crystallize with HTL

G o ‘heat treatmont 1ol loned by Hydhat o oo telaparias 1oL B SS

conpounds that are ubpdrasaktirdqlgenmiompoans to obtain a heat treated,
precursor for a relatively hard, hydrotalcite-like
catalyst; and '

15 (4) hydrating the heat treated, precursor
for a relatively hard, hydrotalcite-like catalyst to
obtain a relatively hard, hydrotalcite-like
catalyst.

8. A process for making a relatively hard,

20 hydrotalcite-like catalyst, said process comprising:

(1) preparing a reaction mixture
comprising an aluminum-containing compound and a
magnesium-containing compound under conditions such
that a product obtained from the reaction wmixture

25 ig a relatively soft, hydrotalcite-like compound;

(2) converting the relatively soft,
hydrotalcite-like compound into a form suitable for
use as a catalyst;

(3) low temperature treating the

30 relatively soft, hydrotalcite-like compound to



_in the second enbodi nent of applicant's invention. That is to say that a
HTL conpound can be heat treated to forma "coll apsed” or "netastable"
material that can be rehydrated in the same nanner 15 that the heat treated
.material of the first enbodi ment of applicant's inventio d d. If
50 heat treated, the hydration process of the second enbg%lm?\'{%o?@?gi S
invention wll result in formation of a HTL phase. Here again, applicant's
20 activation process inproves the physi cal Tisracteristics of the HIL
mat eri al s produced by i S | e i ov. i-ncl , but
are not limted to, ioﬁ%%&\?le% (r)rfecgﬁa%?lﬁg%%‘#eg]ng?ﬁe%%ggd’deﬁgsrlf%ﬁ'oefﬂfhsueo ar med
shapes (e.g., FCC 25mamrdtaliesteflKed datbdqald;ets, ani on exchange beads,
25 March 2002 -5e etc.) relative to conparabl e conpounds that do not
experience applicant's activati®h prestieds. |tempesatymeul dibeathined et
for those materials [ ; onp f.r HTL .sfart] erials
(i.e., the 5 second 2%%%@%&%%?15%5§%p|ic n §aﬁ%g§ﬁt#6§%, %ﬁ@nggéltFﬁg HTL
phase may or may not cheaexactay ipderuireal t oféhe <f ar kedgtifFfdlphasard,n
terns of exact identity of Eeak position and intensity), but which wl]l
nonet hel ess di spl ay &VBaPF§L1fHedtt¥hansadalysyrLag8npound peaks and possess
t he above-noted i nproved physi ¢al t.eristigs. T IS vange, an
exanple is given of a HIL containin (Elglglr belFlﬁt§ (é?%@%éd&%y kgo N%bel
under the trade nanerellaDECERY )hhbai wasdiwbpledtedlilite t ocapalysant ts
activation process. The follow ng TABLE VI summarizes the physical .
characteristics of tREBERFD- coft ai AEAFELERIOsI thawd, beflydretifd citeatike
Applicant's qgtivatieg Qi?g@ss. TABLE VI HTL Conposition KDc, SOX KDESOX (as
recei vedi "Activated B\tt ition Index, ASTM 1.8 0.77 Bulk Density, g/cc
0.81 0.97 20 Thus, the physical propessi éox( stakinohes eraSaeiveiyi hardndex
and bul k density) of_ a_commerci al_ ,avail abl e HTL conpound made into FCC
particles can be i npRBIERAL#EFKENN XSy suifxect BRFPEREM t 0SAPPI | cRAPCESS
Activation process. gngi%iané:hi s invention has been described with respect
to various theories, speciftic exanples and a 25 March 2002

- (1) preparing a reaction mixture

15 comprising an aluminum-containing compound and a
magnesium-containing compound under conditions such
that a product obtained from the reaction mixture is
a relatively soft, hydrotalcite-like compound;

(2) converting the relatively soft,

20 hydrotalcite-like compound into a physical form
suitable for use as a ébx sorbent;

(3) heat treating the relatively soft,
hydrotalcite-like compound to obtain a precursor for
a relatively hard, hydrotalcite-like SO, sorbent;

25 and

(4) hydrating the precursor for a
relatively hard, hydrotalcite-like SO, sorbent to
obtain a relatively hard, hydrotalcite-like SO,
sorbent.

30 Because the HTL compounds of this patent

disclosure are harder than HTL compounds made by



-59 spirit which is conmtted to the concept of the use of an "activation
process” that is based upon heat treatnent and hydration of coll apsed,
HTL-f orm ng) conpounds, the full scope of this invention relates 5 to such

.activation of anionic clays in general; hence the full seage '
invention should be regarded as being [imted only by theQ?I I>31/@frrrc1§|1‘t d?tz
fol | ow. 25 March 2002 -60 Thus, having disghgged this invention, what is
claimed is: 1. A process for tnalcing an anionirc clay conpound, said

process conprising: (dyidFeRAEi BoBeb8aS! | PRl HLUEBAEORPHetHAS durd nt
met al - cont ai ni ng corrp%uJF\d and S‘Baot ?lévafent ?ngfr goﬁt ai ni ng c%glrrpcl)%ﬁﬁ%%ﬁder
conditions such that herageculobtdficedff ronmcahelyefctaronsarként e siystam

non-ani oni ¢ clay conp unq% %%)sheat treati ng the non-anjonic clay conpound
n -

to create a heat treat®Hf RP8RI ERLRYER. T FifffoumRtESin@r ( 3} *AJdP&Ei ng
the heat treated, nong{ )i C LAY HeOMRQYERHaEE  Obt ﬁhﬁlién S Y G 3Y

conpound. 2. The process of claim1l wherein the a .Adli.c clay conpound

is subjected tD a secmmithledt’ st r datrnesdrbent Lor musefadl | Apfed'widli obakecl ay
conmpound. 3. The process of claim 1l wherein the groduct obtajned fromthe

reaction mixture is IRWi%enpeieR uretfeaftld afomPPRRDRr aPhir eEPdgs P2RGRE
2S0C. 4. The process ffsblqPel YT §kBqat ey heddid " 8ghl NG e the

[l -anionic clay conmpound Is carried out at a tenperature betmé%d a%%ut
300C and a50C. hydrocarbon cracking or forming catalysts, SO,
sorbents, etc., or when these HTL compounds are used
10 as binders, watrices, supports, or carriers for
other catalytically active materials (e.g., when
they are used as binders for S0, — SO, oxidant
metals).
Thus, using SO, sorptioh in a FCC unit used to
15 refine petroleum as an example, the method of
extending the wuseful life of an S0, sorbent (or
catalyst) may be expressed in patent claim language
in the following manner:
A method for extending the useful life of a SO,
20 sorbent system used in a FCC unit being employed to
refine a petroleum feedstock, said method
comprising: employing a HTL compound made by use of
a process of this patent disclosure as a SO, sorbent
system in the FCC unit and wherein the HTL compound
25 is in the form of a microspheroidal particle species
whose primary function is sorbing SO, produced by
refining a sulfur-containing petroleum.
Such a HTL compound-containing particle species
may further comprise a binder agent selected group
30 consisting of magnesium aluminate, hydrous magnesium

silicate, magnesium calcium silicate, calcium



25 March 2002 -61 5 non-anionic 5. The process of claim1l wherein theLa~~a
~ clay conpound is converted into a particulate physical formprior to

bei ng heat treated and hydrated. . 6. The process of claim1l wherein the
.reaction mxture further conprises a netallic oxidant sel ﬁ)g Eh 6£1e
group consisting of ceriun) vanadium platinum palladium™T A %B
iridium nolybdenum tungsten, copper, chrom’_g?\_ni ckel , manganese, colalt,
iron, ytterbiumarid uranium 7. The process claim1 wherein the anionic
5 5 10 clay conpound [8q | gha it h a Jt.[.on ai nj a iC
oxi dant sel ected Fr orr%f%ié%%'up %&fﬁP%' St |°%3I"g I“cercl’%t}'nra:e vaéllg iur%lﬁ&gun

pl ati num pall adi uqy ahadinene.iri di um nol ybdenum tungsten, copper,
chromium nickel, manganese, cobalt:, irov, ytterbiumand uranium 8. A
process fox making an ani FHRFESSEY cofipRARRHasEdast sPFEAAS, s&UERpracess
compri si ncd: (11 prepadifgs a feacCkiOOngiXL: Wik CYIRELT | P98 diyaleng

nmet al - cont ai ni ng conpound, a trivalent nelal-containing conpound, a *
~eri uncont ai ni ig conpddict jared £yt donprderidaidt g soONPeURd, UBdEHation
conditions such that a product obtained fromthe reaction yixture is a
non-arilonic clay corffiiidstePantcdft BAFDEHcBRMPEARBF ¥8AAdi unctont ai ni ng

compound m xture; 25 Margh 2QQ 1'?&%%&&%‘6”%‘&96108 %'t%g&' QY Gyfd 3y
conpound/ cer i um cont ai ni ng "conpo nadl vanadi ancort ai ni ng conpound m xture
into a mcrospheroi dflodfmorof satt abhetf aiwdisphysi @al3GX shsthiait pardiPldeat
t xeating the non-anionic clay conpound/ceriumco~rtaining .
conpound/ vanadi uncontSHeGi%§ HRFRIAD & flaeE Raridedet SBBUES oCOMEINF a

col | apsed, he treated, n-ani opi ¢ cl ay_conpound/ cerium.containin
conpound/ vanadl um 20 t?’(?nt §|8hi ng c%gﬂpoaﬁaxﬁggz? reid j)y%ng?‘Pﬂﬁe?%eg@d
col l apsed, heat treatedrie@n-oaiti GNigr Gy, CORMIIYGY Y | SR CIUTR) NG ur
conpound/ vanadi um cont ai ni_ ng conpound m xture to obtain an anionic clay

conpound/ cer i um cont &ieAge2% oc GvaduRd/SrdRRdidemARehttdien| SRFARshRARYd C Le
material suitable fo%p%%?egsig gﬁ%sf5gf¥vnseparate and distinct from the

first particle species and carries out a primary

15 function of sorbing the S0, produced by the SO, —
S0, oxidation catalyst;

(2) employing the SO, —» SO, oxidation catalyst

in the form of a particle species that comprises:

(a) a sulfur SO, — S0, oxidation catalyst comprised

20 of a metal selected from the group consisting of

cerium, vanadium, platinum, palladium, zrhodium,

molybdenum, tungsten, copper, chromium, nickel,

iridium, manganese, cobalt, iron, ytterbium, and

uranium; and (b) a binder made from a material

25 selected from the group of metal-containing

compounds consisting of hydrotalcite-like compounds,

calcium aluminate, aluminum silicate, aluminum
titanate, zinc titanate, aluminum zirconate,
magnesium aluminate, alumina (Al1,0,), aluminum

30 hydroxide, an aluminum-containing metal oxide



9. The process of claim8 wherein the anionic clay
" conmpound/ ceri um cont ai ni ng conpound/ vanadi untont ai ni ng conpound material is
subj ected to a second heat treatnent to forma "collapsed” anionic 5 clay
_form ng conpound/ cerium cont ai ni ng conpound/ vanadi um cont ag gund
material suitable for use as a SOx sorbent. 10. A processg?gwgﬁgﬁ?gg a
hydrotal cite-1i ke conpound, said process conprising: (1) preparing a
reaction m xture conprising an aluninun}conté?%Tng conmpound and a 5
magnesi um cont ai ni ng ﬁg@ Qid u ondi;tj.ons 1 25 2002.-63 10
that a product obtaine 23rom t hggrgéagti g#dﬁ xtﬁ?gﬁlpgaa (Al\i%ﬁn ! glay,
non- hydrotal cite-| i keic@adw)d; titda heedlidgat¢Dgyt B&d clay/phosphate
non- hydrotal citeli ke conpound to create a treat treated,
nonhydrotal cite-|i ke M@&®¥dddd; a38Ad i 31 hydrating the heat treated,
nonhydrotal cite-1i ke conmpquynrd . OQt al ydrQt itelj ound. 11
The process of ~ claiml Oq\%ﬂerggﬁgghgh}%ycaﬁ%t ab%c’?]g%ﬁ:kedolé%r?%%%d J’Pls the
subjected to & seconddimat 44 eakneslecbadf oparaicleol Iapked cdnplfigleal cid e
conmpound. 12. The process of claim 10 wherein the product obtained fromthe
reaction mxture is h¥aFregadciserdiperacarporeds mAdA 2bYC uss. Phe pFbcess
of claim 10 wherein t, Lreatl § n- talgi.te-l]ke
c~onpourrd is carriedggﬁgggﬁléﬁt n%gg% ufgpggg%kéﬁxgﬁgughgb%g %%d 8S0C.
1.n . The process of ironThydrateieat ton igdedsCaiRpoindopaet ussll & Step

physical formtreated and hydrated. claim 10 wherein the is converted into
a pr| or to bei ng heaﬂ. and tep 2 (Or Steps 1, 2 and 3) upon a non-

10 hydrotalcite-like starting material or a
hydrotalcite-like starting material. Any of the HTL
compounds may be used in FCC systems wherein the SO,
sorbent particle species comprises from about 10 to
about 90 weight percent of the overall SO, additive

15 system (i.e., the SO, sorbent particle species and
the S0, — SO, oxidant particle species). Such an
overall, SO, additive system will, in turn, normally
comprise from about 0.5 to about 10.0 weight percent
of a bulk hydrocarbon cracking catalyst (e.g.,

20 zeolite) SO, additive system.

Next, it should be understood that the HTL
compounds made by any of these methods may be used
in any way that the prior art has used hydrotalcite-
like compounds made by any prior art method (e.g.,

25 they may be used as sorbents and especially SO,
sorbents, hydrocarbon cracking catalysts, e.g., for
use in fixed bed or fluid bed systems, catalyst
carrier or binder materials, anion exchangers (e.g.,
water softener agents, etc.) acid residue

30 scavengers, stabilizers for polymers, medicines,

etc.). Applicant’s HTL compounds are, however,



15 . "L'he process of claim10 whare i n tht~ reaction mxture further
‘conprises a netallic 25 March 2002 -64 5 S 5 10 15 oxidant selected from
the group consisting of cerium vanadium platinum palladium rhodium
jridium nolybdenum tungsten, copper, chrom um nickel, obal t,
‘iron, ytterbiumand uranium 16. The process of claimlO %Egggﬂﬁ§?98%
hydrotal cite-1i ke conmpound is inpregnated with a solution containing a
metal lic oxidant selected fromthe group consB8ting of cerium vanadi um

pl ati num palladium rhodjum iridium nolybdenum tungsten, copper,
chronium nickel, .nePRpReEardobaiselulr yrergt EBe ba ks B as fi physigalAa
brocess Lor rmking.a duatadl ol ! ealibhfecomroud based. 00 S, sald
process conprising: ( prepdring a“reactfon m xtdie conprising an

al um num cont ai ni ng caspatid)l ya deadiiesi Uer.gor, : wakehi BegOoAPOUAEedain FCC
cerium contai ni ng conpound and a vanadi um cont ai ni ng conpound under

condi ti ons such that YW¥rbhdRt otftai FOFLERSH t hEataaveFen ARt ueatakyst
non- hydrotal cige-li kg Giderd gchggggggQg~containing

conpound/ vanadi untont ai ni ng conpound m xture; (2) converting the

non- hydrotal cite-like c~rir~m conmpound/ ~.~-'" a~ containing conpound/ vanac3
i uncont ai ni ng conpound m xture into a m crospheroidal form suitable for use
as a SOx sorbent ; (3) heat treatin_g the non-hydrotalcitelike
conpound/ cerium contai ning COitpQU | d/ vdnddi unl 25 March 2002



-65 contai ni ng conpound m xture at 300C to d50C to obtain a coll apsed heat
“.treated, non-hydrotalcitelike conpound/cerium containing conpaund/ vanadi um
20 contai ning conpound m xture; (4) hydrating the coll apsed heat treated,

ce riumnon-hydrotalcite-like compound~c.~. ~ containing o5 March 2002
~conmpound/ vanadi um cont ai ni ng conmpound m xture to obtain a %yﬁrotalcite-like
conpound/ ceri um 25 cont ai ni ng conpound/ vanadi ur n- cont ai ni ng conpound

mat eri al suitable~for use as a SOx sorbent. 18%-The process of claim 17
wherein the hydrotalcite-like compound is subjected to a second heat
treatment to forma "coll apsed"” hydrotal citeformng

O MR T B NHRASWEREPound mat eri al
suitable for use as a SOx sorbent. 19. The process for rnaking a Fi Tr~
conpound whose XRD pat t er fripasentl a% thatrs Qunekd st LEDD £abgg3a 965, ang
suitable for use as a aOX sOrbent, said process conprisiry 1? preparing a
reaction m:cture coffii preguagozl alunuym cont ai ni ng conpound, a

magnesi um cont ~~i ni ng conpqound ceriu ontainin onpound and a
vanadi um cont ai ni ng comg%ﬁﬁuﬁﬁdgr .1scc?n§h o??sat"sﬁféﬁ ’ic%ta az%?g’d’g]ctr%rb%%i ned
fromthe 10 repcti onpgfXigheursod HlufegmPoMngnheRae nXRA1patterih L sy does
not resenble that of | card 35-965/ 25 March 2002 -66 containing

conmpound/ vanadi um comhkeaitneggdcatpabout nd xt88°€;.. (2) converting the fi TL
conpound whose XRD 15 pattern does ,not resenble that of ICDD/card 35-cerium

965J~e~- Ta cont ai ni . ng coRp8HRa/ vardditurkRloRadi titiy TmPo B mAd it o a
m crospheroi dal for mygyi fdsRh US® 3 P 59K PERL: SG3¥rheqast | ng

t he HTL conpound whose 20 XRD Satternrggés not reseng%esthafpo?&fcfﬁg%grd
35965/ ceri urn-cont ai Aeg gD UaL/ wdoadi B -EBECal fbdd Na7 1onkeeu ndhrabildl eat
300Ct. 0o 850C toobt ain acoll apsed,  heattreated, 1-1TL conpoundwhose
XRDpat t ern ddds not r E88RbEBE HBRESF 13 RCfey ¥BE. 1s5dgpsireed | tin BEHTE Ring
conpound/ vanadi um cont ai ngk nppu mxtur €nw( 4y hydr at i h .

col | apsed, heat treated, hggufgcoér)rpgﬁsnd %OSZKRQRD}EBgt t ér nér%/elsﬁno?artels?errbl e
that of I CDD card 3 pr86brserrmateebal athanghas been heat age treated;

and wherein the effects of an amorphous phase
associated with that crystalline phase 2Mg/1Al ratio

15 HTL precursor have been subtracted from the XRD
pattern.

Figure S5 depicts (via XRD pattern changes) the
various phase changes that take place as a result of
the activation process of this patent disclosure.

20 Figure 6 gives the XRD pattern for a 2Mg/1Al
ratio HTL phase produced using applicant’s
activation process in a case where the starting
2Mg/1Al ratio HTL precursor slurry was not heated.

Figure 7 depicts the XRD for a 2Mg/1Al ratio

25 HTL phase produced by applicant’s activation process
using a heated 2Mg/1Al HTL precursor slurry.

Figure 8 shows the XRD pattern for a 2Mg/1lAl
ratio phase material plus oxidants made by

applicant’s process.



30 conpound/ vanadi m-~:ontar11111c~ c:onpoand m xtwP to obtain a

-rel atively hand 11 TL conpound whose XRD pattern (neg7ectin~] the effects of
ceri_a) resenbles that of I1CDI) card 3 5-965/ceriumcont211lnLIl 1~

. conmpound/ vanadi um cont ai ni ng conpound material 35 sui tabI? f“% #5980 §2 a
*SOx sorbent . 20. The process of claim19 wherein the Fi E corrpoun

WIOSE' \RD pal.tern (nee3le~:t.in~J the eLfect: s coriumof ~ resenble:

that of 1CDD card 35-965/ceriurnC: Ul Cai ni n~-41-

CU | | pA | nd/ vanadi um cont ai ni ng conpound 5 m xture is subjected to a second
heat treatnent t:o 25 MIHEWI2002 -BPwWsor fhanctMer fogol 2 apfd/dl Hiystem
conpound whose XRD patt.er es et

35965] cerium cont ai’ n?ar%q'(‘:%rtr:%gu %‘? ﬁé’gﬁ%%&?ont ncfér%sSIC(C):lr:lr)lpl%)cti)uné1 r‘r"‘aetllelr %ﬂe
suitable for use as ayS@ensdakeat sMgl1al peDLessatfiey. making a rel atively
hard, anionic clay conpound, said process conprising: (1) converting a

rel ati vely soft anionic CIF&Q‘J@érrﬂ-@urﬁFHllqttSO Bhe orAfRe S aBf e af cMemPWses 5
sel ected from he grq 25'??@ of t:cat | ysis) chem cal !ﬁ’é es sor tion)
SOx sor_bi nc~ and ani 5ﬁ |n3 rea (“551 he&" t rRERTHG FChe BESS i VE

soft, anionic clay cggaa_guﬁdsto cr eate a heat treated) nonlO anionic clay
corrpound and ( 3 ) hydral.ing the heat treated, nonanionic clay conpound
to obtain relatively hardFlanrsniLé éha‘ySc&Wpoﬁnu aZQMQMAb/@Fm (€%e.cl ai m

21 wherein the heat reat| n "%‘ e re%1 tlvel ft anioni cldaytco ound
is carried out at a t rrp%Yi &t \ee %bocﬁi a%??S@é& 23"

process of claim 21 wheegkrBothg1tfl@td Mmedy ahacfrﬁa rﬁfﬂfronh‘:%z@é Waf&rH&‘E‘iB
subj ected to a second heat treatnent to forma "c=oll apsed” anionic ¢ ay

conpound. 2% Marchap@0®here@n8the oxidants were added to a precursor
slurry.
Figure 12 shows XRD for a 3Mg/1Al oxidant (Ce,
V) system wherein the oxidants were added to a
precursor slurry and wherein the system was
15 activated through use of applicant’s methods at
732°C.
Figure 13 is a TGA/SO, Sorption and Release
trace for a 3Mg/lAl HTL system prepared by

applicant‘s process.



24. The process of claim?21 wherein relatively hard, anionic clay is
subjected to a second heat treatnent at a tenperature between about 300C
and about 850C. 25. The process of claim?21l wherein the relatively hard
.anionic clay conpound is inpregnated with a solution contag 'g,g:hazg?kal lic
oxi dant selected fromthe group consisting of cerium 5 vanadium platinum
pal | adium rhodium iridium nolybdenum tungsten, copper, chrom um nickel,
manganese, cobalt, iron, ytterbium and unani af2-26. ~1 process for making a
relatively hard, hydrotalcite-like conmpound, said process conprising: (11
converting a relatively soft, hydrotalcite-like conmpound into a form
suitable for 5 end uses sele L) Seps | gRt al ysi s,
~0O,~ absorbi ng and ani on exchangl ng; eat treating the relatively soft,
hydrotal cite-1i ke conpoun I at '3 = lci.te-d i ke
conpound; and 10 (3) hydr g%‘%%\hgctﬁ?gilgﬁegpgtgr %g%éﬁé%gﬂhiﬁm cfyt g%oﬁllc%éln%d
conmpound ro obtain a withtiaeignivar dcldwyslr oiml cgepekrake cobpodsd. mdaLtlVtie
process cn claim2G wherein the relatively . liaid, 1-iydrotalcite-Ilike

compounc~i i.s subj ectetPi'o 3 SectihtPFht IHPEUFRLARS| =£AGon? B ot*REK 10T
"coll apsed” hygrot al cydmErd LAHNY TP Y Ehose 2niMBIEN 2092 1A3wr 3528
The process of claim 26 wherein the Beat treating of the relatively sofst,
hydrotal cite-1i ke conpolrutalsitarilikd OUHTRY) acompperdd ur dppdtiwaen dbest
300C and about 850C. %&9 The process _of claim?2G wherein the re|atively
soft, hydrotalcite-Ii S REFANTE (1 BTty &TRGUPHE0 25 SdBEF QBFetBﬁyg‘PESI
formprior to being healsitineaawnaldeRYdhdbgdc 39ayTRBmPHARESS ©3) CEH%?‘ 26
wherein the relatively soft, hydrotalcite-like conpound is Alcoa' s HIC 30t
hydrotal cite product.are the most well studied and reported anionic clay

10 compounds 1in the literature and because (3) they
are, in fact, the most preferred compounds for
actual practice of applicant’s invention. The
crystalline structures of soﬁé of the more preferred

forms of HTL compounds for the practice of this

15 invention reasonably resemble those of: (1)
magnesium aluminum hydroxides, (2) magnesium
aluminum hydroxide hydrates and (3) magnesium
aluminum hydroxide carbonate hydrates. They are
preferably made from compositions primarily

20 comprised of (1) a magnesium-containing compound and
{(2) an aluminum-containing compound (e.g., an

alumina sol, alumina gels or crystalline alumina)
and, optionally, (3) other ingredients such as metal
oxidants and binder materials commonly used to make
25 certain end product forms of such HTL compounds (FCC
catalysts, SO, sorbents, anion exchange pellets,
ete.).
Some particularly useful magnesium-based
compounds for creating applicant’s HTL compounds

30 will include magnesium hydroxy acetate, magnesium



~31. The process of claim26 wherein the relatively hard, hydrotalcite-like
-conpound is inpregnated with a solution containing a netallic oxidant
selected fromthe group consisting of cerium vanadium platinum
.palladium rhodium iridium nolybdenum tungsten, copperpsasA 2o0Ri ckel,
‘manganese, cobalt, iron, ytterbiumand uranium 32. A rret%od for extending

t:he useful life ~f a SOx sorbent systemused in a |I'CC unit being enpl oyed
ro refine petroleum said nmethod conpri sing: éﬁrpl oying a Ti TL conpound made
by use CSC a process of this patent disclos as a SOx sor,bent systemin

the 1: CC unit and whFeFare: he“EB?ES&BH‘poHK r‘??ﬁl‘?‘he fRAgRegiuy nitrate,
m crospheroi dal part 'rﬁéﬁnéﬂﬁﬁd g’érdro%é.cMar Qlthg%%g%.um QarboWdpse REHH@EKum

function is sorbing SOX produc by refining a sul fur.-containa

petrol eum f eedst ock. B3rmdfiee nmagnelsmﬁmclcmhmﬁaev\hemegmesm S@Xumdmheat
conprises about O. 5 out 10.0 we ercent of _.a bul k hydrocar bon
cracki ng catal yst ‘g’%ﬁ"ﬁen{“ag’i}g?é %lﬂ?éenef‘ﬂ?)d f%ﬁgna%z‘m 382 hfREPBi n
the m crosphergi daI paair]'_tlcqt%_spem es furt her conprises a SO -~ SO- oxi dant

netaa. selected fromthc~ group consisting of cerium vanadium platinum
paI | adi um rhodi um nol ybtﬁ@umn) tpmgsitari,aqu'pperusetubm ualunigket based
iridium manganese, cobalt ro ytterbi,um and uranium _35. A net hod for
ext endi ng the usef ul q‘?“fpé”"élfls %@2 SHAAGIY SPRPEATHUNT i §8l ofomPasds -

SO, oxidation catal yshlal”dlﬁcﬁ%e S QN inBiHunC OBEE £ A8é NCa 1Lkl nBAP! Q¥ A 4 e
~Ox additive systemin S the formof at |east two physical ['y distinct

particle species wheradiumizuf rBydpaxidel e alpacinam coarbpnate he B@mirunBO,
oxi dation catg|yst c onent and.carries o primary_ function of

oxi di zi ng suII?QJr di oxi a?& rsul FUPTHPY R oéua?ﬁddtehe séé’gﬁ‘auﬁo YTy
speci es is physicall )éﬁ‘il%&'i:ét gna@ngh @hshimdatfdiom theitkhtet Paf tind & 8eci es
and carries out a primary function of sorbing the SO produced by the SOz

-a ~O~ oxidation cat ®#ifysthe fizstMemiedioent- df (ehienpnygrhionhe tI@se >

SO, oxidation
i magnesium-containing compounds and aluminum-

containing compounds should be employed such that
15 the product of their initial reaction does npot
produce the HTL compound that will ultimately be
produced by applicant’s invention. By way of
example only, HTL compound formation by this initial
reaction can be thwarted at this point in the
20 production process by employing any synthesis-
influencing factor selected from the group
consisting of (1) use of 1less reactive magnesium-
containing and/or less reactive aluminum-containing
compounds (e.g., use of hydroxides instead of
25 acetate forms of magnesium), (2) use of particulate
ingredients rather than those in true solution, (3)
use of relatively short reaction periods (e.g., less
than 0.1 hours), (4) use of ‘“neutral” pH levels
(e.g., 6-8 pH levels) and (5) use of relatively low

30 temperature reaction conditions (e.g., less than

30°C) .



15 catalyst in the formof a particle species that conprises: (a) a sulfur
SQZ ~ SO oxidation catalyst conprised of a netal selected fromthe group
consi sting of cerium vanadium platinum palladium rhodium. nolybdenum
.tungsten, copper, chromum 20 nickel, iridium rranganese,2§maarlcfl,2¢6 n,
ytterbium and uranium and (b) a binder nade froma material Sé€lec from
the group of netal -containing conpounds consisting of hydrotalcite-Ilike
conmpounds, cal ci um al umi nate, alum numsilicat®-alumnum 25 titanate, zinc

titanate, alum num zir conakﬁdi@gﬂg?%}ym ﬁégour?g?l%fee’o}ﬁg:t%a?pégdﬁﬁ?’é)sé%?w han

al um num hydr oxi de, an al um nuntcon

alumina (AIZO))), clawnezkr60RkR, shhteibds Bi!d CA o Pt 1300 o¢! 8% Phogphat e
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] ca] ca] ca] ca] gg] cal ca %a TS MY Yy seb ool 3LaTbRThaRl Sokan! 28I
be associated with the HTL compounds of this patent
disclosure by impregnating dried forms of these HTL
compounds with solutions containing ions of such

oxidant metals.

15 Ingredient Proportions
TABLE I illustrates some representative
relative concentrations of several HTL compositions
that can be made by the teachings of this patent
disclosure that are especially useful as SO, sorbent
20 formulations. They afe given in Table I, on a dry

oxide basis, both with and without oxidants.
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constitute up to about 99 weight percent of an
overall catalyst or sorbent material (be it a
microspheroidal particle, pellet, extrudate, etc.)
15 in which the HTL compounds of this patent disclosure
are employed. By way of example only, such
catalyst, SO, binder or matrix-forming materials may
be magnesia, alumina, aluminum-containing metal

oxide compounds, aluminum hydroxide, clay, zirconia,
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sorbent catalysts (as well as any other solid forms

of these HTL compounds) may, more preferably,

comprise at least one HTL compound made by the
10 processes of this invention and at least one,

chemically different, binder, matrix, support, etc.

material for that HTL compound. For example, a SO,

additive catalyst intended for use in a FCC unit may

be comprised of a hydrotalcite-like compound
15 supported by, say, a calcium aluminate binder.

Next it should be again noted that when
applicant’s HTL compounds are used as SO sorbent
components, or catalysts or anion exchange agents,
etc., they may be so used alone - e.g., as separate

20 and distinct SO sorbent particles or they may be
used with other active materials which may be
present as different particle species or as
components of the particle species that employ the

HTL compounds of this patent disclosure. By way of

25 example only, such particles may be provided with
their own So, - SO, oxidation catalyst
ingredient (s). Moreover, one or more particle

species that make wup applicant’s SO sorbent
component (s) may be - as an option, and not a
30 requirement -provided with S0, — SO, oxidation

catalysts selected from the group consisting of
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uranium. Of these possible SO, — 80, oxidation
5 catalysts, ceria and vanadia have proven to be a
particularly effective SO, oxidation catalyst when
an SO, oxidant is used in conjunction with
applicant’'s HTL compound based, SO, absorbents. It
also should be understood, however, that SO, - SO,
10 oxidation catalysts of this kind also could be
placed upon an entirely separate and distinct
particle species that 1is admixed with those
particles that are made with applicant’s HTL

compounds.

15 Preparation and Processing

As previously discussed, the first embodiment
of this invention, among other things, requires that
an amorphous and/or non-crystalline HTL phase be
present at the end of the slurry or precipitate

20 preparation step. A diffraction pattern for a
representative material of this kind is shown in
Figure 1. Figures 2-3 show the effects of “low
temperature” (i.e., 1less than about 100°C) heat
aging the material whose XRD pattern is shown in
25 Figure 1. These figures show the presence of
gsignificant amorphous phases, as well as non-HTL
crystalline phases. The particular materials
associated with these figures were prepared using a
2Mg/1A1 molar ratio. In one case, illustrated in

30 Figure 1, the slurry was not heat aged, while the
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10930{0&f()';?K erlaf)whose th pgttern ?s shgwé Zﬁ Ffaures 2 and
~ 3 was heat aged at about 80-85°C. Figures 2 and 3
show that upon being subjected to such low
temperature heating, a new crystalline phase
5 nucleates and grows with increasing aging time.
Figure 4 shows the—crystalline portion of the phase
that was shown in Figure 2. That 1is to say that the
effects of the presence of the amorphous material
that are present in Figure 2 are “subtracted out” of
10 the XRD patteran shown in Figure 4.

Figure 5 shows the changes in crystal structure
at various steps in applicant’s “activation”
process. The top two «curves in this plot
(respectively labeled “2Mg/1Al Precursor before heat

15 aging” and “2Mg/1Al Precursor after heat aging”)
already have been discussed as part of the previous
discussion of Figures 1 to 4. The trace in Figure 5
labeled *“heat treated” 1is representative of the
observed phases of HTL structures following Step 1

20 of applicant’'s activation process. The trace

labeled “heat treat+hydrate (activated HTL)*” depicts

the results of Step 2 of applicant’s activation

process. Clearly, an HTL structure has been
created. This is evidenced by the presence of all
25 major peaks of an HTL compound, including peaks at

about 11.271 degrees, 22.700 degrees and 34.358
degrees manifesting their presence. It also should
be noted that Figure 5 includes the effects of the
CeO, component that was added during the synthesis

30 reaction and whose most prominent peaks manifest
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Figures 6 and 7 plot the XRD pattern for a
2Mg/1Al HTL compound that is produced wusing
5 applicant’s activation process. The compound that
generated Figure 6 -was derived from an un-heated
slurry, while that for Figure 7 was heat aged. The
“stick diagram” (vertical lines of different heights
at the appropriate 20 positions) for the ‘“best
10 matching” ICDD card is superimposed on each of these
two plots. In this case the “best match” was with
ICDD “card” 35-965 for Mg,Al,(CH),,~4.5H,0. It also
should be emphasized here that certain other ICDD
cards (e.g., ICDD card 22—700 for hydrotalcite)
15 reasonably “*matched” the peak positions and
intensities to give reasonably close correlations,
but this particular HTL compound has 20 peak
positions that are nearly identical to those of the
35-965 card. This HTL compound also displayed XRD
20 intensities which had the fewest inconsistencies
relative to those of the several candidate cards
that were considered. The lattice parameters of
both the aged and non-aged slurry example are
compared in TABLE II with the “best matching” card,

25 namely, ICDD card 35-965.
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ICDD Card 2Mg/1Al1 HTL 2Mg/1Al HTL

35-965 (not aged) (aged slurry)
a, Angstrom 3.054 3.057 3.060
c, Angstrom 23.40 23.05 23.08
alpha, degrees " 90 90 90
beta, degrees 90 920 90
gamma, degrees 120 120 120

It can be seen that the lattice parameter, “a,”
of applicant’s 2Mg/1Al HTL compound is nearly
identical to that of the card, while lattice

S parameter “c” is substantially Ilower. Applicant
believes that this signifies that the amount of A1’
substituted into the brucite-like structure is
nearly identical to that of the 35-965 card
material, while the variation in lattice parameter c

10 is due to the nature and amount of interlayer water
and charge-balancing anions located in the
interlayer.

Figure 8 shows the XRD patterns for the same
2Mg/1A1 HTL compound used to generate Figures 6 and

15 7, except that 12 weight percent Ce0, and 3 weight
percent V,0, components are present by virtue of
cerium-containing compound (e.g., cerium nitrate)
being added to the slurry formulation after reacting
the magnesium and aluminum containing components

20 together. It also should be noted that, with the
exception of the effects of the CeO, present (ICDD
Card 34-394) in this system, the pattern is very
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The following TABLE III compares XRD patterns
for HTL compounds with, and without, oxidants as
5 compared to the patterns of the ™“most closely
matching” ICDD card. This comparison shows that the
presence of the oxidants in no way affects the

structure of the HTL compound.

BL I
ICDD Card no with oxidants
35-965 oxidants CeO, and V,0,
a, Angstrom 3.054 3.057 3.046
Cc, Angstrom 23.40 . 23.05 23.07
alpha, degrees S0 90 90
beta, degrees 90 90 90
gamma, degrees 120 120 120
10 Thus, based upon these and other findings,

applicant has concluded that, within a reascnable
experimental error allowance for this kind of
analysis, no appreciable difference in crystal
structure can be observed between HTL compounds

15 associated with CeO, and V,0, oxidants and those
without such oxidants.

Diffraction patterns showing the effect of a
higher Mg/Al ratio (i.e., 5:1) in the HTL structural
formation are shown in Figures 9. In addition to

20 the HTL compound and oxidant CeO,, a small amount of
magnesium hydroxide (ICDD Card 7-239) was observed

in the pattern shown in Figure 10. This result is
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. in that the maximum HTL formation has been
determined by other workers in this art (e.g.,

Miyata) to be in the Mg/Al ratio range of 2-4.

5 Since the sample that generated Figure 10 was
prepared at a SMg/dAl ratio, the amount of magnesium

ions present in such a system exceeded the limit of

their solubility in the brucite layer - hence a
magnesium hydroxide phase was formed and manifested

10 itself in this way.

Figure 10 shows the crystal structure present
for HTL precursors materials having differing Mg/al
ratios Jjust prior to Step 2 of applicant’s
activation process. Of particular interest here are

15 the “"shoulders” on the 43 degree and 62 degree “MgO-
like” peaks of these diffractograms. It can be seen
that, as the Mg/Al ratio increases from 2:1 to 5:1,
the magnitude of these peaks diminishes to a level
where they become undetectable. This 1s indicative
20 of a metastable alumina phase, with or without a
small amount of magnesium oxide dissolved in the
lattice. Additionally, this result shows that
alumina is present, primarily within the lattice of
the MgO, and hence the term “MgO-like” compounds
25 also might be applied to those HTL compounds that
have undergone applicant’s Step 2 heat treatment -
but no hydration. The metastable alumina phase is a
direct corollary to the 5Mg/1Al material previously
discussed wherein the presence of “too many” Mg ions
30 resulted in an excess that manifested itself as a

magnesium hydroxide phase. In this case, “too low”
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UVWKF k- aus4 a Mg/Al ratio results in an excess of alumina which
~ can be regarded as a slightly magnesia-rich alumina
phase. This observation has been made in the
literature as well; see, for example, Gastuche et
5 al, Mixed Magnesium-Aluminum Hydroxides, Clay
Minerals 7, 7 (1969), particularly noting Figure 1
therein. See also the previously noted Miyata
reference, (and especially page 52 thereof).
Thus, for maximum HTL formation by applicant’s
10 processes, hydrotalcite-like compounds having a
Mg/Al ratio in the 2-4 range are highly preferred.
When the Mg/Al ratio drops below 2, a HTL structure
can result, but it will be mixed with alumina and or
a magnesium-aluminum solid solution phase. The
15 lattice parameter, a, of such a system, however,
generally, will remain unchanged at about 3.04
Angstroms. In a system having a Mg/Al ratio in the
range of 2-4, the 1lattice parameter, a, will
increases with a linear relationship toward an end-
20 point associated with magnesium hydroxide of 3.14-
3.15 Angstroms. Abové a Mg/Al ratio of 4, the
lattice parameter continues to increase further, but
magnesium hydroxide will accompany the HTL phase
formation. See again, for example, the previously
25 cited Miyata reference and the Gastuche et al.
reference (and especially Figure 1, on pg 182
thereof) .
The effects of increased temperature of
applicant‘s activation process with respect to
30 crystal structure was also studied. This study

verified the 1literature's  pronouncements with
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. Erom hydrotalcite. For example, applicant subjected
a commercially available hydrotalcite compound to
such a rising temperature regime in order to verify
5 the temperature at which spinel is formed £rom
hydrotalcite. — - The commercially available
hydrotalcite was Alcoa’s HTC-30® product (which has
a 3:1 Mg/Al molar ratio and is therefore well suited
to use in the second embodiment of applicant’s
10 invention), and it was subjected to temperatures
that ranged from 250°C to 1200°C. This test showed
MgO-like phase formation commencing at 400°C and

spinel formation commencing at 900°C.
The results of some - other analogous heat
15 treatments, carried out at higher heat treatment
temperatures, is presented in Figures 11 and 12. 1In
these increased temperature studies, a 732°C
temperature was used for one hour as the heat
treatment aspect of applicant’s overall “activation”
20 step since the literature states that this is near
the upper-end of preferred temperature for maximum
HTL phase formation. In any case, no appreciable
differences in structure are noted beyond those

already noted for lower temperature activations

25 (e.g., at 450-500°C).

TGA-SO,_testing of Sorbents

A modified Thermal Gravimetric Analysis (TGA)
technique is used by many laboratories worldwide to
evaluate the relative SO, sorbent performance of

30 different compositions. This modified technique
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. “pickup.” is aspect the TGA test, a furnace

is ramped up to about 700°C in an inert gas and

5 allowed to equilibrate. A gas mixture containing
S0, and 0, is then—introduced into the xreactor for

some duration. It should be understood that two
distinct reactions are simultaneously occurring at

this point: Oxidation of S0,-S0, and a subsequent

10 reaction of the S0, thus formed with MgO to form
Mgso, . Typically, the reaqtion is allowed to
continue until the sample is saturated (meaning all

the possible MgO is reacted to form the sulfate).

The second aspect of fhe TGA is to regenerate the

15 sorbent. This is achieved through use of a lower
temperature (typically 590°C) and a reducing
atmosphere (typically H,), so that the sorbent being

studied releases the sorbed SO, as H,S. The TGA-SO,

plot for one cycle of such a test on one of

20 applicant’s HTL compounds is shown in Figure 13.
e i L osit hich e
i S
The HTL compounds of this invention can be
formed into various shapes (particles,
25 microspheroidal particles, extrudates, pellets)

which are harder and more dense than HTL compounds
made by prior art processes. These qualities make
applicant’s HTL compounds more useful for certain
applications e.g., catalysts, sorbents in general
30 (and SO, sorbents in particular), ion exchange

pellets (e.g., for water softeners). If made
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according o the teachings of this patent
disclosure, such physical forms will display greater
resistance to wear, attrition, or impact, as well as
improvement (i.e., increase) in the bulk density of
the HTL compounds formed by applicant’s methods.

The following-Table IV summarizes improvements
in two physical properties (i.e., attrition index
and apparent bulk density (“ABD”)) for various
samples that were spray dried into particle forms
and activated according te the teachings of this
patent disclosure. This activation method would

also be applicable to other physical forms of such

HTL compounds, e.g., extrudates, pellets or beads.

TABLE TV

HTL Composition Attrition Index *ABD (g/cc)
(ASTM)
2Mg/1A1 (Step 1 Activation) 3.9 0.39
2Mg/1Al (Step 2 Activation) 0.54 0.96
SMg/1Al (Step 1 Activation) 15 0.36
SMg/1Al (Step 2 Activation]} 0.65 0.75

*Apparent Bulk Density

The 2Mg/1Al sample described in Table IV also
was subjected to an additional heat treatment step
at 732°C/1 hr. This additional heat treatment has
been described as an optional, “Step 3” in previous
parts of this patent disclosure. This additional
heating was performed to show that applicant’s
“activation” was of irreversible nature, meaning the
physical properties do not revert to the original

activation wvalues. Therefore, applicant considers
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the products of this “activation” to be new
. compositions of matter. In any case, the results of

this Step 3 process are shown in Table V.

TABLE V
HTL Composition, Attrition Index ABD (g/cc)
(ASTM)
2Mg/1Al (Step 1 Activation) 3.9 0.96
2Mg/1Al1 (Step 2 Activation) 0.54 0.96
2Mg/1Al1 (Additional heat to 0.81 0.80
732C/1hr.)
5 2pplicabhility of Activation Process toward HTL
o ich Cr llize i e
during slurry Synthesis.

The aforementioned activation process (i.e.,

heat treatment followed by hydration) can be applied

10 to HTL compounds that are used as starting materials
in the second embodiment of applicant’s invention.

That is to say that a HTL compound can be heat
treated to form a “collapsed” or ‘“metastable”
material that can be rehydrated in the same manner

15 that the heat treated material of the first
embodiment of applicant‘s invention was hydrated.

If so heat treated, the hydration process of the

second embodiment of this invention will result in
formation of a HTL phase. Here again, applicant’s

20 activation process improves the physical
characteristics of the HTL materials produced by

said process. Again, these improvements include,

but are not limited to, improved mechanical strength

and density of the formed shapes (e.g., FCC

25 particles, fixed bed pellets, anion exchange beads,



y10% & ()-y10% & ()-!110% & ()- 10 10 10! yH 109%& ()-)OPA3WMuv4 !! $
10%t& ()-(&$ $ 10%t& ()-(&$ 10%& ()-(&F $ 10%t& ()-(& $

109%"& ()-(& s$ 10% & ()-(& 3456DI ~pQR 110% & ()-!110% & ()- 10 10

- 10'h31g 10% ()-!q31g 10%& ()- $ 10%t& ()-(& <cz[9P@y5 March 2002

10

15

20

25

-58-

etc.) relative to comparable compounds that do not
experience applicant’s activation process. It alsc
should be noted that, for those materials which form
HTL compounds from HTL starting materials (i.e., the
second embodiment of applicant‘s invention), the
resulting HTL phase may or may not be exactly
identical to the starting HTL phase {in terms of
exact identity of peak position and intensity), but
which will nonetheless display clearly identifiable
HTL compound peaks and possess the above-noted
improved physical characteristics.

To show this advance, an example is given of a
HTL containing S0, sorbent (marketed by BAkzo Nobel
under the trade name “KDESOX®”) that was subjected
to applicant’s activation process. The following
TABLE VI summarizes the physical characteristics of
the HTL-containing composition, before and after

Applicant’s activation process.

TABLE VI
HTL Composition KDESOX KDESOX
(as receivedj "Activated”
Attrition Index, ASTM 1.8 0.77
Bulk Density, g/cc 0.81 0.97

Thus, the physical properties (shown here as
attrition index and bulk density) of a commercial
available HTL compound made into FCC particles can
be improved markedly by subjecting them to
applicant’s Activation process.

While this invention has been described with

respect to various theories, specific examples and a
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109%& () - y109%& ()'!Yloo/f‘ &h- “2089vation process” that is based upon heat
treatment and hydration of collapsed, HTL-forming,
compounds, the full scope of this invention relates

5 to such activation of anionic clays in general;
hence the full seepe of this invention should be
regarded as being limited only by the claims that
follow.
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claimed 1is:
~ 1. A process for making an anionic clay
compound, said process comprising:
(1) preparing a reaction mixture
comprising a divalent metal-containing compound and
5 a trivalent metal-containing compound under
conditions such that a product obtained from the
reaction mixture is a non-anionic clay compound;
{2) heat treating the non-anionic clay
compound to create a heat treated, non-anionic clay
10 compound; and
(3) hydrating the heat treated, non-
anionic clay compound to obtain an anionic clay

compound.

2. The process of claim 1 wherein the anionic

clay compound 1is subjected to a second heat

treatment to form a “collapsed” anionic clay
compound.
3. The process of claim 1 wherein the product

obtained from the reaction mixture is low

temperature heated at a temperature less than 250°C.

4. The process of claim 1 wherein the heat

treating of the non-anionic clay compound is carried

out at a temperature between about 300°C and 850°C.
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clay compound is converted into a particulate
physical form prior to being heat treated and

hydrated.

6. The process of claim 1 wherein the
reaction mixture further comprises a metallic

oxidant selected from the group consisting of

cerium, vanadium, platinum, palladium, rhodium,

5 iridium, molybdenum, tungsten, copper, chromium

nickel, manganese, cobalt, iron, vytterbium and
uranium.

7. The process of claim 1 wherein the anionic

clay compound 1is impregnated with a solution
containing a metallic oxidant selected Efrom the
group consisting of cerium, vanadium, platinum,

palladium, rhodium, iridium, molybdenum, tungsten,

3]

copper, chromium, nickel, wmanganese, cobalt, iron,

ytterbium and uranium.

8. A process for making an anionic clay
compound-based SO, sorbent, said process comprising:

(1) preparing a reacltion mixture

comprising a divalent metal-containing compound, a

S trivalent metal-containing compound, a cerium-
containing compound and a Vanadium-containing
compound under conditions such that a product
obtained from the reaction mixture is a non-anlonic

clay compound/cerium-containing compound/vanadium-

10 containing compound mixture;
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containing compound mixture into a microspheroidal
form suitable for use as a SO, sorbent;

15 (3) heat treating the non-anionic clay
compound/cerium-corntaining compound/vanadium-
containing compound mixture at 300°C to 850°C to

cbtain a collapsed, heat treated, non-anionic clay

compound/cerium containing compound/vanadium
20 containing compound mixture;
(4) hydrating the  collapsed,  heat

treated, non-anionic clay compound/cerium-containing
compound/vanadium-containing compound mixture to
obtain an anionic clay compound/cerium-containing
25 compound/vanadium-containing compound material

suitable for use as a SO, sorbent.

9. The process of claim 8 wherein the anionic
clay compound/cerium-containing compound/vanadium-
containing compound material is subjected to a
second heat treatment to form a “collapsed” anionic

5 clay forming compound/cerium-containing
compound/vanadium-containing compound material

suitable for use as a SO, sorbent.

10. A process for making a hydrotalcite-like
compound, said process comprising:

(1) preparing a reaction mixture

comprising an aluminum-containing compound and a

5 magnesium-containing compound under conditions such
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that a product obtained from the reaction mixture is
a non-hydrotalcite-like compound;

t (2) heat treating the non-hydrotalcite-
like compound to <create a heat treated, non-
hydrotalcite-like compound; and

{3) hydrating the heat treated, non-
hydrotalcite-like compound to obtain a hydrotalcite-

like compound.

11. The process of «claim 10 wherein the
hydrotalcite-like compound is subjected to a second
heat treatment to form a “collapsed” hydrotalcite

compound .

12. The process of <claim 10 wherein the

product obtained from the reaction mixture is heated

at a temperature less than 250°C.

13. The process of claim 10 wherein the heat
treating of the non-hydrotalcite-like compound is
carried out ab a temperature between about 300°C and

850°C.

14. The rocess of c¢laim 10 wherein the
hon-hydrotalcite-like

| hydxetateitamdike~ compound is converted into a

particulate physical form prior to being heat

treated and hydrated.

15. The process of c¢laim 10 wherein the

reaction mixture further comprises a metallic

1109
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oxidant selected from the group consisting of
cerium, vanadium, platinum, palladium, rhodium,
iridium, wmolybdenum, tungsten, copper, chromium,
nickel, manganese, cobalt, diron, vytterbium and
uranium.

16. The process of c¢laim 10 wherein the

hydrotalcite-like compound 1is impregnated with a
solution containing a metallic oxidant selected from
the group consisting of cerium, vanadium, platinum,
palladium, rhodium, iridium, molybdenum, tungsten,
copper, chromium, nickel, .manganese, cobalt, iron,

ytterbium and uranium.

17. A process for making a hydrotalcite-like
compound-based SO, sorbent, said process comprising:
mixture

(1) preparing a reaction

comprising an aluminum-containing compound, a
magnesium-containing compound, a cerium-containing
compound and a vanadium-containing compound under
conditions such that a product obtained from the

mixture is a
cerium

compound jeexda—containing

containing compound mixture;

reaction non-hydrotalcite-like

compound/vanadium-

{2} converting the non-hydrotalcite-1like
cerium

compoundé?ggzilcontaining compound/vanadium-
containing compound mixture into a microspheroidal
form suitable for use as a S0, sorbent;

{3) heat treating the non-hydrotalcite-

like compound/cerium-containing compound/vanadium-
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containing compound mixture at 300°C to 850°C to
obtain a collapsed heat treated, non-hydrotalcite-
like compound/cerium-containing compound/vanadium-
20 containing compound mixture;
(4) hydrating the collapsed heat treated,
cerium

non-hydrotalcite-like compound fee®is-containing
compound/vanadium-containing compound mixture to
obtain a hydrotalcite-like compound/cerium-

25 containing compound/vanadium-containing compound

material suitable for use as a SO, sorbent.

18. The process of claim 17 wherein the
hydrotalcite-like compound is subjected to a second
heat treatment to form a fcollapsed” hydrotalcite-
forming compound/cerium-containing

S compound/vanadium-containing compound material

suitable for use as a S50, sorbent.

19. The process for making a HTI, compound
whose XRD pattern resembles that found in ICDD card
35-965 and suitable for use as a S50, sorbent, said
process comprising:

(1) preparing a reaction mixture

[ 821

comprising an aluminum-containing compound, a
magnesium-containing compound, a cerium-containing
compound and a vanadium-containing compound under
conditions such that a product obtained from the
10 reaction mixture is a HTL compound whose XRD pattern

cer i
does not resemble that of ICDD card 35-965@§AHQ~
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25 965/cerium-containing compound/vanadium-containing

compound mixture;

(4) hydrating ~the collapsed, heat
treated, HTL compound whose XRD pattern does not
resemble that of ICDD card 33-9634§&E;$containing

30 compound/vanadium-containing compound mixture to
obtain a relatively hard HTL compound whose XRD
pattern (neglecting the effects of ceria) resembles
that of ICDD card 35-965/cerium-containing

compound/vanadium-containing compound material

5 suitable for use as a SO, sorbent.

20. The process of claim 19 wherein the HTL
compound whose XRD pattern (neglecting the effects
of2§§é££$ resembles that of 1CDD card 35-965/cerium-
containing compound/vanadium-containing compound

5 mixture is subjected to a second heat treatment to
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$109% & () - form another “collapsed” HTL compound whose XRD
pattern does not resemble that of ICDD card 35-
965/cerium-containing compound/vanadium-containing

compound material suitable for use as a SO, sorbent.

21. A process for making a relatively hard,
anionic clay compound, said process comprising:
(1) converting a relatively soft anionic
clay compound into a form suitable for end uses
5 selected from the group consisting of catalysis,
chemical species sorbtion, SO, sorbing and anion
exchanging;
(2) heat treating the relatively soft,
anionic clay compound to create a heat treated, non-
10 anionic clay compound; and
(3) hydrating the heat treated, non-
anionic c¢lay compound to obtain relatively hard,

anionic clay compound.

22. The process of claim 21 wherein the heat
treating of the relatively soft anionic clay

compound 1is carried out at a temperature between

about 300°C and 850°C.

23. The process of claim 21 wherein the
relatively hard, anionic clay compound is subjected
to a second heat treatment to form a “collapsed”

anionic clay compound.
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26. A process for making a relatively hard,
hydrotalcite-like compound, said process comprising:

(1) converting a relatively soft.,
hydrotalcite-like compound into a form suitable for

5 end uses selected from the group consisting of
catalysis, SO, absorbing and anion exchanging;

(2) heat treating the relatively soft,
hydrotalcite-like compound to obtain a heat treated,
non-hydrotalcite-like compound; and

10 (3) hydrating the heat treated non-
hydrotalcite-like compound to obtain a relatively

hard, hydrotalcite-like compound.

27. The process of claim 26 wherein the
relatively hard  hydrotalcite-like  compound is
subjected to a second heat treatment to form another

“collapsed” hydrotalcite-forming compound.
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about 300°C and about 850°C.

29. The process of claim 26 wherein the
relatively soft, hydrotalcite-like compound is
converted into a desirable physical form prior to

being heat treated and hydrated.

30. The process of claim 26 wherein the

relatively soft, hydrotalcite-like compound is

Alcoa’s HTC-30® hydrotalcite product.

31. The process of claim 26 wherein the
relatively hard, hydrotalcite-like compound is
impregnated with a solution containing a metallic

oxidant selected from the group consisting of

5 cerium, vanadium, platinum, palladium, rhodium,
iridium, molybdenum, tungsten, copper, chromium
nickel, manganese, cobalt, iron, vytterbium and
uranium.

32. A method for extending the useful life of

a SO, sorbent system used in a FCC unit being
employed to refine petroleum, said method
comprising: employing a HTL compound made by use of

5 a process of this patent disclosure as a 50, sorbent

system in the FCC unit and wherein the HTL cowpound

in the form of a microspheroidal particle species
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sorbent comprises about 0.5 to about 10.0 weight

percent of a bulk hydrocarbon cracking catalysQlEOx

sorbent system.

34. The method of «claim 32 wherein the
microspheroidal particle species further comprises a
SO, — SO, oxidant metal selected from the group

consisting of cerium, vanadium, platinum, palladium,

rhodium, molybdenum, tungsten, copper, chromium,

i

nickel, iridium, manganese, cobalt, iron, ytterbium,

and uranium.

35. A method for extending the useful life of

a SO, additive system comprised of a SO, — SO,
oxidation catalyst and a SO, sérbént Eomprising-

{1) employing the S50, additive system 1in

5 the form of at least two physically distinct

particle species wherein a first particle species

contains the SO, — SO, oxidation catalyst component

and carries out a primary function of oxidizing

sulfur dioxide to sulfur trioxide and the second

10 particle species is physically separate and distinct

from the first particle species and carries out a

primary function of sorbing the SO, produced by the

S0, — S50, oxidation catalyst;
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(2) employing the 80, —» SO, oxidation

catalyst in the form of a particle species that

comprises: (a) a sulfur SO, —» SO, oxidation catalyst
comprised of a metal selected from the group
consisting of cerium, vanadium, platinum, palladium,
rhodium, . molybdenum, tungsten, copper, chromium,
nickel, iridium, manganese, cobalt, iron, ytterbium,
and uranium; and (b) a binder made from a material
selected from the group of metal-containing

compounds consisting of hydrotalcite-like compounds,

calcium aluminate, aluminum silicate, aluminum
titanate, zinc titanate, aluminum zlirconate,
magnesium aluminate, alumina (Al,0Q,), aluminum
hydroxide, an aluminum-containing metal oxide
compound (other than alumina (A1,0,) ), clay,

zirconia, titania, silica, clay and clay/phosphate
material;

(3) using the S0, sorbent component in
the form of a second particle that comprises a
hydrotalcite-like compound made by use of an

“activation” process of this patent disclosure.

36. The method of claim 35 wherein the SO,
sorbent comprises from about 0.5 to about 10.0
weight percent of a bulk hydrocarbon cracking

catalyst/SO, sorbent system.



