Nano-structured conposite materials based on conpositions of nmanganese and
cerium usable as oxidation catal ysts and/ or nol ecul ar adsorbers 5The
present iwWoeni¥ws9sconcerns nano-structured conmposite natreriratoibemer: on
conpositions of manganese and cerium in particular for use in processes
for the renoval of pollutants. More in detail the invention concerns

materials of the sgjd kind, for the agpplication as catalysts. in ocesses
for the renoval of %Wﬂf%?@dﬁfﬁm?%@@tﬁﬂa&%?@ PR qu‘éQHsd\t'Qﬂs ‘gf;_s phases,
through adsor pt ishqiMés@drideddriiin, usable a§td?<idati'69rc%télgst‘§eérﬂl$n mbt%?:u'leﬂve”t hon

refers to the realisation of a new class of nano-structured catalytic
conposi tions, based on substoi chi onet radsorbersesous conpounds (sub-oxi des) of
manganese (Wn) and 15 ultrafine crystalline nanoparticles (i. e. with a

di aneter conprised in the range 1-6nn) of cConmpounds of cerium (Ce), which

can be usgd in the pRYrESURR M@Nntioh®dhcaingd RaN stratfird® tomprRRE MR Al
materials and heavy netals blasts. As it is known, at present, |iquid phase

oxi dati on prockased aniasnypositipnsoptemangagese @ndreartumnin pArtioklor &vawse i of a

speci al type [Catal ysi vol .. 5 1999) p. 81], wherein by special
are intended Cga%%efog-[ﬁg\?ﬁ{'n&%ndiR@H&f’%"al or civil origin and

cont ai ni ng toxyc coNpes irlgeriltherin¢arRMUEsIFcarhs efatarigls ff thacdaid kirfd? feonmon
processes of biological depuration, are at the center of a stron

sci enti fic andthec@nplitalighcasceatelysls ownsesensegefor the fem@V%a@fePORW@nts
i dat i t t ' tg t . t t | | - 1,01 [
oxi dative,treal JRAL § & ebgms, th Il?,]%(l:on u@?’gdﬁﬁsg ih?gmrél@é)ﬁﬁﬁérg'éhd using

oxygen/al'r as oxi di Zi hg age are gener a enperat ures
and pressures. oxtiaon.ki nds of treatnents exist in presence of chem cal
oxi dants (such as for exanple 2, 03, 30 K Egg}ov@ch allow to work in

less critical condi ﬂ“bH&Q"edﬂtdgéghf@ximﬁﬂfﬂ@" _ > fhe pRalipalion Sl e e
o b ¢ comules e ARESERBIN | R TLITRPRAERL) Dhatho o spony:
woul d be t oxi cstoichidorneticavittebas tampninds2(sub-oxides) of manganese (Mn) and
15 ultrafine crystalline nanoparticles (i. e. with a diameter comprised in the
range 1-6nm) of compounds of cerium (Ce), which can be used in the
envoronmental field as redox catalysts, adsorbing materials and heavy
metals blasts. |
As it is known, at present, liquid phase oxidation process, mainly
20 concerning the treatment of wastewaters of a special type [Catalysis
| Today, vol. 53 (1999) p. 81], wherein by special are intended wastewaters
having an industrial or civil origin and containing toxyc compounds and/or
compounds which are refractory to common processes of biological
depuration, are at the center of a strong scientific and technologic activity
25 worldwide.

To date, the oxidative treatments applied to the wastewaters of
industrial origin, using oxygen/air as oxidizing agent, are conducted at
generally high temperatUrés and pressures. Other kinds of treatments
exist in presence of chemical oxidants (such as for example H,O2, Os,

30 KMnQ,4) which allow to work in less critical conditions, but such oxidants
appear to be very expensive. All these treatments are necessary for the
mineralization of organié and inorganic compounds which are poorly

biodegradable and which, therefore, would be toxic to flora and fauna, but



have the drawback of being very costly in terns of investnent, fixed and
operative costs [Catal ysis Today, vol. 53 (1999) P. 81]. To sol ve
this probweri12@i68®s7 to obtain a significant mtigation eCTun®iop®IzL i Nng
conditions of the oxidative processes using air/oxygen and a overal |

i nprovenent of their efficiency and costs the use of suitable solid

catal ysts was proposed [Ind. Eng. Chem Res., vol. 27 (1988) p. 718]. The

use of these clravd ysd drawisaoki e5béing Varp @bkt iP e oP Kivdatrhent, figagtarens of
the pollutants, thus enabling the_conduction of the processes in mlder

condi tions of eRemptyacosts [Gatplysiedodey, ¥ldS2 619V &y reduced 10resi dence

(1555) “pr 1ag]. 16 <R ik Brobipfn, B T RESRRN ogehiEe: mlfdHR o Hicu"on
nobl e netal s (éperafidg demditidms et ¢he oxitxtioet pdcessesiusary alroxgyedesndech as

alumna, silica, tjtania, cer|(§, nore_and m xtures thereof, exhibit greater
activity, Pn 150Varalk IMRIQYEMeH rthelieficieney ped costhiie usasf suitahle $olid n

particular in i ' PRG)., i

acetic acid an‘?é&%ﬁ?gg P{Qf;oi @n@"@%’@fﬁ@%@ ﬁ%dlvah?bfg%%ng%ggae
However, besi dese betheseveatalysippromotes thbddretios ef the exidationeeactansyof
sensitive to actiyvation, pheno a ch as, fquling, sintering .20 . and

| eachi ng of tﬂ'geaE?q/‘ﬁ_@mﬁhé&és. eﬁg‘%ﬁﬂ%gse ﬂ'&_,or}i the, Bf%ﬂe§6e§daera" He
poi soni ng of addriditforyl LEFS teAPEFRLrdYahdie prEkirdt B8 BnsRBARY atadiced
pol l utants and deconposition products thereof, which irreversibly inpair

t he ef fitdencyresitgénchetineal canpaiad to théerantatplytic. pacgss@&hdbheResEngvol .

37 (1998) p. 309]. 25l r el , veral studies have shown that catalysts
based on copp€ O%Q?dggﬂgga(aghé)rp'n “hoble nmetals (e.g. Co, Zn and Ti) were

efficient and reactjhvpis ortexid#ié ABtEregehésisScathlyRRepased Bnlidbié dlrse
with air/oxygen (CWAQ at tenperatures conprised between 160 and 250C.

| marmmura et al .(Atl R, ABhgRhCeeR) sRpportedopn refactogpPxides syt Bs3alungRdposed

Drsmith oxi decs e ARRRR, BRyhr Bicte iR Ofe IndlBaR AR ofeiibt BbagipPm t anc
oxi dati onsin | theUbxidativrs 6f Ohricey ipels dfi pullitarits pahd uh amparticidrainyrelationy st ens

based on nanganese and ceri um oxides denote. 3 oxidising properties in
respect of pheRolorganis mahpeerst (PEGY pherslic compoypfsey acetic afid @Wur nal

of Catalysis, é{@moﬁgpé_li?ﬁ@%Cﬂem?:%esg%?_réf)?%g%&&)g@bggr advancenent in the

devel opnent of are acti've'in ocesSes of oxidation of
phenol in |iquid phdswevwer hbasidesxbgimg Verpr exmenging, cdhedey tmatesiads eae based

cat al yst s, _uhi GHIGIPY SEABAIT A8 AP AR PO ROMERvEHEtS o5 ToLR®: SIEleTB at

BB?QOE LH gf) ik .‘eﬁ%{“'@y of fﬁgg\#c@,%gﬁgﬁgregtﬁhé% PHeRohihad eROM8H Backfed
the poisoning of active sites, caused by the adsorption on the catalyst of
pollutants and decomposition products thereof, which irreversibly impair
the efficiency and chemical stability thereof [Ind. Eng. Chem. Res., vol. 37
(1998) p. 309].

25 In parallel, several studies have shown that catalysts based on’
copper oxides or other non-noble metals (e.g. Co, Zn and Ti) were efficient
and reactive in oxidation reactions of phenol in liquid phase with
air/oxygen (CWAO) at temperatures comprised between 160 and 250°C.

Imamura et al. [Ind. Eng. Chem. Res., vol. 38 (1999) p. 1743]

30 proposed catalytic systems based on the combination of manganese,
cerium, cobalt and bismuth oxides specifically conceived to increase the
efficiency of oxidation in liquid phase of several kinds of pollutants.

Catalytic systems based on manganese and cerium oxides denote



10Hocevar et al. [Applied Catalysis, B: Environnental, vol. 28 (2000) p.
113] have subsequently inproved the catalytic systens based on oxi des of
copper amdocerzwegesasi ng the sol -gel preparative met hodolPagygT2012/000172Ar ena et
al. [Applied Catalysis, B: Environnental, vol. 45 (2003) p. 51] have
subsequently shown that the activity of catal ysts based on oxi des 15 of
copper and cerium derived actually fromtBe action in honbgeneous phase of

the Cu2+ ions gEHRARESropRIEsSIAlrabbedt dNphehs| seaterfipbriti@lof 15aPte i niti al
stages of the reaction. Santos et al. [Environnmental Science and

Technol ogy, vol . 3sHpecexanetgl. [dgainahafl eataiysis, vHal§4 (109 pe B9 deswribache

o bonduct t hed Tudach Bivaribesih iR SVaRERGR! pr SRSt B ar R H ™' ©
ai r/ oxygen undgie basdesses! 6f>8kidatibn oo pheRel lih?eli(ﬁlfd GHdeenaith/ Bircaygenat e

buffers. However, by adopting basic pH it was achieved only a partral
reducti onSof tPEPOSKIdcicAIAlIC tSystams | brsad e axidasofprerrelic @ngf cervmvl s,

but not the m perali | 2 : | C : t - ) Twas
denonstrat ed tﬁ%tp %k ‘%1%aécs)a%pgéﬁ'éé%g%égﬁg%égoxclalééégggf ‘%%'ﬁ'da%‘leég esti‘]%%'[li?écogrqyum
operate the m meaakicfateaiments pheakzinationt atnipigh abmpesatoed (902 3C),Greowvd aoxygen
partial pressures |ower than 50atm presenting anyway phenonena of
deactivation d2@Pd sesigtanchgtoothe ﬁBeQ@@Gé‘ér%fe80§68&9ei3/°<{'$%99)69§. OTgReKA

Res., vol. 43 6&2@@( p. 5089.]. lmamura et al. [Ind. Eng. Chem

Prod. Res. Dev. , ?'1985) p. 75] described the preparation of a conposite
mat eri al L1based on nidogeverss alx [ApplieddCatalysisn BxEderaimeantaédvdly28 (2000)

Caopect Hve. hy oAb IRRGROPSSRRRY, ITREHE L LONIC Wb ims OB on
hydroxide. TheoQgeeoPLogic dRPcerfi\Rihd tharsdu) BRIk lttiiciiogy. t ati on,

and calcined at 350 Cto obtain the catalyst. ) 1/ 45833 describes
various catal ytic chrgneset alobAppieseQatalyss.cBi Bnviexmiental, vol. 45%2003) p.

2003/ 0166987 d i bes .th ti al d i.d f

manganese and %@ﬁﬁyﬁe@psggugéﬁﬁ%ﬁwbﬁ@a@bgféﬁq&@ﬁ§h§%t$?y§‘fsgg§$%@)éhrg%iqﬁ%ds I n
liquid phase, gbtgppidaly PRHEdefvédtdciialRNfloft BfEadaoh iNardmbgesdomnt at
a tenperature between 100 gnd 500C. The catal yst 10was identified as a

crystal | i ne nmepkaseapf theafaict snszielpasedaingaselusipe by the samsccatalyst ihihend
total surface ghed ploelWbring rdkiidn.
Santos et al. [Environmental Science and Technology, vol. 38
(2004) p. 133] have shown that, in order to use the copper catalysts,
20 obviating the phenomena of leaching, it was possible to conduct the
reaction of oxidation of phenol in liquid phase with air/oxygen under basic
pH (>8), through the use of carbonate/bicarbonate buffers. However, by
adopting basic pH it was achieved only a parfial reduction of the toxicity of
the effluent due to the presence of phenols, but not the mineralization of
25 the organic load. |
Furthermore, it was demonstrated that the catalysts based on
oxides of manganese and cerium operate the mineralization of phenol at
temperatures below 250 °C and oxygen partial pressures lower than
50atm, presenting anyway phenomena of deactivation due to fouling of the
30 adsorbed species [Ind. Eng. Chem. Res., vol. 43 (2004) p. 5089.].
Imamura et al. [Ind. Eng. Chem. Prod. Res. Dev. 24, (1985) p.75]
described the preparation of a composite material based on manganese

oxide and cerium oxide obtained by coprecipitation of manganese and



US 2004/ 0192947 descri bes the preparation of a catal yst consisting of an
array of mnerals and, nore specifically, a silica matrix containing inits
i nterior worreiyp@sdsvcl es of nmetal oxides. 15Larachi [ TopiPcI/nTmiLaoatysi s, _
vol. 33, n. 1-4, p. 109-134 (2005)] describes the application of the oxides
of manganese in the oxidative catalysis in liquid phase (QOND).
W20071069238 cl ai n8 a new net hodol ogy al kow ng for the preparation of

catal ysts consggriumgirpthed farik o titeipfredhedifeamilireridés aridior dRidesgrofied ee of
crystallinity and greater total surface area (i.e. 200-300 nR/g), prepared
by al kal i ne cosqQldié@n,pising isedium hygnexide. The iniacinitatenwagaesyved tramthe

Lenper at ure ( 7o0utg" brBRcRElancAd SREIR T lng & HBLEENE et oy
etching in al kal i nee»O01/A5868aHseABES NaYioud TAtAE €6mPbsitibAd eased/Rirer . |
Vol . 19, (2007) p. 2269] describe the preparation of catal ysts based on

hi ghl y di Bper se&IUMOXEE. of nanganese and ceri um obt ai ned by al kal i ne

copr ecipi tation of gty F580672 BLERHIANEBRERRRI R B éta 424 on
alts of trivalent ceriu +) and

generated in situ by oxidation of 'S

di val ent nmangagdes oiVhianganess aml esrsur ito Apesathing theat esttldonddf, organich are
active in the reaction of oxjidation of phenol in |iquid phase Jb[gnd' Eng.
Chem Res. Vol SomBoyndsin liguidgphage, obtained W&?Pf%p'ﬁfﬁloébﬁpags §9887hg it

fol lows that, d@&t%ﬁmémeatcat@@fgémwwe@nmcﬂ%ﬁd%o@@g@n@&%?gts

ceriumare industrially prepare conventro co-precipitation
200310166987] . was dderttifiedt as a ai/stalimecmbidried tchabacteddzaerhbyya gadictd sizengfanese

and cerium pre by coprecipitation is esylt of a process of
chaotic, there @?@80%‘9885ﬁ?ﬁa&gv%‘?ee?f%?g{jfr@gj?béﬂ%f matter. The techni que
of co-precipitati onydogm4pd2ga7 d’é’!c‘ri@;e§ttﬁé"bﬁ'ét¥ﬁgﬁ!t9ﬁ om_t@té@étf &nsisting

nano-si ze | evel. At present, therefore, echni que of
co- preci pi t at i efrarcarragcaf ronecads famdo Mmareyspeedically,p2 sdicarmatrix: ¢gantainfriceine nt

el ements and/of_ solid phases nor te of the total surface area and
porosity of th'xi-:s quréq;isgﬁn?e P%n\cfeﬁéfhrﬁfa%%ﬁgﬁwe, it is evident the need to
achi eve gatal ytic |l4ragRiTPRSPits MMSCatalydid, Mas10Bad rst 14gtpir #091BdpEA005E and
new materials with i nproved chem cal and physical properties that can be

advant ageous| ydesasipesnthenappligatipal obthensixidas 66 maaganessoin dhe myxidative

difficult tor TR 'énqntext it is included the solution
according to tﬁ%gpggslgrglﬁu}dné@an%é:{)n, ich ains to provide nano-structured

catal yti c conpositiw@2007/069238 claims a new methodology allowing for the
preparation of catalysts consisting of a mixture of Mn,0; and CeO_ with

20 high degree of crystallinity and greater total surface area (i.e. 200-300
m?/g), prepared by alkaline co-precipitation of ions of cerium and
manganese within a meso-porous matrix (type SBA), calcination of the
system at high temperature (700 °C) and subsequent dissolution of the
same matrix by etching in alkaline solution (nanocasting).

25 Arena et al. [Chem. Mater., Vol. 19, (2007) p. 2269] describe the
preparation of catalysts based on highly dispersed oxides of manganese
and cerium obtained by alkaline coprecipitation of tetravalent cerium and
manganese (Ce*" and Mn**) generated in situ by oxidation of salts of
trivalent cerium (Ce*") and divalent manganese (Mn%) with potassium

30 permanganate (KMnO,), which are active in the reaction of oxidation of
phenol in liquid phase [Ind. Eng. Chem. Res. Vol. 46 (2007) p. 6724].

From the foregoing reasoning it follows that, to date, the catalysts

based on oxides of manganese and cerium are industrially prepared by



15 conprised of sub-stoichionmetric vitreous conpounds of manganese and of
ul trafine nanoparticles of conpounds of ceriumhighly active in the renoval
of pol | utwoteei1vteesh are presents in liquid or gas phasegCTirnzoogivi72
adsorption and oxidation, as well as a process for their preparation.

bj ective of the present invention is therefore the realization of

20i nnovati ve nano-structured catal ytic cospositions, conprised of: at

| east one sub- géieHlioABECoLSredipitaon S{UD MuDach 6899TanTRaesguttMid ;of e | east
one conpound of cerium (Ce) in the formof ultrafine crystalline
nanoparticl es ¢afelysta draspd) @imoxides cofaimgngaresesanyd, oghiuoh prepams dded in

ot al yots and) P RePRANEH pfndfe sty Or "8 pRARER e FetalifarPerdtire BB of
preparation of cérteoli@ie, tRjpPegatictcoUmatter R WoheidLePnss-brausitativpodsig t o
the present invention allows to 30favorably control the size of the

cryzt al | i Bes onotowthplaustaee he realarighpt @ HapResSiZRIVElt of the activity of
oxi dati on. ‘ t C rf%’;\r t] o n

nano- struct ured ca{\/gf ?\é%ér(‘:tbrﬁagrse?@%oﬁ@éag%cgg ' ng O?Obé)'ﬁéé)%rr)&e%g)ﬁt %lwﬂvgﬁtt i on

allows to 6 faveskalfdyorabiyt tid disysersionenéithe dfffardet ceméntsabndlorf sl ar ea

and the porosity of the conpositions thenselves, to, the penefit of {he
property of adB%?ﬁﬁﬁ rey. theaxtent of the ptal: GSrarga} BRTOsHY & t"i%@aﬁ%r\'/@rf-

nano- structured cat g KOt o thOIRARE! 1O RS IRt thande 49 adNIGRe Ratditkent | on

allows to favorably contro I spersion o e various conponents that
are preseot i ncompositions avitipospravedsstructurah eroperées taraf newemakarials avith

reactivity and of th atalytic ,activity in the processes of oxidation in
presence of ai Wﬁff?y@&rfﬁ"elﬂﬂfpglh@?m Sl %Pﬂ?&'ﬁst@a Cﬁlneg%rq @n Yof the
present used in the removal of molecules highly polluting and difficult to remove.

In this context it is included the solution according to the present
invention, which aims to provide nano-structured catalytic compositions
15 comprised of sub-stoichiometric vitreous compounds of manganese and of
ultrafine nanoparticles of compounds of cerium highly active in the removal
of pollutants which are presents in liquid or gas phases, through
adsorption and oxidation, as well as a process for their preparation.
Objective of the present invention is therefore the realization of
20 innovative nano-structured catalytic compositions, comprised of:
- at least one sub-stoichiometric vitreous compound of manganese
(Mn);
- at least one compound of cerium (Ce) in the form of
ultrafine crystalline nanoparticles (diameter 1-10nm, preferably 1-6
25 nm),
‘ which can be used in processes of decontamination of liquid and gaseous
effluents, as redox catalysts and/or as adsorbing filters.
In particular, the process of preparation of the new nano-structured
catalytic compositions according to the present invention allows to
30 favorably control the size of the crystallites of the compounds of cerium, to
the benefit of the activity of oxidation.
Moreover, the process of preparation of the new nano-structured

catalytic compositions according to the present invention allows to



10 invention, it is proposed the addition of sonme netals (such as for
example V, Ti, C, Fe, Cu, Zn, Sn, G, &, Y, Zr, A, Si, K Li, Pb, GCs)

wi t hi n t NEORARH68TSTuct ured catal yti c conpositions conpr PEEATN2/000172
sub-stoi chionetric vitreous conpounds of manganese and ul trafine
nanoparticl es of compounds of ceriumaccording to the present invention, in
order to 15inprove their performance in the processes of adsorption and

oxi dati on. favofbly ao6trelt iRy ex&igide ot heolthei toell aafavediahéa téhd ke
present invention proposing a nano-structured conposite material with

catal ytic prop@efesty ofi the epropesitions Hheroselvest tocthenbenefitaf Jbetproperty®f e
si ze, extensi on gg Pﬁ‘gﬁ active surface, position and, therefore,
accessibility, 8 f active 20sites, and selectivity of the active sites

t hensel ves. Tigsill piivenmdeesd of prepir@iebf thavesw inaiokstrudiereef catalytibat  of
proposi ng a nano-structured conposite material based on caonpositions of

manganese Sand €8MP@§itionNsiaasoEding i@ therpersent Biventine allowsita fayoraly ecanti@ i ons
according to t - d . tfafh% . i I QUS L

25t echni cal resu {?{ééfdérrsﬁﬁ oFurt&%?&g%jcg}éﬁmb? ﬂﬁ?gﬁéﬁn%eénk) ?’eg%ﬁ;fgﬁ ttﬁg% asrré?d

mat eri al can beoppoditiond, o the behsfitaoft thal cherhical reectisity asdfafrthescdtalytict he
producti on costs, and tEe mai nt enance,. costs i s concer Not | ast

. ed.
obj ect of the ?_ﬁU\éFVt'Pé € PEOEIRBES X qxpﬁt'PQi'ﬂ@r%SW%'gwg%q 30 conposite
material which is Sglrﬂﬁth@ﬂh?%,lté?éér@mg&tolsféf Srefbdrdf! dsplce ?ﬂ‘ théng;-Qé’e S

catal yst and/or ads I ng I's therefore a first specific
obj ect ofiot he vemdion, it e praposedahe additiir ofcsame anetalpsicheasrior exaaipléased

iti . 7 [ i A laim.l.. A
second and ot N EReber CE: 285 St G, BHe Vo2 bhcoh Kok Pon CabMfip 8 ¢ o
processes of pradycdiRiura éaﬂaﬂ/ﬁeﬁ&smpegmohg b&gbh@é‘d aoff QUbidtoicRREAdLHE

obj ect of the present invention the use of 5said nmaterial as catal yst

and/ or adsor bi nijrefoust erompourtts pefoceenganese r andy alltrafinehi nangpasticlest iohg
oLl €S ot CRofiebuflb O Lehh? AGETENE ta proeR velton kbt o
pol | utantig by fRprsvectheR PedformbAte M the processes of adsorption and oxidation.

This and other results are obtained according to the present
invention proposing a nano-structured composite material with catalytic
properties with optimal characteristics with respect to: pore size, extension
of the active surface, position and, therefore, accessibility, of the active

20 sites, and selectivity of the active sites themselves.

The purpose of the present invention is therefore that of proposing
a nano-structured composite material based on compositions of
manganese and cerium, which allows to overcome the limits of the
solutions according to the prior art and to achieve the previously described

25 technical results.

Further object of the invention is that said material can be produced
with substantially low costs, as far as both the production costs and the
maintenance costs is concerned.

Not last object of the invention is that of realising a nano-structured

30 composite material which is substantially simple, safe and reliable in its
use as catalyst and/or adsorbing filter.

It is therefore a first specific object of the present invention a nano-

structured composite material based on compositions of manganese and



Class of the catalytic materials according to the present invention 10
Wt hout whishing to be bound by theory, it is believed that the catal ysts
form ng oNPe812/168957he present patent constitute a new cPETITUN2/000172
nanostructured materials, since they are obtained by neans of an original
and controll ed process of aggregation and structuring of basic nanoscopic
unit having the function of building blocks. 15Mreover, w thout whishing
to be bound bycéhe®r ds defined ielaimvied that the structure of the catal ysts
form ng object of the present invention is original and conpletely

i nnovati ve conpar edAtseaoRgtanst a thied §B§@f'9§bﬁ¢é@é§ﬁlpfﬁje@6'ﬁ\4¢@t'9ﬁ|C@F‘St§Ft
since, to date I ctured catal ysts based on
sub- st oi chi onepimhgéﬁczréggﬁggg rrpoungﬁ O?%B (suf)érg?il des) of manganese (M)

and ul trafine cryst #lisitien asfoarhrdpecifiesotfject . thei gresemtaimestiore thepuses of
between 1 and 10nm preferably between 1 and 6HQ 'ﬁf compounds of cerium
(Ce). Chefical se@nﬁwfeflab@sopatala@tcaﬂ%oyta@sqm r e IBcEG ArAEPISESt RE

present 1 nvent taflovdrhidthy BBIGH P Aol GhED AR ESETmEON R0 TeABu e

real i sation of 1 nnovati catal ytic conpositions, conprised
of: - at |east one Eutaﬂyirbus:b|fiﬁMI&epemflo/objeebufstheopmsantjlrwénmganresess( Mh) ;

- at | t d th f. ultrafi 3
servst ot ne eidpB e SLof R IARS BY medne ol stgrasgrel 1l e
W t hout whi shi @%ésooft%ﬁe%%l%cbbhatté}‘?é?é YicchldinFtdPBle! resenttingéntidie synergistic

role showmn by the two conpounds (. €. NMh and Ce) I n the conpositions

form ng tthe object Withdud whiebingt ta ﬂD@ebDuod oy dhmm it e beﬁemcbdbatséme of
electronic and jonic transfer .(i.e .02-) in.re S NRLOVI t he
catal ytic perf 8?%&‘?3%@%?'”%%“%8%8% Poesent gggs is"3 nelevH (ilﬂses @gnt ext

of the pr esent nbAY&Ridtared ﬁ\'é?erﬁikprﬁﬁéé ﬂféy afe b@t&ﬁ{eoowm‘ééﬁ%%m ofiginal
manganese" is intended to designate one or nore than one conpounds of

manganese (Mh) anticontroied procasseofcaggreaatinn and siighiiegeof(hasic sanosropic
conveni ently uged bomgt e BRSSP Rlaifd Biokky ent i on-

15 Moreover, without whishing to be bound by theory, it is believed that

the structure of the catalysts forming object of the present invention is
original and completely innovative compared to that of the catalysts
according to the prior art, since, to date, there are no examples of
nanostructured catalysts based on sub-stoichiometric vitreous compounds
20 (sub-oxides) of manganese (Mn) and ultrafine crystalline nanoparticles (i.
e. with diameter comprised between 1 and 10nm, preferably between 1
and 6nm) of compounds of cerium (Ce).
Chemical composition of the catalytic materials according to the present

invention
25 It is an object of the present invention the realisation of innovative
nano-structured catalytic compositions, comprised of:
- at least one sub-stoichiometric vitreous compound of manganese
(Mn);
- at least one compound of cerium (Ce) in the form of ultrafine
30 crystalline nanoparticles (diameter 1-10nm, preferably 1-6nm).
' Without whishing to be bound by theory, it is believed that the
synergistic role shown by the two compounds (i. e. Mn and Ce) in the
compositions forming the object of the present invention promotes the



Herein bel ow, the expression "conmpound of manganese" is intended, for the
pur poses of the present invention, in both plural and 10 singular form i.
e. the i nwerdiNwswhem cal formnul ati on can conpri se one ®CTABE2/0094T2 one
conpounds of manganese (M). The term conpound of nanganese (Mh) is

I ntended to designate any conpound in which at | east one atom of manganese
I's present, regardless of its valence statge. 15Therefore, the conpound of

nmanganese can pRIPYskES d¥i Matedric D 10 drdridiérli.e. LOFY h QBHOXBIIEEERER,
(Mll1l), tetraval ent nmanganese (Ml V), exaval ent nanganese (MVI) and

ept aval ent mangapreying the\gatalytie perfeemangascoidbamompositionsuthemsei@seof . The

according to the. prLCs CACECRr o eatBhIEnEThdbe PBusrion SR O 1
present in an asmpalin@iof ahahGRrdse? WinteRded By aEsigalte/ oné drensite Bavorsd i | |
nore preferably at |east 45% wth respect to the total weight of the

cfalt ia| ytiéScolrrpégmppﬁﬁds'rI]’ﬁfa mappanesantvnl. Mixtuies cehpderel 60MPRHOEReSE (Mh)
t . . _ ! .
Wil not be 1l matnggn\%% %Ml&z%%ﬁt b%ocaﬁ'@?ﬁlgl%ﬂ{ Js2d %r\'rjp% ﬁ]orpbgg% CoH paytic

conposition; in génera X1 mum-armoun hi's "conpoun %9~ nore
preferably of ph#mtishil|l nore preferably of 55 %w || be considered

conveni ent . The conmpound of nmanganese (M) acts as a catal ytically
active phase in reab€®Rs IOV xithgt ie(’fgreaﬁ'?dpr} edi?é’fﬁ%dof‘)fbdf’ﬁ”%?@%ﬁﬁ

c '&nd

i norgani ¢ 30 ﬁﬂé%ﬂ?df%f HBEh(1phsbs &f ﬁbep@s%ﬁ?r?ﬁvéd?igﬂasmoé thiﬁlUPégf@f?ﬁZe or

: t

i n both phases. n accgﬁgance wth a preferred énbodi nent

present wovent simgutandomonipeutite miventveyahemical Krmulatien can ceoywisei oneioe of

several sub- 9 st?i chionmetric o id?s sub- Oxkﬁﬁ) of manganese. In
i

particul ar, saMPrGihanLeRe cRMAWNIsA aEse metric oxides (sub-oxides)
O o meemcen noy e A GSgR Ol gieltl (AP SRyt sl o on
Cr, Fe, Cu, Znangmon@pour@l,in Ywhizh, afAleasti one ;atom, of imapganese imprasentur es
thereof. regardless of its valence state. ‘

15 Therefore, the compound of manganese can comprise bivalent
manganese (Mnll), trivalent manganese (Mnlll), tetravalent manganese
(MnlV), exavalent manganese (MnVl) and eptavalent manganese (MnVIl),
and can also comprise mixtures thereof.

The use of the compound of manganese (Mn) in the catalytic
20 composition according to the present invention can be considered
convenient if thit is present in an amount of at least 25%, more preferably
at least 35%, still more preferably at least 45%, with respect to the total
weight of the catalytic composition. The maximum amount of the
compound of manganese (Mn) will not be limited with respect to the total
25 weight of the catalytic composition; in general a maximum amount of this
compound of 75%, more preferably of 65%, still more preferably of 55 %

will be considered convenient.
The compound of manganese (Mn) acts as a catalytically active
phase in reactions of oxidation and reduction of both organic and inorganic
30 compounds, whether they are present in gas or liquid phase or in both

' phases.

In accordance with a preferred embodiment of the present invention

the compound of manganese (Mn) is a vitreous mixture of several sub-



Anongst said hetero-ions, the elenents titanium (Ti), zirconium (Zr) and

cerium (Ce) are nore preferred, the elenents Zr and Ce are still nore
preferredyO@B14$8%¢i || nore preferred, both in the tri vE&CEAT2042/8Q0872% Cel | i)
and in 10the tetravalent state (Celv) or even m xtures thereof. In

particular, then, the content of cations incorporated into the vitreous
m xture of sub-oxi des of manganese can be9gconsi dered convenient if at |east

equal to 1% nefRcHibRbRiAMtiNestsUrasiteS 6f mahgandse e preferably at |east
10% of the total weight of the conpound of nanganese 15 (Mi). The maxi num

anount of cations i Hceatievar.csid Niteeousemedurpasiistbartoighiogretde ©x(das)(subt | not

gener al an amotiESS GnasrEsbaty, SR dhedostal® I ST RN frartBal <o
35% nore pref glenidnts aifféreat fiax mMmEngmésesthictérolions), ir ef Beabhtior® of b
maxi mum 15% wi | | be cansi dered convenient. 20 In the_context of the_present

i nventi on5t he elemendsiCeh Viati, Pedee. Ehel®obpdandGes Yedri AhiBiilsa.ikhtldnBed t o
desi gnat e one 8L gpﬁq?‘)gggégnthgl:%ofconpounds of cerium(Ce). Mxtures of nore
can be

conmpounds of cerium “conveniently used for the purposes of the

i nvention. In the rAmunygstgaitlchdte-ionsetHesalemenite titenurag3i)ppiscdriomp@ind of
25 cerium are intended, for the pur?oses of the ﬁ‘rstcaient invention, in both
plural and si nB0¥ £EMHBY (Re)iarednorereferesthe &lene 1 ane e are: e
conprise one o t f ' (1R I

conpound of ceéféﬁnﬁléds’ d?%tr?segglgg&? %gﬂs%?rggétb gﬁgwyﬁ?c}ﬁg%lﬁ%sﬁ%g?g) %‘f& ’Heast
one atoniof cetheutetravalentstate (Ce¥par evarsmixthires thedofst at e of val ence.

(el 1Y Cott mval ont e dertiuiaoshel, 968 CoBa, 8F Eindsi incofhoBlad Soness
The compound ofi@8Ls UMigARe 26 bhbIoRRIBALGH Yhiakg#RBe0Stdr OB akohbigerdd sane

time as a co-catalyst (co-active phase%/ and support, being used in a
great er anount ¢onruardenti ifigt leash efiuakto pYemeoiccprederably akleast 6P, il mereused

as electronic/structural, pr el .dn i 4.1 0N ot ' '
pronoters, bei Rﬁffﬁr&b %legsf?%t 8ﬁtr§n18?ﬁg'yé'gﬁtc%¢tﬁfeﬁ&%%o%%gé%ﬁ%hsﬁ?ﬁeerred
Senbodi ngpt . an). THEEmARRHINh athobfteofceatiopdAcipofsted Unto thet doenpauirdl vt i ¢
conposition will be conveniently chosen on the base of the function (first

or second pref Banganead dMiniewil yiot het linited witbriesnret 1 the tefalaveight pethe
Cvent i on, ¢ nesabksEnRr i S EhRR B riGuitShaftoBrRea TRISERAEHERR o6 1 "¢
co-catal yst (ctheanfaxirauphegeal @n85%;s row gesferabhyppehe médimen 5861 still i n
the presence in the catalytic conposition, . . ,
more preferably at the maximum 15% will be considered convenient.
20 In the context of the present invention the expression “at least one
i compound of cerium” is intended to designate one or more than one
compounds of cerium (Ce). Mixtures of more compounds of cerium (Ce)
can be conveniently used for the purposes of the invention.
In the remaining part of the text, the expressions “compound of
25 cerium” are intended, for the purposes of the present invention, in both
plural and singular form, i. e. the inventive chemical formulation can
comprise one or more than one compound of cerium (Ce).
The term compound of cerium .is intended to designate any
compound wherein at least one atom of cerium is present, regardless of its
30 state of valence. Therefore, the compound of cerium can comprise both

) tetravalent cerium (Ce"), or can even comprise

trivalent cerium (Ce
mixtures thereof.

The compound of cerium can act in the catalytic composition at the



According to the first preferred enbodi ment of the invention, the 15 use
of the conpound of ceriumin the catalytic conposition can be considered
conveni enwoOi2b12 1684571 s present in an anount of at | east 2PO0%iTI02/@00pT2ef erably

at least 30% still nore preferably at least 50% wth respect to the total
wei ght of the catalytic conposition. The maxi num anount of the conpound of
ceriumw |l not be linited with respect taothe total weight of 20 the

catal yti c conpaginié Gfie 49 aqszﬁ@étalysvwdd abiP/eCORS SRS GEEBIE THedhY udBd FrauNt
of this conpound at the maxi mum équal to 85% nore preferably at the

maxi mum 70% stdreatemamneoyntepesaiding tata firsé preferredransibodiment, or garcbedised t o

| &"a nanocr yet a9 FRE AU gl bloridheP B &idifch. | Bl Bu R Bty et v

Ce203 or a m xthsimg ofisédreint \&0 liMGIRACTaBbaht, | BecarEMPUsds second Pesterdyng to
the second preferred enbodinent of the invention, the compound of cerium

will be used asrebpedimedti c/structural promoter, in conbination with other

[ mor gani ¢ pr oot of 1 30AGGARCH BuhBG, AP BANSh ThE S ATROEhARRLBh, L e

i nvention, the use of e conpoun ceriumin the ¢ i on

can be consi dengll b:a)ouaverﬂemtly thoden dnsther basatofithe sfanetion itfirsofor alecoadst
2% nore preferably at |east 5‘%{ still nore referablﬁ at Jeast 10% wth
respect to 11 RrETEEsk ambRgi Jothatn thig ag@mpeved cwWilipHavei th theheatatdicnum
amount of- t he %wrpf ceriumw Il not be limted with respect to the
total weight of the catal ytic conposition; in general, an anount of at the
maxi mum 4094 nore prAeicerdibg yto3th, first idrefemeade epbeidimabt pf 208cimvéntidme the
consi dered conveni ent Accordi ng .tqg.the second referred e i ment
heconpound. o-oRUIIURA ofprise" SEREHSEA B 4HE SeTEmE Holyes Grraabs 0y,
Ce203). ceri o Reto¥ aselantPhs fdigafieiaiprblt seiiegidatérin ttREpicsepubRRat &
[Ce(SD) 2], ceric amoniumnitrate [ (NH4) ? ceric anmoni um

sul phate 10 RN#Ag zatg)y8O9@Ppositiom- chl oro ceric anmmoni um [(NH4)2Ce016]

cerous peroxide [Ce-H20-H202],. . cer si ¢, carbonat e cenp
Py oxi e [ Ce( aH) 3] ACSIINE baboliat droliiseRleRtIRL S, pr RS Mayttcn.
oxycarbona e [ @03t GRB) tom @uﬁ@Soﬂof&@ﬁuhﬁh@ thee Eaaiyti0 conprisftivh fchObede
[CeF3], cerous oxyfluoride cerous sul phate [Ce2(SQ4) 3], 15 cerous

sul fide [ Oezs3]con§@l|erttdrp@&wuemti Iﬁ&hlt[ isdresEt in @y FHURt oF attleast 20%, more

[ Ce\C0) . o120 Aty AT, LEF el g raby o 0 st i a8

" the total weight of the catalytic composition. The maximum amount of the

compound of cerium will not be limited with respect to the total weight of

20 the catalytic composition; in general will be considered convenient an

: amount of this compound at the maximum equal to 85%, more preferably
at the maximum 70%, still more preferably at the maximum 60%.

According to the first preferred embodiment, it is preferred that the
compound of cerium is a nanocrystalline oxide, e.g. nanocrystalline CeO,

25 or nanocrystalline Ce;O3; or a mixture of the two nanocrystalline
compounds.

According to the second preferred embodiment of the invention, the
compound of cerium will be used as electronic/structural promoter, in
combination with other inorganic promoters.

30 According to the second preferred embodiment of the invention, the
' use of the compound of cerium in the catalytic composition can be
considered convenient if thit is present in an amount of at least 2%, more

preferably at least 5%, still more preferably at least 10%, with respect to



The catal ytic conposition can conprise, in addition to the conmpound of
manganese (M) or to the conpound of cerium (Ce), sone 20 additional
conponentWwo 2012/16895For exanpl e, according to the real i saPCOATW2/000¢72vi t r eous
m xture of sub-oxides of manganese, the conpound of manganese (M) can .

I ncor porate additional conponents such as alkali netals, alkaline earth,
transition and rare earths. In particul arii1conponents containing Ce, V, Ti,
25Cr, Fe, Cu, # toba) wéiht 6 theYeatblyticlompdsitidh. The nfelimam Bmbupt 8f tHidner eof
can be added to the conpound of nariganese. According to the second
preferred enmbocompaundiofesiumwilhnbbhe linhitedc with oeapedf toctbe total (vaeight of

oxi tos of et o cgb g TgyT 8 el b A68TR% & o FEERE Hhpouna

of cerium morEOErd?él%be r38YbUdtilinehorel Hréferablg RO%POKIAS bet kBnsidersd | ed
pronotor (conpound P) will be preferably chosen anongst alumina, silica,

titania, Qernam@/enﬁﬁ coni a, alumnosili cat es zirconil-silicates, chrom um

orL0eS 17 CoPPe. Bl PO UERL e, UL M D100 ot B 9,

yttri um oxi des, vana FUes a Xtures

i's believed, weérwh dan Beldrm'séhrig particiapamaorigst bRidesvE@B0HrCetOwt cérie
addition of the additignal rrsmnents to the_conpound of manganese 5 (I\/h)

may favorably P@@Pﬁ@ﬁ {fe- "&Q}& t CBHC Jf“%ﬁ@n{%%’:lﬁt iCEHC osulphates [(reRR4)2],

i ncreasin the fil €,

aci d- basegpropert [ eéﬁgfdrﬁ%e (?g(faat? llm“g@én(e qs)G]C éé}%se%m#’s%ﬂi:@ﬁglsg@ﬁat

Wi ?Tgut t bos | :c [(Nir;{‘,)}g:et(S@‘,)gq;omexaicrﬂdsre |cm7|enam.momtmat[(NHe)zeeCIIeectcerous

conbi nation of the, co

compounds of nBeRide [P R ol aCPIRNATE CABAPT [T NS lDEesHS a
th t t f t

way the struc %&Fé{&%ﬁpg&%@)ﬁ) ddisus at@ryshate! e g? %dﬂgcﬂ“ Bepold1e

extension of t ace area, the resistan e catal yst to

sinterisation axvtarbommescﬁﬁefféz(%)}\(\ebmm tp’(msphetﬁsrﬁ()&l:&)oﬁz%cmmuml

resi stance. 15)kth aratlo of ca I c_naterials/a

according to t ‘éorﬁfeeggﬂ't: luoride C%%I{:Leqergﬁ @H?W ciﬁ @f@éént

I nventi ofsl s tB&oﬁéo%ﬁﬁjéﬁ[Gyzsgljl,lcbéﬁtﬁlrnOfoiyﬁﬁlfﬂéoF{@‘é‘;@zspt abyduss mgbes i al s.
[Ce(NO3)36H20], cerous chloride [CeCls], cerous oxychloride [CeOCl],

cerous bromide [CeBrs] and mixtures thereof.

The catalytic composition can comprise, in addition to the

compound of manganese (Mn) or to the compound of cerium (Ce), some
20 additional components.
For example, according to the realisation of the vitreous mixture of
sub-oxides of manganese, the compound of manganese (Mn) can
i incorporate additional components such as alkali metals, alkaline earth,
transition and rare earths. In particular, components containing Ce, V, Tj,
25 Cr, Fe, Cu, Zn, Sn, Ga, Gd, Y, Zr, Al, Si, K, Li, Cs, or mixtures thereof can
be added to the compound of manganese.

According to the second preferred embodiment of the invention, the
compound of cerium (Ce) comprises at least one electronic/structural
promoter chosen amongst the oxides of metallic or semi-metallic elements

30 different from the compound -of cerium.

For preferred but not limitative purposes, the so-called promotor

(compound P) will be preferably chosen amongst alumina, silica, titania,

germania, zirconia, aluminosilicates, zirconil-silicates, chromium oxides,



The manufacture of the materials is realized by executing a precise

20met hod of preparation,

m xi ng ofwohei1dwdsowi ng sol utions: i) reduci ng sol uti onpcCrirr200xv@i® ng

solution, iii)
The met hod of
paraneters: t

al kal i ne solution, and 25iv) solution of pronoters.

preparation requires control of the follow ng experinental

enperature, pH, 30- concenteation of the oxidizing and

whi ch sees the preparation and the appropriate

reduci ng speci edpper 858¥s PRioBHdeAUNPbxides, fmltaluhPBRidesbamicCoadésngtriunef t he

al kal i ne agent,

concentratlon and ratio of manganese and ceriumsalts,

state of val en6¥ides, vanradiemaoxiges diansarides and mixtures thereef.
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It is believed, witout this limiting the scope of the invention, that the
addition of the additional components to the compound of manganese
(Mn) may favorably modify the properties of chemisorption of the surface,
increasing the interfacial area of the catalytic phase, improve the acid-
base properties of the catalytic element.

It is considered, witout this limiting the scope of the invention, that
the correct combination of the compound of cerium with one or more than
one compounds of metallic or semi-metallic oxide can modify in a
substantial way the structural properties of the catalyst, increasing in
primis the extension of the total surface area, the resistance of the catalyst
to sinterisation and to poisoning, as well as the properties of mechanical
resistance.

Method of preparation of catalytic materials/adsorbents according to the

present invention

Another object of the present invention is the process of production
of the proposed catalytic materials.

The manufacture of the materials is realized by executing a precise
method of preparation, which sees the preparation and the appropriate
mixing of the following solutions:

i) reducing solution,

i) oxidising solution,

iii) alkaline solution, and

iv) solution of promoters.

The method of preparation requires control of the following
experimental parameters:

- temperature, '

- pH,

- concentration of the oxidizing and reducing species,

- redox potential of the solutions,

- basic strength of the alkaline agent,

- concentration and ratio of manganese and cerium salts,

13



- mxing speed, aging tine, and 5- ionic strength of the solution.

The termreducing solution is intended to designate a sol ution obtained by
di ssol ut i0,20124688Fer or in a water/solvent m xture, of PERITHIZAHWIEO| ubl e
conpounds of dival ent manganese (M1"), trivalent cerium (Celll) and ot her
nmetallic elenments (Me) capabl e of generating redox couples 10 [Me x+
Me(x+n)+]. For exenplificative but non |indtative purposes, anongst the

chem cal el ements capgip ef 0hleBE8of Bid RdtalgHesucer! es the foll owi ng may be
cited: M2+ -+ 2e- M4+ (basic el enents) 3+Ced+ 15Ti 3+Ti 4+ (additional

el ements) V3+ -4 2e-titpgtiorFeatee” Fe3+ Cr3+ - 3e" COr6+ M3+ 2e- M5+ 20PI 2+
2e- Pe+ Sn2+ -4 2e" . + -4 2e- Pb4+ and nore. The reduci ng
sol ution al ways cont gﬁ)ﬂsaiégﬁgéi n the reduced state of

- aging time, and

5 - ionic strength of the solution.

The term reducing solution is intended to designate a solution
obtained by dissolution, in water or in a water/solvent mixture, of salts and
soluble compounds of divalent manganese (Mn"), trivalent cerium (Ce")
and other metallic elements (Me). capable of generating redox couples

10 [Me® — n'e” Me™™*]. For exemplificative but non limitative purposes,
amongst the chemical elements capable of generating redox couples the
following may be cited:

Mn?* — 2e” Mn*" (basic elements)

Ce* — e Ce*

15 Ti** — e Ti** (additional elements)

V¥ 2e7 V'

Fe* — e Fe**

- crt>3ecr

Mo** — 2e” Mo™

20 PE* — 2¢” Pt*

Sn?* - 2e" Sn*

Pb%* — 2e"Pb*
and more.

The reducing solution always comtains ions in the reduced state of

25 the redox couple (Me**).

' For the preparation of the reducing solution various salts and
soluble compounds (precursors) of manganese (Mn) can be used. For
exemplificative but non limitative purposes as precursor agents of
manganese the following can be cited: manganous sulphate (MnSO,),

30 manganous nitrate (Mn(NOs3)2), manganous fluoride (MnF;), manganous
chloride (MnCl,), manganous bromide (MnBrz), manganous iodide (Mnly),
manganous carbonate (MnCOgs), manganese-ous formate (Mn(HCOO),),

manganese-ous acetate (Mn(CH5COOQ)y), manganese-ous



25t he redox couple (M). For the preparation of the reducing solution
various salts and sol ubl e conmpounds (precursors) of manganese (M) can be
used. ForwexemploBYS7cati ve but non limtative purposes a®CpAEI2/8WA72agent s
of manganese the follow ng can be cited: manganous sul phate (MiSO4), 30
manganous nitrate (M(NGO3)2), manganous fluoride (MF2), manganous chl ori de
(Mnd 2), ‘manganous brom de (MBr2), nangah#us iodide (Wl 2), nmanganous
carbonat e (MCgBetyldtRiaies sHI®))fRhfangtRESERE DhialBBRGATL SRdaHeréicet at e
(Mh(CH3C00) 2), manganese-ous 14 acetyi acetonate (M(C5H702)2),
manganese- ous pht al & anpPreeurseidofrdpanganese (k) afosr bieu pseparationsefg hirese

() Tor U1, PFeRk ygh 1 ERSEALNS, B8 Hhhhcl SAGIE HRRER) ks 1>
(M(CH3Q00) 2) , prdfetdblyromanpardes alidatae qfMIACEHEOD),), atstll ( MurélOB)eterably

For the preparation of the reducing solution various salts and sol uble
conpounds 5( pr eBlaNgaNeys pitrate (MNOz)2)-( ce3+) can be used. For

Lificati but e ) ' ¢ .
(Co) the ol oving 5ah pg Blepaeidh ¥ BREGEaaE" FRLNOETBRER' Saty 510"
basi ¢ car bonat solubkd d68Rjoundsr @uscurgdrsd xofdeefi@a( (TH(Ge*") caamoibe usedoRat e

[ Ce2(COB) 3' nHzog, C Tr,OL%s (0)4 -cal{@% a{.e bCeZOZéCCBM, cerous ho§phate
[CoPOAL- 120],  EXemBLFAYE R HGTIPSRIVE BPGIRSES,ES PIERF IR Collmbus
sul phate [ Ce2 i RO 1

[ Oe(pNCB) BESHZO]( @%ﬁoeuéﬁﬁlvﬁ?ic?g F%ed%tl A cer o'hsé p%ﬁ?/@gﬁl[?reitﬁgéflégéltﬁe,mus

15cer ous 1br oni HasicCatarBpnated [CieQHCEs],t loereus . hydroxideas [Ge(@Hdslir werows

i Ce) f h i fth duci | yti it f bl
Lo use serbus. EARPHE (e BT N0 aeral Brutd st Qi b ©
cerous nitratephEgiH¥R) %éf%g]('*ﬁ%né‘%éﬁggf Aoy ﬁ%mgql,s cerb abRy-fiGeRde0t) 3]

or hydrate cerous nitrate P ], 20still nore preferably hydrate
cerous nitrat e[feRENceyussphate [Cex(SQhel, ceraussuliiles[GrpSshiceroumnitrate

chem cal compolnaio Beh CnPs URHRF Hoet, 23R Rk EhldRe, fregeh "
pur poses1@f st krerais®rbfiide gg?lgﬂgpgh@mixm@é@meng@f_the follow ng can be cited:

25 Ced+/ Ce3+ NMn04-/ NWn02 H2 H20 S2082/S042 - E = 1.44V E = 1.63V E = 1. 77V
E = 2.01V As a precursor of cerium (Ce) for the preparation of the reducing

solution it is preferable to use cerous chloride [CeCl;], cerous sulphate
[Cea(S04)3] or hydrate cerous nitrate [Ce(NO3);'6H20], more preferably
cerous sulphate [Ce;(SOy)s] or hydrate cerous nitrate [Ce(NOs)3'6H20],

20 still more preferably hydrate cerous nitrate [Ce(NO3)3"6H.0].
The term oxidising solution is intended to designate a solution
obtained by dissolving strong oxidizing chemical compounds in water. For
f exemplificative but non limitative purposes of strong oxidising chemical

compounds the following can be cited:

25 ce*/ce® E° = 1.44V @ 25°C
| MnO*/MnO; E°=1.63V@ 25°C
H,0./H,0 E°=1.77V @ 25°C
S,06%/1S04% E°=2.01V@ 25°C

As oxidizing agent for the preparation of the oxidising solution it is

30 preferable to use hydrogen peroxide (H;O2), potassium permanganate
(KMnQ,) or a mixture of potassium permanganate (KMnO,) and ceric
ammonium nitrate  [(NH4)2Ce(NO3)g], more preferably potassium

permanganate (KMnO,) or a mixture of potassium permanganate (KMnOy)



@@ @ @25C 25C 25C 25C As oxidizing agent for the preparation of the
oxidising solution it is 30 preferable to use hydrogen peroxi de (H202),
pot assi urwpapranegtiat e ( KWVh04) or a m xture of potassi uRCHETHANHGWAZY e
(KMh04) and ceric ammoniumnitrate RNl H4)2Ce(NGB) 6], nore preferably
pot assi um per manganate (KWVh04) or a m xture of potassium per manganate
(KMh04) 15 and ceric ammoniumnitrate RNH432Ce(NO3) 6], still nore

preferably a rr'hnauwn@famba&mh Umitra &y ITENNg &NO Odt)il awstec Feferadyradi um
nitrate [(NE14)2Ce( NC3 e {%Wth t he termal?élneﬁg{;l ution |tp|s i ntended to
Pe

desi gnate a soMmituemo giuTe gerPangarap KN Qe andkegihamagennium mitratg er .

For exenplif | c NIH/ ngsi limtative purposes as al kaline agents
(i norganic gzanl C ‘es) the followi ng can be cited: LiOH NaCH, KOH,

RoOH, CsOH, NH40H (B&(rﬂﬂ)e&erraaélk%ﬁr% s@lmmmntumlﬂitbddedltd@eélgﬁéw)a solitismat es
and bi carbonate (of yridine, urea

and all 18the Ph@'%bbﬁ dd$ﬁP"6f‘§a?rﬂ é'kébfh%@lgﬁﬂ%"w@é% E%fe@m@&ﬂa@tl\@bm

O sl S miatue BurRBsdd 58! JRARABGnE! (ATOBAE! SAERIGarie e O U
nore preferabl ;haafo‘rbmlmgndamdbexmtw (INBHOHNaOH , plOObds SRi@HN YCis O, ddHIGKIKOH) |
still nore prefer ot i um hydr oxi d K Wth the term

sol ution of pr{;ﬁ\@gb %la 626? nEENFeaY Eééémé‘wﬁ e("H"‘S%'I")Jt FRoppies RN by

di ssolution, i Blc‘é?dcﬁfaté’f(oﬂ N aK Vet e/ Mq S letdl ten‘r'r’iuﬁes Oéyr&ﬁ’thef %r@ﬂfbrﬁ%l}‘b' e
conpounds (precursors ectronlc/ ructura pronDtln enent s.

el ementsiail |l the m@lr@amedarmhommeomouade capablespb generaénlngt@bh iors lmel r

ability to give Iﬁéeci pitates of stabl e hydroxides, oxides, carbonates and
hydr oxy- car bon@? ‘For exenplificative but non limtative purposes, as

possi bl e pronmoting Réeﬁﬁnélkaﬁﬁé? afgérﬂtQWIQpreﬂ'é\ralbﬁa abt gse ddiufY hy&foxide!, Zn,
Ga, Gd, Y, La, V, nore. lons of the ﬁrom)tlng el enent s vaI have a

stable state ofNaQHénammcme@ hygroxideotNEHEAHY & geotessivat hydraxide §40EDi on by
the reducing n?n)gré'rpe?ef)eraﬁlt} ﬁmoq\ 3ﬁwnﬁyépo§ldgrﬁ\lH4OH) or potassium hydroxide

15 (KOH), still more preferably potassium hydroxide (KOH).

| With the term solution of promoters it is intended to designate a
solution obtained by dissolution, in water or in a water/solvent mixture, of
salts and soluble compounds (precursors) of -electronic/structural
promoting elements. The elements will be selected on a case by case

20 basis in relation to their ability to give precipitates of stable hydroxides,
oxides, carbonates and hydroxy-carbonates. For exemplificative but non
limitative purposes, as possible promoting elements the following can be
cited: Zr, Al, Si, Cu, Zn, Ga, Gd, Y, La, V, Mo and more. lons of the
promoting elements will have a stable state of valence, i. e. will not

25 undergo oxidation or reduction by the reducing mixture or the oxidising
mixture.

As precursors of the elements designated for the preparation of the
solution of promoters it is preferable in general to use chlorides (CI),
sulfates (SO4%) or nitrates (NOgz), more preferably sulfates (SO,%*) or

30 nitrates (NO3"), still more preferably nitrates (NO3’).

A first preferred embodiment of the method of preparation of the
catalytic compositions forming object of the present invention provides for
the simultaneous reduction/oxidation/precipitation of the_ designated



As precursors of the elenents designated for the preparation of the
solution of pronoters it is preferable in general to use chlorides (Cr),
sul f at es WOAR/8HB7 nitrates (NOG3-), nore preferably suPCRIENIYSOAZ-) or
30nitrates (NG3-), still nore preferably nitrates (NO3-). A first
preferred enbodi ment of the nethod of preparation of the catalytic
conposi tiions form ng object of the presentéinvention provides for the

si mul t aneous r atliglki aid @shfidhetany Peefredainl 8 haticdlBe baski golaties (pAs7yet al s
and sem -netals, perforned in a particular basic solution (pH>7) with high
oxi di zi ng pot ewithadligh pxidizingpotential (E > +0.8M¢kording to the first preferred

e et L1 R RN b R

t he catalytic conposi orm ng nventi on

provides -for tpregaphliemi(poteéstpal), the manafacurepef thici eatalytio composiions Wi t h
preci se weight ratios, of the reducing, oxidising, alkaline solutions and
in case of t hefosling phiechef thegrrgsenkinvention provides for ghe fallowing $168ST educi ng

solution with la so ' A elgelypel I 1O L i, 0, | on
defined solution A LPterSar%fg?Hm Xi n(%%fq]e oxiLNll sp%a%%lﬁgﬁtn?%i Jgﬁgﬁé)
al kal i ne sol ut remtucingt okidisin@i alkatine selutions wWridorn dedsened thel wblubionBpf
d) adding a little at a tine, in a slow and conti nuous way, solution Ato

sol ution B, prBHARPIRES:the precipitation of metal s/senminetals under

15stirring, keepi ng?f?rﬂiihggﬁfhgﬂég#fcﬁﬁoéqﬂa%ﬁr\k'@t@'la Yoldtlsh 8 BldthtoRs A 1 at e

of adm ni stration of’ the e) ageing and thickening the
preci pi t abe andbiaipgqueew sokutionalefioedtsiodutipne®i pitate from the sol ution

pLrant ent ronTenty ld Whd 2hiding sohgn! WRCEE Medik' SBhefnilau o
the precipitat ggtaiifg a new solution defined solution B;
d) adding a little at a time, in a slow and continuous way, solution A
to solution B, producing the precipitation of metals/semimetals under

15 stirring, keeping constant pH, redox potential of the mixture B and rate of
administration of the solution A,

e) ageing and thickening the precipitate and subsequent removal of
the precipitate from the solution “titrant environment” by filtration,
f) washing filtrate and subsequent drying at 100°C,

20 g) final consolidation of the structures of the precipitates and
decomposition of any salts/hydroxides/carbonates/hydroxy-carbonates by
thermal treatment, according to a precise protocol of calcination.

A second preferred embodiment of the method of preparation of the
catalytic compositions forming object of the present invention provides for

25 the simultaneous reduction/oxidation/precipitation of the designated
metals and semi-metals, performed in a particular slightly acid solution (4
< pH = 5) with high reducing potential (E < 0.70V).

According to the second preferred embodiment of the method of
preparation (protocol m2), the manufacture of the catalytic compositions

30 forming object of the present invention provides for:

a) preparation, in accordance with precise weight ratios, of the
reducing and the oxidising solutions, and in case of the solution of

promotors;



deconposition of any sal ts/hydroxi des/carbonat es/ hydroxy-carbonat es by
thermal treatnent, according to a precise protocol of calcination. A
second prwbennerdsssrzbodl ment of the nethod of preparatiomrcofiTtohmomatal ytic
conposi tions form ng object of the present invention provides for 25 the

si mul t aneous reduction/ oxi dation/precipitation of the designated netals and
sem -netals, perforned in a particular slightly acid solution (4 5_ pH 5 5)

with high reducing B?hﬂﬂhﬁ%e(cﬁudﬁsﬂd@&tlon with the solﬁﬁ@@b@"ﬂ?&nbtbr&hﬁtﬁecond
preferred enbodi nent” of the nmethod Of preparation (protocol nR),

manuf act ure of obmlogtaamwusoltﬁ@npiﬁunedo%s 30f or mi ng obj ect of the pr esent
i nvention provides aration. in accErdance with ﬁ

wei ght ratios, of tﬁga?%@gcﬁ %lezﬁi.% qrﬁg 0\ ﬁ{ég‘f ﬂ@d &8n W%‘f‘?‘swa)ﬁnﬁof’ e of

the sol ution ofg TR GEIRg soltion, produblhgn’dhé' ﬁ&dﬂi@t@hl@hﬁeﬂﬁwe&aﬂsw@nﬂn W th
the sol ution of prormters until obtai ni ng a new sol ution defined A ;

c) addi ngSa | i meatalsainderstifing, ikeeping ean Ridniedeumesentia) of e reduningy t o

Linder st 11 ng ool g 8 e e F B BB A e ecocing
sol ution and the ratipagéingdndihidkeningtheoprecipitat® bHtistbséquent removall bf
agei ng and thickening the precipitate and subsequent renpval of the

preci pi tate fr 88 piesipi@tefroanthe salytion “térant epMirermenbpyrfiliration;i on;
e) washing filtrate B4 f inal consolidation
of the structures OF?%SEMBZ@%E{% 0gés"){t&an uggggﬁ@&%&dgn&bf any

sal t s/ hydooxi des/ caf)bfinat eshbylittation- ofr thenatrestlrgst bierthal pte“oqcatatwtand
according to aggrem se Brot ocol of calcination, t hout i

hi
e bound byt REBFITPRSIIPE AT sets/ RO oS G berales/ YT -SRI Lot
Qur i ng Pr et P ikt @huhbR 8EL6MMd B RN oot ricalcidsn, of vl trafine
a , SInce€ the oxlda

nanocrystal line ceri on "out spheres" of the
trival ent cerium ( C#¥ithout iwimishing tolbet bound;yby rhbecmm di s bgliegethtthakdus to

the formation of tetr%}alent cerlum @e é E {&Eerre&hreatlve
therefore, abl Br@SNGRG A0 OXidiFgAd8Nt durin p(5§9'8 a '(H? 0 QHEVEFesent
in the fhgst S%f&mft;oﬁ%fmﬁa% nbR8EHyBEllire ééWa (0@@9 %‘irﬁzé enBkibiatior? 0of
ultrafine crystalline nanoparticles (diamet ef. 1 Ce02, as shown in
the fol |l owi ng fadcpheres aidhe trivalent cerlum (Ce™) |ons |n solutlon by the oxidizing
agent leads to the formation of tetravalent cerium (Ce )WhICh is extremely
reactive, therefore, able to extract more easily the oxygen of the hydroxide
. present in the first sphere of solvation, leading to the immediate formation
20 of ultrafine crystalline nanoparticles (diameter 1-6nm) of CeO,, as shown

in the following reaction scheme:

[OXY]aq+[Ces+]aq+nOH-—’|[oxy]aq—ée-elce&]aq (OH)q| E

~—> Ce0y| +[rid]sq+2H20+(n-4)OH

wherein:
25 [0XY]aq IS the oxidizing agent coordinated in water,
[rid]aq is the oxidizing agent that after transfer of an electron is in turn
reduced.
| Without whishing to be bound by theory, it is believed that the
simultaneous presence of the divalent ion of manganese (Mn"), of metal

30 ions capable of generating redox couples [Me** — ne” Me***] and of a a



[ oxy] ag+[ Ce3] ag+nOH- - 1[ oxy] aq' e-[ Ce3l acr (OF1-)ni -3
Ce02-F[rid] aci +2H20+(n-4) OH wherein: 25[ OXy]aq is the oxidi zing agent

coor di nat\E@ 201/MB5&r, [ridlaq is the oxidizing agent th&CTATI082/06018Nsf er of
an electron is in turn reduced. W t hout whishing to be bound by
theory, it is believed that the sinultaneous presence of the divalent ion
of nanganese (M"), of metal 30ions capabig& of generating redox couples [M

-+ ne- ") +ktrehd Qfxuﬂmﬁg et ' Premetdsdi e dfor@Rfibn PraIMyu@sSokides  of
for rratlon of sub-oxi des of manganese, which pronotes the formation of

oxi des from t henatigasesey which peomotes i fermeatiany of ;oxwe@afrarraﬂfw difgcti¥e ch

t he manganese | t tar val e S W_t ng to
be. bound by ¢ hEBPgRTeY TeoBRiatElvy Yba el ¢ ERER: e i tneles 1)
nmanganese i npr ggesmes ot ARAryToaREN Vdi€@scay. the catal ytic conposition,

i mproving the catal WI c performance of total oxidation (mneralizati on) of

organi c mdl ecul es. Withestitwhishingi 1) beo beend dundhegry: Hbdﬁ pelieyed ghaktheved
that the 10 fopfmt san o &HBX@@F ffsm%fn %89@%@%\}&0 rﬁéa? rocéﬁgeég@é% ofy of

oxygen i ons present In t R np03|t| nin

oxi dat i on- r eduttié @atalytic compos\rﬁdrhOMpmbinghtmg dataliptic t;mrfuﬂn'lay\céhef)rtgtal it is
believed that the fornmation of sub-oxi des of manganese inprove the
properties of ®XiggHanéminaakization) of oraanie MalRGWeS.of the catal ytic

conposi tion. t 0 t ) eved
that the formation w su vg)li‘(\’lgg@g %Hﬁaﬁggﬂgygf‘%"t Egg:?eé{?\t/?c? f:thg@lth@
conposi t ion pr égardtioasofo$ulploaidescoinchanigaoasandcrebses rthe (makinhtyt oboxygen was
found that, usin ot assi.u er anate ( 04 s 20 oxi di z . apgent, the
aver age oxi dat IQS% Bﬁﬂﬁ?@?d%{}bgaég]&? &&mmw# g@(ﬁ)C%?SQShQIL Qgﬁfa%?f‘ﬂes of
manganese i s gf&fldiont han that obtainable with the use of other oxidizing

agents.
Without whishing to be bound by theory, it is believed that the

formation of sub-oxides of manganese improve the properties of

15 conduction and electron transfer of the catalytic composition.

, Without whishing to be bound by theory, it is believed that the
formation of sub-oxides of manganese give the catalytic composition
properties of photo-conduction and electro-conduction.

It was found that, using potassium permanganate (KMnO,) as

20 oxidizing agent, the average oxidation value (Average Oxidation Number

| AON) of the sub-oxides of manganese is greater than that obtainable with
the use of other oxidizing agents.

It was also found that, using potassium permanganate (KMnO,) as
oxidizing agent, the content of sub-oxides of manganese present in the

25 catalytic composition is greater than that obtainable with the use of other
oxidizing agents.

The catalytic compositions according to the present invention are

{ identifiable by the generic empirical formula Mn,Ceul.O4, wherein the
coefficients a and b can assume values comprised between 0.001 and

30 0.999, whereas the coefficient ¢, which takes account of the presence of
additional metal and semi-metal ions (I}, can vary between 0.000 and
0.998. The value assumed by the coefficients a, b, ¢ in the various

catalytic compositions is such that their sum is always equal to 1. While



It was al so found that, using potassium permanganate (KWh04) as oxi di zi ng
agent, the content of sub-oxides of manganese present in the 25catal ytic
conposi t i 20R/1gBB¥aAt er t han that obtainable with the us@CHATHAXGO1IEXi di zi ng
agents. The catal ytic conpositions according to the present invention
are identifiable by the generic enpirical fornula MaCeblcOx, wherein the
coefficients a and b can assune val ues conpri sed between 0. 001 and 30

0.999, whereas tﬁ@eamgetiffthéIc@@ﬁu@entmls%témlésre REFOMBL fofdbwingemBERFRASc| Of
addi tional netal and semi-metal ions (1), can vary between 0.000 and 0.998.

The val ue assuf@atioyshibie coefficients a, b, c in the various catalytic

conpositions is suc at al ways equal to 1. Wiile 19 the
val ue of the coeffi g L\l{]‘f %(S-I sceobot ai' ﬁygl e fromthe foll ow ng nat hemati cal

rel ationship: whevsin-the tevias Vi, FViland AR indiedtes thé fermidiraveragevaléage amd Vi
i ndi cates the formal average valence in 5 the catalytic conposition

respectivély othq ﬁeta*aﬂtvgmeesw%)res%ctlv@y phthe aanganese) (Mniogn @f dhe t he
addi tional iong a@s ~i9n egﬁur S {2 Gélc‘aﬁ orn%'f'eghraédc,tfy as fo. enStilrgTI?ﬁet ot al

concentration o sem -netal s rea ent sol
preferably bet mu'o@eﬂltrahtgi 3.0M and rmre preferabl y is eq' ual 10to 0.5M
The atom ¢ rati o manganese/ceri um gl\/hati Cega?ﬁ%j in the catal yti conposi tion

will be preferably dhepictal sepnsentigtan ef rmetaly) apdosemhmetaisenpingr 398 | s
equal to 1.0. %BEJ'[IBHIQ réf@?aﬁ)ﬁbEM@é}?OAl and FoMNdnd Mhore tepﬂﬂé BW@ e?fua}f}‘h' ch

carry 15 out the precipitati processes are ¢ osen on asi's of 't
val ues ofiot he tmf<£iMnt s of precipitation of the ions desi gnat ed in the

preparation of the taI C osition. or g,toth i rst
net hod of manuf actu lpb@(}?ﬁp%%sem%nur@ h@’"ﬂﬂ-lla ‘Sj tifet @%I‘iﬁt’?‘e‘x{ﬂ CAis
preferably CO”EBhﬁ)%@lti%ﬂt\)m% ére@er%Bﬂ/ bofprigéRBEMEELORARd 210 Yarlnpaeial to

2.0. According to the first net hod of manufacture descri'bed (protocol
m), the pH of preferahly istéqual B i1).pref erabl y conprised between 7.0 and 10.0,

and nore preferabl yThS pw ?{he SO|§flgnS A and B and the temperature at which carry

15 out the precipitation processes are chosen on the basis of the values of
the constants of precipitation of the ions designated in the preparation of
the catalytic composition.

According to the first method of manufacture described (protocol
m1), the pH of the solution A is preferably comprised between 1.0 and 4.0,

20 and more preferably is equal to 2.0.

| According to the first method of manufacture described (protocol
m1), the pH of the solution B is preferably comprised between 7.0 and
10.0, and more preferably is equal to 8.0.

According to the second method of manufacture described (protocol

25 m2), the pH of the solution A’ is preferably comprised betwéen 4.0 and
6.0, and more preferabiy is equal to 5.0. |

According to the second method of manufacture described (protocol
m2), the pH of the solution B’ is preferably lower than 3.0, more preferably
lower than 2.0, still more preferably is equal to 1.0.

30 According to both the described methods of manufacture (protocols
m1 and m2), it is preferable to operate the manufacture of the catalytic
material in the temperature range of 30-100°C, more preferably 50-90°C,
still more preferably 60-80°C. |



According to the second nethod of manufacture described (protocol 25nR),
the pH of the solution A® is preferably conprised between 4.0 and 6.0, and

nore pref¥PABIYI68K7equal to 5.0. Accordi ng to t heP€EdBHA2/HET0d of
manuf act ure described (protocol nmR), the pH of the solution B is
preferably | ower than 3.0, nore preferably lower than 2.0, still nore

preferably is equal to 1.0. 30According taoboth the described nethods of

manufacture (protoc@godn résdtsiverét olstalicdl CWathl etHed RRVARG ERalytic
manuf acture of the catalytic material in the tenperature range of 30-100C,

nmore pref er abl gOBPOS@ONSstil| nore preferably 60-80C. - 20 Good results were

obtained with the fqllagw catal vti osi liagns, 1 ) . 50x,
as obt ai ned throughqth W?ﬁr’tg?"cf?dr esog)r@ﬁgg ﬁ@@gn’ﬂﬁepfto?@f g?%ﬁ’%ﬁﬁqn t he
description as Example 1Clfarrdds keiretmabscriptibn as samflecmmg.(sgefb@mple as
obt ai ned throqu the protocol described in Exanple 2, referred to in the

descriptien as '$anpl e CVvn2, (see exanple 2); 3. M0.5Ce0. 4Zr0

10x referred to in bhesdessripti amn| P e : )i
2 \ho. 4Ceo 3T 0. 308 TUPERFELF:, s, TiaAEE Srblii e BrabtolCyeRRisedln o
exanpl e 4). Exanmpie Z;atferidd to potheodésdriptionsas sadiphg QM 4, {ee@rexaadle

I nvention can tionally be dispersed on the surface of the supports, to
| » | sed ur f a pport s.
i nprove the 154/nmechani cal properties and to mnimze the concentration. To

this ai mtechni quesac 0 “wdlr: k RGhti ..,
Powder Technol ogy 288%?3?%?’%‘3’3%@3;&2%%9.tg&éﬁ%gggg@tg& S %ﬁ@?} %Ttl\/le%Wr'\ol ogy
190 (20090 200{ss¢xamplenld); " wash coating”, providing for the use of

sui tabl e bi nders. 2QF exe ificative hut not Jlirnitative pur of the
o bsant i vont | on. -8 Mneateiblia ox felEa s n BFF desitioh &Y Saie BT oo,
zirconia, tit?(@eﬁéeﬁé&ﬂ?%)ﬁ" um no-silicates, zirconyl-silicates, silicon

carbi des, silicon borates, nanotubes and carbon fibers, honeyconb ceramc
structures, ceran c Thadcatelylic qoenpositicns ageerding to the present invention can

optionally be dispersed on the surface of the supports, to improve the

15 mechanical properties and to minimize the concentration. To this aim
techniques can be used both of “dry coating” [S. Otles et al., Powder
Technology 208 (2011) 378-382 ; Y. Ouabbas et al., Powder Technology
190 (2009) 200-209] and of “wash coating”, providing for the use of
suitable binders. ‘

20 For exemplificative but not limitative purposes of the present
invention, as the suppdrt material can be cited alumina, silica, zirconia,
titania, quartz, alumino-silicates, zirconyl-silicates, silicon carbides, silicon
borates, nanotubes and carbon fibers, honeycomb ceramic structures,
ceramic and metal membranes, and more.

25 The catalytic compositions according to the present invention can
be in various forms. For example, they may be supplied in the form of
powder, that is, of discrete solid particles of diameter less than 0.5 mm, or
in other three-dimensional shapes (e.g., extruded, pellets, Rashig rings,
etc..) of variable size between 5 and 50mm.

30 If the composition is in the form of powder, in general the average
particle size will be of 1-500um, preferably between 50 and 150um.

The selection of this range of particle size is particularly
advantageous for the purposes of application of the present invention, the



25The catal ytic conpositions according to the present invention can be in
various forns. For exanple, they may be supplied in the formof powder,
that is, whaizsesste solid particles of diameter |ess tipamid20a2/00m720r in
ot her three-dinmensional shapes (e.g., extruded, pellets, Rashig rings,
etc..) of variable size between 5 and 50mm 30If the conposition is in the
form of powder, in general the average pagiicle size will be of 1-500pm
pref erably bet t

particle size | %et“;%)l CE]% &15 v%%tﬂaegera)-%gnﬁﬁ hﬂgeguér}ggs@sc’sg; applaﬁ{:at i on
of the presenttlmev&ﬁtham at Irteateﬂél ebsgcio \handiE rgdt evhichni doese nohecreate mum
surface area and at the_sanme time to have a pateri al to h ndle and
whi ch does not 'gf“é‘gfeé Bf pepargtionde %S/'M%{%F‘iéﬁawmﬁaéﬂﬁdam ly!
reactions (forpgx r)n fluid bed reactors). 5Structure, norphol ogy,
physi cal propertles ané met hods of control of the physical properties of

t he catal yti c Stieciubé nmonghatod\g| physic=d mdoperties arde matlesdsof icontral obthe

A characteristic el ement qf the, present.invention ig i.n particul he
nnovati ve st rRisial Bgnetiss ebils calivtc ad seadgorgita™o the
10conposi t i onsp@RsAT inkBAtiGHd ¢l ai ned. A characteristic elenment of the
present inventton is 1n particular the construction of innovative

cat al yti ¢/ adsor bi ngAchapasietistinelenant ®f dhe poesaniiaerdiomigrigfestieulanthecer i um

1 2 parts oo R0, RTS8 ErahAGRI O, B Rl

(see exaipl es &rﬁpogt,@ﬁg described #nd glairhed. char acteri ZI ng el enent of the
present knvention is in particular a nmethod of realization that, within

wide linits, allowsAtcharagarsticsplementof she peesenidnyantiondsupdarticylaethe

CoTmo L on SR P SHEale ISR RN b Iy,

the expressi oncdrapburds icf mhgadesbtahdieﬁr@natmth he aticwér phgso-patous
characteristics of the catal ytic/adsorbing, conpositions, such as surface

area (inner andfrésives )’V'tarﬁprﬁéers‘P)EtSﬁr(‘@'dl W?ffé’m‘sﬁﬁﬁe haNingd? Hrameterofaliing
pores). %rgfd-gh'ﬁn [}f}'n%e% Bf B1-PPnkP éﬁdrﬂ;glés%f 7t§q1ﬁresent

|nvent|on are or me particles of nanoscopi c spheri ci ape,
hereafter referred Aofurthenactupbierizing( etementimdl e pregiznt 7invention is in

particular a method of realization that, within wide limits, allows to impart

specific properties of texture to the compositions based on compounds of

. manganese and cerium object of the invention (see examples 8-11).

20 In the context of the present invention the expression texture is
intended to designate the set of physical characteristics of the
catalytic/adsorbing compositions, such as surface area (inner and outer)

t and porosity (volume, shape and diameter of the pores).

| The catalytic/adsorbing compositions of the present invention are

25 formed by particles of nanoscopic spherical shape, hereafter referred to as
nanospheres (see examples 1, 6, 7).

The catalytic/adsorbing compositions of the present invention are
composed of nanospheres of uniform size (see examples 1, 6, 7).
The size of the nanospheres grow or shrink in view of the

30 experimental conditions of implementation and the chemical formulation
(see examples 1,6, 7, 8). |

Without whishing to be bound by theory, it is believed that the

nanospheres are the discrete units at the base of the final structure of the



The catal ytic/adsorbi ng conpositions of the present invention are conposed
of nanospheres of uniformsize (see exanples 1, 6, 7). The size of the
nanospherW¥® 20120847 shrink in view of the 30experi nment alPCEaRiLNWOAER of

i mpl ementation and the chenical fornulation (see exanples 1, 6, 7, 8).

W t hout whishing to be bound by theory, it is believed that the nanospheres
are the discrete units at the base of thedfinal structure of the 22

cat al yti c/ adsogRhylicHIRBASING cBAPRItiIcNEHfIRE pR&derit IMRIMtATs 66 @Rampiedhes 1,
6, 7, 8). V\??hout whi%hi ﬁg) to be boung by tr|1eory', ir(t is believed that

the catal ytic @offBsitions form ng object of the present invention are
materials 5 structuy nanoscopi c | evel ..obtained tho e

aggr egat i on/ aggl one a PgL V@{]&%@Sdton %oé%l_ﬁré(fé)g m'lea%'-é Pub?ﬁ?vgegp ﬁ@é}emeal s).
Wt hout whi shi estalytic eripisitibrieYiotipRf dbjettofithie Prééananivdriion draenasigrpher es
are the "building block™ (brick) of the innovative structure of 10t he

catal ystsSof t$EIGtuiasht i @h (e erangsicepicl, lgvel7, ehtained  thrpudibut the
whi shing to be%gfggrgggtié’n%/gégﬁ%é’ratig%o'r§f beédi&“ﬂa{n{%‘fﬁher{e& 3RS G ar to

ot her nanostru ral's™r ed Th the erature e weavi ng of
the catal yti c/masaridid)ng conpositions of the present invention can be

properly carried out according to a precise pattern Qr a 15specific, project

(see Exanples 1, 6, YWithogh :whishlng Wpﬁoﬁ?u%i%FWWoitb§ B%Uﬁﬁfdpﬂ’qthg@r y, it
i's believed thal 6&@%&&&%&@%&?6&1&% ik (G a&f?h&ihﬁo%ﬁ@%ﬁdc‘ﬁ@@of .
'? he p accordin ete

form ng object 0O resent invention Is, gtot chnol ogi es
curr ent | yo avai theldatalyststafithalinventiohyseaéxamplass1 V&%, 8 hr ough t he techni que

Vears soms manuf act GRARYE VEUATHNG Jecom BrurBekk BEGR) b Bubeleech it Fgt oved
the texture of nhhRef &iilaritb ot RatistieiieddnagriaR epolted iAlke Mtaanese. I n
particular, in W200/7/069238 it is proposed a new nethod for the
prepar at i on oftheowysmsiing oofs thas eatadytic/adsorbing compositions of the present
invention can be properly carried out according to a precise pattern or a
15 specific project (see Examples 1, 6, 7, 8).

Without whishing to be bound by theory, it is believed that the
special structure of the catalytic compositions forming object of the present
invention is, according to the technologies currently available, obtainable
only and exclusively through the technique of the embodiment described

20 in the present invention. |

In recent years some manufacturing techniques have been
developed that have improved the texture of the catalytic compositions
based on cerium and manganese. In particular, in WO2007/069238 it is
proposed a new method for the preparation of compositions based on

25 crystalline ceria (CeO,) and trivalent manganese oxide (Mn2O3) with high
surface area. However, the method described in this documeht, in addition
to the application limits due to the complexity and large number of
operating steps, does not allow control of the porosity of the compositions.

In addition, the method described in W0O2007/069238 does not

30 allow the control of other important structural properties such as crystal
size of cerium and dispersion of the two compounds. '

Without whishing to be bound by theory, it is believed that, by

controlling the process of growth and aggregation of the nano-spheres, it



25 crystalline ceria (Ce02) and trival ent nmanganese oxide (M203) wth high
surface area. However, the nethod described in this docunent, in addition
to the appbizomticsss7l imts due to the conplexity and | ar geTnuhzooont2
operating steps, does not allow control of the porosity of the
conpositions. In addition, the nmethod described in W2007/ 069238 does not
30al | ow t:he control of other inportant stpmctural properties such as
crystal size o {iea ' r 84 ief (o] d i gt hout
whi shing to beisbgﬁlddél% {Mgeg???ei?étigsmlgelcibgﬁpgﬁwﬁﬁgt ,rgéggaco%rqt rcglnlulmn\é\é@(?e
process of gromangangsadiavngispesifiofanchpraedeternsipedrsteyctural paspertiepdsse bl e
to obtain catalytic,c 0§i iAns based on cerium and nmanganese . havi ng
specific and pPgﬁgw% Erﬁed tYuctural properties (see exanple 1, 6, 7, 8,
9). It is believed itnidddliesed ain Ebﬂioulé}y_tl?é},”tB)D'ddn%llﬁw@etl$é Z878fof Mge
5nanospheres, one can determ ne the porosinmetry .of the rmaterial and wth it
t he extensi on oANesRharesapne gansienmiog the goresimaityesf the material @ndayith

Tnvent on are SAeEReBE DS PrabRsMBaFh shn ettt Y he? B cation.
techni que: 101. rel Theveizanefiithe OhanBsidRAES cofafite GRACE] iatcbRfing Ol ®seé t i on,
2. pH value of precipitation, 3. ageing tenperature, 4. initial oxidation

state of the nbBfegantcinyaatieeArendetrmined dys the follewinggparameteie off ke i ne
agent, fabrication technique:

10 1. relative amount of manganese and cerium in the composition,
. pH value of precipitation,

. ageing temperature,

. initial oxidation state of the metallic and semi-metallic ions,

. strength of the alkaline agent,

15 . oxidizing-agent,

~N OO O AN

. temperature and time of the calcination treatment.

In particular, the ratio manganese/cerium (MnCe) in the catalytic
composition according to the present invention is determined in the control
of the size of the nanospheres.

20 By varying the atomic ratio manganese/cerium (Mn,/Ce,) between
0.25 and 3.0 the diameter of the nanospheres ranges between 1nm and
and 32nm (see example 8).

By varying the aforementioned parameters of the fabrication

technique, catalytic compositions based on manganese cerium have been

25 realised comprised of nanospheres with the average diameter varying
between 0.5 nm and 40nm, obtaining mesoporous materials having total
pore volume variable between 0.2 and 1.0cm®yg, average pore size
varying between 5nm and 50nm, total surface area between 120 and
300m?%/g. |

30 In particular, the sample CMpy (composition MngsCeps0y) is
composed of nanospheres with average diameter of 20nm which carry out
a mesoporous matefial, having a total surface area of 160m?/g and an

average pore diameter of about 9nm.



156. oxidizing agent, 7. tenperature and tinme of the calcination treatnent.
In particular, the rati o manganese/cerium (MCe) in the catalytic
conposi t iR 28¢6BW ng to the present invention is deter RCHEHRGIKZ0GKE cont r ol
of the size of the nanospheres. 20By varying the atomc ratio
manganese/ ceri um (Mhat/ Ceat) between 0.25 and 3.0 the di aneter of the
nanospheres ranges between mm and and 32npz(see exanple 8). By

varying the af or enepyiirgdvBRhmgEtEbe BouhBeny aRebsAtit M Hefiehed aHat the
catal ytic conpositions based on nmanganese cerlum have been 25 reali sed

conprised of nigdgisheltbe catalytic sempositwge afithewresentdnyentpnoistpastieularys nm

between 0. 2 andoa0aRERG: Toh e B BaCisBbaR bR L sBs B TR S S
total surface pegatively vffedtetidsy pishciAONR bftrardfen opaidtiepul ar, the sanple
CMm (conposition MQO. 5Ce0.50x) is conposed of nangspheres with average

di ameter &f 20nm whil8R @anufagiure aoimoatdlwtioueomaesitipas | Wby PREES hating

surface area o . di; I 4
Wt hout whi ohi ool Bu%eBRs Rl SERIAAD BffofinCsi2dR Barfydnp dhvaidhels,
the catal ytic €ernhesigurposesfoft pplivationndf ithe epresent iisverdion. cinl &idty the
advant ageous for use in chem cal processes where the reaction kinetics is

negatively aff QE'E@HVNIS %BWW@nﬁat&YﬁP%%ﬁmws foruserin cotKiGRIACEEEESiIr e of
catal ytic CO”PQﬁffér‘irg’q]Sfr t;FYoBférn% Jfaé{éé&gﬂﬁlgy' 8 trid "THSEHRE s??@ie%xmw@! y

uni form size is particularly advantageou the purposes application
of the poesent 1D00uma) withjn the parous strioeturbjof thie vataiydictsystarovi de catal ytic

conpositions for use in catalytic processes, suffering fr obl ens_of
accessi bi 11ty of thb iPMIAWhNAIBEFEEPENMS RIBGLREFIt PR RECHBIYES
structure of tESr&J%t lo¥d Granfeter @2hm) materialst hdve 4 NAWRALAMOrEREE Irddq 'S
(pore di anmeter> 50n and m cro-porous (pore dianeter <2nm materials have

a limted inpocataidic standpeihtthaatrmbso-iporeuspipeidimmetenr2-hesm) puatedsl. (por e
di anmeter 2-50n terial. In fact, the macrq-porous catalysts..generally
e 5 | oner oot T et-pofads”FatanistS BRerA Bt g, Bl cated Sy
10n2/ g), 19hi | equiBeo &tvd Rw bUBasey st EeirdhTOnk/gh while&hs datsiytid pteisafith
(>300n21g) have problens of diffusional nature, due to the fact that the

di nensi ons of high internal parface area (rS00RY (BMvs Rrobiems wbsiffusionaimature.
reactant ol ooy &30 (hLad0ERIne hinSRIbRERY hd MClERORY SondPhcisdlite

conbi ne the du surface area,
to almost all of the reactant molecules (MW> 30uma). In contrast, the

mesoporous materials combine the dual advantages of high surface area,
20 usually ranging between 50 and 300 m?/g, with pore size suitable for the
access of reactant molecules of medium to large size.

Without whishing to be bound by theory, it is believed that the
manufacturing method described in the present invention allows to
improve the chemical and physical properties of compositions based on

25 manganese and cerium for use in the catalysis in liquid and gas phase.

It is believed, in particular, that the process of realization described
in the present invention allows to improve the adsorbing properties and the
properties of accumulation of the compositions based on manganese and
cerium in respect of different classes of organic molecules and in a special

30  way with respect to those known to belong to compounds highly polluting
and difficult to biological removal. This aspect is particularly important in
the processes of catalytic oxidation in liquid phase (CWO) of polluted
compounds which are particularly toxic and resilient such as phenol and



20 usual ly rangi ng between 50 and 300 n2/g, wth pore size suitable for
the access of reactant nolecules of nediumto | arge size. W t hout

whi shi ng WO 20e/1682Ad by t heory, it is believed that thePGRATIAZ0WAT2NG

met hod described in the present invention allows to inprove the chem cal
and physical properties of conpositions based on 25manganese and cerium for
use in the catalysis in liquid and gas phase. It is believed, in

particul ar, thgie ¢drBoRyIRCAGEs 6f IoveRldIgalAoNeidhsaTi-Bsd in the present
invention allows to inprove the adsor bi ng properties and the properties of

accunul ation of thelrcgeperel.ithemsatesaisawih adseking fsoperdies &re unaiket bedpect

of different c|agses.o: I G ol €3 .a L ja . WM
respect to t ho,sne n%\?\g}?rﬁ%ga}éE'ge‘q)8ﬁ§§hp®3n®§uhﬁlaﬂlp§8€egsl {)th ﬁﬂ%dl@ﬁaw W
difficult to bpatiegiatabdsetinggmatdiials saepPimescigity Usedlimthe tieapaehtof i n
the processes of catalytic oxidatign in |iquid phase éC\/\D) of polluted
conpoundsSwhi cﬁa%!F'émﬁaﬂfY'B@I%ﬂq 9“E'B§§tt9naﬁ6“\"é§i¢’i'(émor NSheRYrgsHeeRIs. 4hd 25
t he carboxylic J i = , the
mater al o i ¢ iR AR tgleBUISERo PUI ARt (BRE, PGk or troyblestielbiRtER -
field and in thedi pdisidtentalinpadcand ofater, oductheopreparatiant of Wystemadsbr bi ng
materials are comercially used i.n the trea 0 5 sanitizing, drying

. t ment of
and purificati SWOGTatPg‘(ﬂpr’f_@F SPRATAEPRPRY IR NG Pg‘%ﬁﬁ}& f prPﬁ%%%%?'ﬁ‘g mol ecul es
of pollutants, toxigpe %o%ﬁggérogéﬂi&l 8f cafaqﬁgdqbo sitiehs! Ewiidpdd al r

and water, in the preparation ystens of chromat ographi c separation and
in the cheani ngcadrdingote fie presamhinVérdicdace panticutarbpedvartagedbus Her the

tal yti iti |, d 10 di tQ th t i t]
par (1 oul ar ly oBURASAeBLAARIRRIN, BcRot Gioup e BadtERe” Bie B el Fow
to maxim ze theap%mé-'rém&@-a‘éaeﬁﬂaiaﬁteraﬁmovaaﬁtpeélﬁaihaﬁigh@ngolnﬁin@i Mol&dilléd n

hi ghly pol luting nol ecul es such as pignents and dyes, "pol yners (PEG,
phenol s, :al cohslich , asil pigmeaids and Ryesngslyreemse(PE@st phenelad aleshasyl i c

aci ds, contained in 15water from industrial Dpr SESs,. , : ytic
conpositions f8€jﬁh¥8e%ﬁ]ng§fet8?g§'heén_ﬁ%e Sﬁ%si %‘ﬁﬁ?&&%ﬁ%&%}dﬁoﬁg@@ﬁﬂ o]
renove, by adseapdrfidmandLAGglproteddedn, quantities of polluting compounds
al so equal to 100% of the weight of the catalytic conposition. 20Good

resul ts have been obb@icasalyiie cempasiiansr fopmning ehiect sfhe Present iaventahe
iti . , fi i ; ;
Gooor i bed i ERtEDY K 1o BRRRE biadsofMaH BRd dedlttidlior! GuBhfiarBte,

whi ch have shopolidtihngabomipoynts alsormeariahto Maltoast then weighetsohitiyh eatalptipar ed
to the catalysts of CWAO known in the 25literature (see exanple 12).

composition.

20 Good results have been obtained in particular with the samples
CMm1 and CMpm2 (compositions MngsCeps0«, respectively obtained
through the protocols described in Examples 1 and 2) in the adsorption
and oxidation of phenol, which have shown an ability to remove as much
as ten times higher compared to the catalysts of CWAO known in the

25 literature (see example 12).

Good results have been obtained in particular with the samples
CMm: and CM2 in the adsorption and oxidation of acetic, formic and
oxalic acid, which have shown an ability to remove as much as ten times
higher compared to the catalysts of CWAO known in the literature.

éo Good results have been obtained in particular with the samples
CMm1 and CM,2 in the accumulation of methyl-tertiary-butyl ether (MTBE)
at low pressure in the gas phase and concentration in the liquid phase

(see example 13).



Good results have been obtained in particular with the sanples CMn and
Cvn2 in the adsorption and oxidation of acetic, formc and oxalic acid,
whi ch haweo2ntvies2m ability to renove as nuch as ten ti BREI/TRIGYHEI01ITR0ONpar ed
to the catal ysts of CWAO known in the literature. 30 Good results have
been obtained in particular wwth the sanples CMm and CVn2 in the

accunul ation of nmethyl-tertiary-butyl ethes (MIBE) at | ow pressure in the

gas phase and concegbat ieits ThaVe bebfubstaitfeds f (p%@ﬁttﬁéﬁmheth@)samp?@s
Good results have been obtained in particular with the sanples Cvh,i and

CM2 in the adSdiptanth GiMmi ietheaadsarptien ¢t the samertims of haavynmalns(:and

Good rosui t & wardenis BeRiBEHeRETh soeterival B IR lelbBRHGind Blretane 1 »

the purification of Gaaat Reaitewerel Aldbesbtained myFaﬂt@alar wikty shdpled gmgal
properties and nmethods of control of the crystal-chem cal properties of

cat al yti ¢Sadsoapd @Vlmametheawﬂéetm af wgs@watﬁ@pcpihé%mﬂhl H@eiteSon Fromt he
crystal -chem CI@! Lgi ﬁ ;ﬁ g E t % ]E '
material s acco JiS Lal boPertidiCanf At BAE bF Roftrol SFand & sﬁ& Nerhiz Itypes
of solid phasegropeetidscdfl yatalytid, addoshing g Histbadlse acobrding tto dlivs epresentns of
hi gh resol ution transm ssion el ectron mcroscopy in (HRTEM and through
anal ysi s of X—M.Q_Hﬂal'ﬂfraction (XRD) The first phase is constituted by a
net wor k of nanoscop e e
ultrafine nanocrystgﬁrﬁgééo %;?ll es E#alﬂ r?tu!r)n1e % "%@ ng@%% B ?rf% a

di anet er 10f 1- Ganaiyt|agmaigaaledboccgdmgsdd the mlathrrpmnaanommmts of (BNC) .

The second pha sol i n crossli str tur. def i ned

Tt eous sl AMerantdyBes @saia bases: peBsely aied NGy ERPRBEonE Mt abi o
20 phase consi 5{)éé}9af?cf)n Xbid g @”Fés%ﬂﬁlo‘ﬂx't%%n%séﬁeefé?fh%h' 'rﬁlc%‘ﬂ:opé in
sem-netallic ement s or m n obj ect e present 1 nvention

Exanpl es - 14- 16§HRTEM) an‘mthroeglh ianatyistnobX- marubﬁnapboal(xﬂw Hhetfirel phasgs
CeOx, with 1.55.2, w dianeter, of the c | es, of less than 10nmis
very inportant ISf G sélgut{eﬂg)yparri%\ggg( 8{ n?ﬂgsiﬂ% %‘ECH'?{@W{?‘BF?S ¢ I?CBH?
"ul'trafing” sigsmpbsédeonanReinet danbbastalnes ove dXigeshen ealiumhegceipy ty of
the sane crystallite and i ncrease the surface area [J. Phys. Chem C 2010,
114, 12909- 12919]5<x<2 0) with ias diaoeter t ¢fafl-Grive, aggregatediorganisediighiNana abl e
inits crystal rﬁ!“? in fact, the ceria exists in a form other
than crystalli 0@13'%80( Jgreat stability alnost all the methods

known for the prepavﬁé isRoAd p%&ehyat@naaﬁeﬁ @BsSIRikedMstraa@iré adéffied as
formation of materials with well devel oped crystals of ceria (for exanpl e

with di mensi ons\/ltzeoas)y&@jldd\ﬂIXWreh(MSV) The Vitreous Solid Mixture is a metastable
20 phase consisting of oxides and sub-oxides of the metallic and semi-

metallic elements forming object of the present invention (see Examples
14-16).
The realizatioh of nanocrystalline particles of CeO,, with 1.5<x<2,
with a diameter of the crystallites of less than 10nm is very important for
25 the purposes of the present invention, since the ‘“ultrafine” size of the
nanocrystallites improve the chemical reactivity of the same crystallite and
increase the surface area [J. Phys. Chem. C 2010, 114, 12909-12919].
It is known that the ceria (CeO;) is highly stable in its crystalline
form, rarely, in fact, the ceria exists in a form other than crystalline. Due to
30 its great stability almost all the methods known for the preparation of
catalysts based on cerium lead to the formation of materials with well
developed crystals of ceria (for example with dimensions 20-50nm) or with



nanocrystal s aggregateed into particles in which the individual
crystallites of ceria have average size greater than | Ohnmor at | east

di fficul twbesr/tehgmn 6nm W2007/ 069238 descri bes t he mamrafTatioaz/eoont2
catalytic 5 conpositions based on crystalline oxides of trivalent manganese
(Mh203) and tetraval ent cerium (Ce02), the ultrafine size of which,

di aneter | ower than 5nm are obtained thrpugh a nethod of preparing type

"nanocasting" fanobYkidieafhRigatedd ﬁhoﬁfé?ﬂéléisg?] eHich e %?&i&ﬂﬁlﬂ&g&aqft ¢ he

primng solution in"a mcroporous matrix wh I s subsequently dissolved to

al | ow t he 10r eoboelig havetaverage aizgtgreater dpam 40nonocshleaishdiffiguit less than
Unli ke the net gﬁg,]cof preparation type "bottl eshi p" described in
W)2007/ 069238, ording to the present invention catalytic conpositions

are realised wher ei wOREOTDEYREB nedaseHe' t ithel amARTAGIARNt oF aRitayEE ed
directly without the use of mcroporous matrices. 15Unli ke W2007/ 069238,

thg Imet ho& Sf seréwasﬁipn&bqseﬂrﬁrpgw@l&m oahesr@fltﬁya@ehmawedmramsbm to
modul ate.and cgpfy rtgir%\zggnlsb%ﬁlgﬁ (,ﬁ}e@%@?@fr%gﬁ% eﬁiiletegizwﬂiwgfc‘lﬁ%ng%rtlgwer

Wt hout whishing to oun

si mul t aneous gthar Bvinpare@bbtdinedtiroaghaneetidd of prepanidg\ype éoasocasting’ des
20is the main result of fhe manufacturing nmethod descrjibed in the present

i nvention, whi 8h PQiH@shipo vhich preydesder thencenfingnjentofdberryimiagegolution

W t hout whi shi t Q. ; yid il LRV | sation
of ultrafine ngﬁgcmg? I'T1T ne ”géétr”%.h?ﬁ@ &%)%P%\naﬁﬁt? EQ_SEE%H( ?&%gbﬁe\mi

di aret er 1bower redoaentohfhevedthlytiapeepavatoni ebetaireedhindt.| at ti ce 25di stortions

in the crystal strugcture Rf the s oxi des_. of ceri,,r’r}Ce Xy Wi th, .
(i e Variations ol (Fpameiad s Biepaicmdves BPHERDEENdeertoed in
the. present | nuare o e Rour i ne oo e asad by ' Reni adgho o
bel i eved t hat cmweitibealareateaﬁsedovVhereim ahé mﬂirafﬁmnamaticwlaebpmptdnehés

O e b St R ok AR R RIS e
presence;gf trival eghlike§v02007/069238, the method of preparation forming object
| of the present invention allows to modulate and control the size of the
nanocrystallites of CeOy, with 1.5<x<2.
Without whishing to be bound by theory, it is believed that the
A simultaneous generation of ultrafine nanoparticles and vitreous suboxides
éo is the main result of the manufacturing method described in the present
invention, which leads to an improvément in catalytic performance.
Without whishing to be bound by theory, it is believed that the
realisation of ultrafine nanocrystalline particles CeO,, with 1.5<x<2 (i. e.
with diameter lower than 6nm) will have more defects and lattice
25 distortions in the crystal structure of the same oxides of cerium CeOy, with
1.6<x<2 (i. e. variations of cell parameters and vacancies of oxygen ions),
improving the catalytic' properties of the compositions forming object of the
present invention. '
Without whishing to be bound by theory, it is believed that the
30 realisation of ultrafine nanocrystalline particles CeOy, with 1.5<x<2 (i. e.
with diameter lower than 6Inm) improves {he stability of the catalytic

surface to the oxygen vacancies caused by the presence of trivalent



ceriumions (Ces+) and/or by other cations in the crystal lattice of CeOx,
with 1.5<x 2.. Wt hout whishing to be bound by theory, it is believed
t hat the WORR/WBF7i s characterized by. a strong het er og@Q&iIT3012/p008 e

val ence and 5 the degree of coordination of the Mh ions, fromwhich follows
the formati on of sub-oxides. The areas of the material in greater oxygen
deficiency may represent areas of higher pegactivity, inproving the

catal ytic perf @éﬂa@cwsoqcé%eaﬁ@/@mw &thePTaBBheGh tRé c‘rﬂﬁaﬂa@t’ﬁ%‘bf gu@tion
in oxidation reactions. 1t is also believed that the phase DNC al so acts as

a supporting 1@ithtt.6sx<k.e, able to confer greater nechanical stability and

to favor the nutual  dispersjop. of the different conpapents, whil he phase

MBV assunes the rol ﬁh?dp“zd‘ﬁé@BWI E‘bg)reegQHf‘.g by theo&}jt' dﬁltbe\”ﬁ}@?\itﬁ@% _tﬂ'(‘)e be

bound by 't heor phaké MSVhEIcharRdern it by Q%twﬁé@%éﬁ@gmﬁtthewmw&d in
I | at e T he anbunts of

the present invention allows to 15 nodul a the two solid

phases, i ®provihaydegreeceficrioydinatipre of thenlindens,tfremaovhish bllosvsetiiecfarmation

characteristics ang tilaus t]he struc gﬁal nd Imechan' cal ro%erf.ti es of the
catalytic compdbPHPENIes, ToE ders Al dhe madstiel Prajals! dnyBen deficlentypay u¢
whi shing to berdsesentirdaRest tighet régctifiy,| ifytevingathet ditaifia erormahcENC

phase can be controlled b'il' adj usting the paraneters of the production
process. i of thepepmpesitians objest a%tb@mreéentlavemﬁn i eddation reastions t he

trol of the | . J i i ti >
xarpi e 17) accor dltrs T8oLBYET i@ e BriRk TNE BBoRRR s Pofuiing
preferabhe 25astrastivet able BNCapfiers grédtet eectadritalt stabilionRerl té Favoothé ower

than 40% nore preferably equal to 50% still nore preferably equal, to 60%
Degree of di sp8Hvah dispesyien qoipthes iffereat (rarmrengnts. dlentith fdysert Y the
catal yti c mategial ' ; r és?”‘ I nvention A specific aspect
of the present ralg%'\j/@ﬁ??tg%hgg%’?ﬁgﬂregelgﬁlia%gfl n of nano- 3 0 structured

catal yti c conposi ti bithout onpishingdtmbes bbard deys tbéonyarnp s deticasd that tad i ne

crystalline nanoparticles of CeOx, with 1.5x2 (i. e. with dianmeter 1-6nm,
characteri zed nyfactyrng; g15eh Oq,egﬂﬂ[bpps iR ofRso MEgsent invention aﬁlows to

15 modulate the amounts of the two solid phases, improving the catalytic
performance, the crystal-chemical characteristics and thus the structural
and mechanical properties of the catalytic compositions object of the
present invention. '

Without whishing to be bound by theory, it is believed that the

20 amount of DNC phase can be controlled by adjusting the parameters of
the production process.

In particular, the amount of cerium is determinant in the control of
the levels of DNC phase of the catalytic composition (see example 17).
According to the purposes of the present invention it is preferable

25 an amount of DNC phase in the catalytic composition not lower than 40%,

more preferably equal to 50%, still more preferably equal to 60%.

Degree of dispersion of solid phases and uniformity and homogeneity of

the catalytic materials according to the present invention

A specific aspect of the present invention is the realization of nano-
30 structured catalytic compositions, comprised of suboxides of manganese
and ultrafine crystalline nanoparticles of CeOy, with 1.5<x<2 (i. e. with

diameter 1-6nm), characterized by a high dispersion of its components



29 and an increased anmount of manganese in the surface |ayers of the sane
conpositions, both in terns of concentration and in terns of active surface
area exposedo(sessexanpl es 18 and 19). The manuf aeCunet/owatzal ytic
conpositions with high content and dispersion of the active phase (M and
M-Ce) in the surface |ayers of the sanme conpositions is particularly
advant ageous for the purposes of this patgat application. The aimis, in

fact, to provi daynapchidse téﬁ@dn@é’ﬁ%%%@ef\sgﬁ)mg durbRe Ia?%ﬂéﬁ%%a&%x

sub- oxi des of nanganese an trafine c nanopar
wi th hi ghly actompositionbebatbyindetm®of obnaergeation aral indelres op active sudace
refractory (resi stan%%sto t he norrIa.I ﬂgroce es of oxi.dation. An

i nport ant obj eBfF3/8X erdn@eﬁreé@g?ﬂ % and; “i's the realization of
nanostructu T ed cat ht hanGRERRS! b1 eBRIVIEOBSBELABNS W BINGH 4Rl and

manganese and ultrafine crystalline nanoparticles o

char act er 5zed Hispersioraf the actiumphage (Me aadtMoghndbe isurfahe layers of the ayers
(i. e. Mi and Mi-Ce > 20%.by weight) that |eads to re catalytically
Seiive surace ATEcqBanbaYs '€ PaRidAHE byFREBebls TOBIe PO et ol i
het er ogeneous patenh \pblitatioN TH ailh &, a8 Pe& fo pfovide AhAB-stitiRAIrba el BE
catalysis, as the reactant species after 20 be;&g chem sorbed on the

/

surface of theceapgsijions, rmaneplisad ofr subcaXides cof/ tharganaseedngy utiafingti ve
sites present qn surface of th talyticall tive phas acti.ve
phase). The nuﬁ{yéiaq@?e t%@%‘f'?@e&si&?ee@"iwg e&_s%%é f tmg?lﬁeagﬁ‘_{él '{)t iﬂE%I ly
active agga andxidafiéh eé@b?gamtrhore@alééogaﬁmumw eafradtenydi(RREtANY MO thd he
active phase in the surface |layers. At 25 the sane | oad of the active phase

and total surfheenarpacesses ofppddatian.ve catal ytic conpositions are known to

of the techni ques of PRI aRsHve al G TeS mupnios st ERMARATRL, €7

and industri al ndAEstticurddor cataRMiB! eonfsositishspr @onpistiagi @f, sub-oxides of
deposition-precipitation, inpregnation, spray-enulsion, electro-spinning,
conbustion, etmangagese anst uliafioe aryetaliiegl nanapasticles of L&y with dci%zré& tions

the I ovelSor dFCEEArBRdoPY  harBateramBlaL of Reradid, PRate ity Siliete o 1"
catal ytic actiyeys (i. e. MAWEMPWMN-Gd shi2og, thy hesigistintablesdeasya inbré s

believed that the new process for manufacturing catalytic materials
accordi ng to tBatahticabnactive sufacs awe GO06WAk o provi de nano-structured

anactystal 11 es. of TERGHTARE 10 ipertioh U AEl e hctioo R WARE e, or et | e

concentrati onsaépectdof greatéripmpiostadice forcardysis,cam the veéddiant spedies afteons in
the properties of weaving or reductions in the extension of the surface
area (sedOexanpey 1@egnigamedg)on the surface of the catalytic material, are

activated/transformed by the active sites present on the surface of the

catalytically active phase (active phase). The number of these active sites

increases with the catalytically active area and, therefore, with the

concentration and dispersion of the active phase in the surface layers. At

25 the same load of the active phase and total surface area, the more active

catalytic compositions are known to be those characterized by a greater
dispersion.

It is known that most of the techniques of production of catalysts

currently in use in commercial and industrial use (ie, for example, co-

30 precipitation, deposition-precipitation, impregnation, spray-emulsion,

electro-spinning, combustion, etc..) does not allow the realization of

catalytic compositions with high concentration of the active phase unless a



W t hout whishing to be bound by theory, it is believed that the new process
for manufacturing catalytic materials according to the present invention
al | ows t ovolpen8estie preferential accretion of a solid poageou/omwiTespect
to another (ie MSV and DNC) in the surface |ayers of the same 15
nano-structured catal ytic conmpositions, consisting of sub-oxides of
manganese and ultrafine particles of nanogpystalline CeOx, wth '1.5x2 (see

exanpl e 17). lﬂrkew fedQkfionVis P@glﬁ§18| be diohY of BGO attive OI#a%eb%* gy ed

that the particular structure o e catal ytic conpositions the present
invention 20 eudacs areabandichialwic agwityst t he nanganese at ons exposed on

the surface of the onposi ti,ons,, favori t her.efore hed vel opnent
of the surface ar eaegg?%%ﬂrwﬁﬁ'agttp\r}ﬁ 90‘(”'(@ Mﬁﬂg A ,{}Hs%llei/eé that the qvﬁ
catal ytic C0W%ées%”ﬁ)rohatn@?ad?uwrHatéIW@%éfé'ﬂlal%O%%%l%lﬁg Rb MRS present

concentration of nmanganese atons in the surface [mﬁers than in 2gdeeper or
bul k (see Sexamventios algws9)to prOVIdeThmrm—@taniu ceatalylici @omposiionganese

[ h f | f f th
nventi on can SPOITEY. o 85 oRRER o biarBANBRS Ak B inec BnSirvSialies of
catal yti c conpgyd, Wih ‘Pf5<§<§' \th?gm GREe ThadaricdneVet hORighUéorBigiraribhd a

di fferent. met hod (see exanpl e 18) 30 The "extension of the surface area
due to the oxi deadsy isntispenseddn ;airaeehlonlm wmn@utaitatqtnns io s psoperties off t he

present invention nay als e r t hap t hat r orted ot her
oot ti one oo tefichSnt ftihd sRERsir e hecihrs ea RRR HEMANS L1 o
(see exanpl e 198.and 19). Wthout wishing to be bound by theory, it is

bel i eved that the thgh di spersi on of nanganese in the catalytic conposition

forming object of t tftﬂ%éf@ﬁshmﬁ\lerhei bouns birdhearvaitds ihediewed dsattthe newunt

Whout wi shi BB ReBoREI D oIS ot SRR e Pl
anount of nangaivestioh allohe &ubibmetH@p%ferm@mtc@tbheofa@tsbw tphagk with
oxidation in the processes of of organi ¢ nol ecul es (phenal s,

car boxylic aC| mspas) de cewtirinde '\é‘@\’,’ ar)d ) Kotheasvdase laxais & theyaamele,
10anmoni 3 g, ﬁ)emamﬂcﬁneﬁr %a'?éﬁ%d Ce&ﬁpb&ubﬂg' %%t(n f rc?f‘:ts%\lo%aeé hggusual

treatmnents of o ace 0O e ca I C conposi tions of
the present i nvweangameseaandaltedimgl partitiesnoft hangwystalline ey aitht hé<gizm cal

fornulation and the number_of conpounds and phases that conpose it.
(see example 17).
Without wishing to be bound by theory, it is believed that the
particular structure of the catalytic compositions of the present invention
20 exerts a stabilizer against the manganese atoms exposed on the surface
| of the same compositions, favoring, therefore, the development of the
surface area catalytic activity (ie Mn and Mn-Ce).

The catalytic compositions of the present invention possess a

higher concentration of manganese atoms in the surface layers than in
25 deeper or bulk (see examples 18 and 19).

The atomic concentration of manganese in the surface layers of the
catalytic compositions of the present invention can also be three times
greater than that present in other catalytic compositions of a similar
chemical formulation but made with a different method (see example 18).

30 The extension of the surface area due to the oxides of manganese
present in the catalytic compositions of the present invention may also be

four times higher than that reported by other compositions of a similar



15Wt hout wi shing to be bound by theory, it is believed that the production
process described in the present invention allows to obtain a catalytic
conposi t iwAIAN6esEs7ch sub- oxi des of nanganese and whosePOITIT20M2/0@172
nanoparticles of ceria are distributed in a substantially uniform manner
over the ‘entire surface. 20G ven the particular structure of the catalytic
conpositions of the present invention, constituted by at |east two chem cal

el enents (le, wneﬁﬂsﬂal%}n@aﬁoﬁknb\ﬁﬁ% tﬁé"ﬂeﬁ'éthf@(s@éte)?é?h i 1hases (ie DNC

and M5V), it is possible to identify t di fferent types of "di spersi on.
For the purposes of Witheoysrvashbing ﬁOnb@thUOd bys thisiry nidds helieyadhthat the high

25di spersion" the |evel er5| /d| trlbutlon A th
phase eV, dressiofor oS Shie fetiisctimBPtian RS BeiRetirate s

"nol ecul ar di spessdriinnvénton giothotes FHE RRIIGASHY tHes hfridumt loﬁ)ﬂhl@feldhférﬁﬁﬁnt
chem cal elenents within the two phases. 30Phase dispersion of the

cat al yti c 5mat ethepepeificf ayee pbtherrame eempositidienti on  The size of the

ul trafine nanocryst r I
intimate m xing of t @%ﬁigé@ng\@bag%o@gbng\%&gb? ﬁg@e‘%ﬁ? ?@ gr@ﬁ(?)elss
described in thegqurgsenimanyaieiseoin th@ksurfdve wdrecmmrftet hihec attibitit iof

conpositi.ons of the present invention extrenely honbgenequs and uniform
The catal:ytic O¥i#ad8ent inodke dprocaesss &f emVARYE tQTGﬁn@o”PRi?C‘éﬁ%V\(@ends

significant di gy ﬁ@%cﬁ&sorﬂéfd'f‘&a?r%ﬁé bﬁfc Z%Tnfdaﬁ\% 55\‘1’18‘%&ule‘é’”{c§lgnﬂ e not

present on the sur ce o recra eas Of segregat|

charact eniozed bynraoniaf f etoa);twlmohmt pamcoiarlyftokrmeanweﬁrabtody phathesusual ‘
The chem cal anal ¥5| ) of th surface of the catalytic conpositions of the
present invent fEATNRBISQ{ACAURR t he chenical conmposition varies from

The surface of the catalytic compositions of the present invention
can be complex from the point of view of the chemical formulation and the
number of compounds and phases that compose it.

15 Without wishing to be bound by theory, it is believed that the
production process described in the present invention allows to obtain a
catalytic compositions in which sub-oxides of manganese and whose
ultrafine nanoparticles of ceria are distributed in a substantially uniform
manner over the entire surface.

20 Given the particular structure of the catalytic compositions of the

' present invention, constituted by at least two chemical elements (ie, Mn
and Ce) and at least two different solid phases (ie DNC and MSV), it is
possible to identify two different types of dispersion.

For the purposes of the present invention is defined as “phase

25 dispersion” the level of dispersion/distribution of the phase DNC in the
phase MSV.

For the purposes of the pr'esent invention is defined as “molecular
dispersion” the level of dispersion/distribution of different chemical
elements within the two phases.

30 Phase dispersion of the catalytic materials according to the present

invention
The size of the ultrafine nanocrystallites (1-6nm) of CeO, with

1.5<x<2 and the remarkably intimate mixing of the phases DNC and



10 point to point (spot diameter of 0.05 uM to a maxi numof 6% conpared
to the average, this value falling to 4 %in the conpositions with a high
concent r avpan120f68%5er i um and manganese (see exanpl e 20). PEbITEDUL/B00172

di spersion of catalytic materials according to the present invention isln
the catalytic conmpositions of the present invention, the points of the
surface with nanocrystalline donmains (DNCyz2are characterized by the al nbst
excl usi ve Preseing. GhtafiRid With A If8cedsSascritREMh NG Dresent invehtir, Make

catal ytic conpositions of the present invention, t points of tHe surface
where there isthéheswiaoesows thel ichtalytic uwcampoStipnsref 2be presentt iventioh by

t he presence o ' ' maﬁﬁanese and ot her elenents, with each

f cati nﬁ of ceriu
other in conceﬁf‘&ﬁ'ﬂeg'n 9@998ge%néﬂﬁél OB the chemical fornulation (see
Exanpl e 21). TRet &&a%és&rg@/siﬁéné ke that Fe¥bhe irﬁ}é‘ﬁgeﬁ' do Bt How he

present invention, the ceri'umand nanganese cations are bound to each other
i n a 25no#/- coosiginifiant diffeagnces aghthexareas of swifpce themistyCaviich @ne ciot | eads
to di spersion qf t igni.c el epents. : The contact between the phase
and the DNC MO9S LcoBmie SREHSER, Bhgihe rePRIpeaBle N Tsesa ol oxtatsiatn.
reactive inter tRgRctdrizearpa difféfehteatcentialibn of tite Heo BelipPhised. heory, it is
believed that at the 30 interfacial area it is reached a high |evel of

i nteraction betweenTha&hgntieaanalysis efthe surfage ofithe eatalytisscempositioas ¢f i ¢

activity due t | : : 1

W shing to be BSUREEYTEAEsTohindEaleuRt il EngRfta BRikidon Yatds fom
activityiof t hpomltmpeirni(ﬂm didnetsr off0.0haMrteseniaximuensf £6% soinpared
processes of oxidation and reduction is directly correlated with the

interfacial ar &athe averagg; g valiestalling tx tthé & tieerrEPEsitiaRn WA figh
structure of cabalattionBrcRiuA Sndrididindde!(Sed BRampRS 80y, | nvention

Molecular dispersion of catalytic materials according to the present

invention
15 In the catalytic compositions of the preéent invention, the points of
| the surface with nanocrystalline domains (DNC) are characterized by the
almost exclusive presence of cerium cations (see example 21).
In the catalytic compositions of the present invention, the points of
the surface where there is the vitreous solid mixture (MSV) are
20 characterized by the presence of cations of cerium, manganese and other
elements, with each other in concentration ratios dependent on the
chemical formulation (see Example 21).
In the phase MSV of the catalytic compositions of the present
invention, the cerium and manganese cations are bound to each other in a
25 non-coordinative way through oxygen bridges [-Mn-O-Ce-], which leads to
dispersion of two ionic elements. ‘
The contact between the phase and the DNC MSV is accomplished
through the creation of an extremely reactive interface of contact.
Without wishing to be bound by theory, it is believed that at the
30 interfacial area it is reached a high level of interaction between the
different elements, which improves the catalytic activity due to the
synergistic action of the same elements.
Without wishing to be bound by theory, it is considered that the



An inmportant result of the present invention is the realization of

catal ytic conpositions containing sub-stoichionetric oxides (sub-oxides)
def ect i vewonot2rsss7of oxygen content. W thout wi shing techarhoodiizy
theory, it is believed that the 10 presence of the sub-oxides in the
catal ytic conpositions of the present invention enhances their ability to

chem cally sorbing oxygen and 0xygen m)l egyl es. The el enents cerium
(Ce) and nanga LCN%]C)'
non- st oi chi OITE'[EI‘SI C t'r\l}ggcqﬁ th‘teaﬁfl [ ne letfgscont '%%Fﬁg ven ogallrt] |tr(])%s

(solid sol uti opsjces$bssof td)edaiainaleytd Gedocmnsusl dmectl;ascmdred:ateklnmm the
conpounds of r“g nese and cerium contain various mxtures of the oxides
bl ocks of the IMETRFENYKREs (ie, MO M02, M203, Mi304 and Ce203, Ce02).

In particul ar 1 3 Chj [ e npf
andeeOZ e l%% Q@agtlé_ 6{ qRe éfehﬁ’e%t% gre%éﬁ{ ua tﬁ’e Ritkretite oP ca%%%%l)

195] preseénts nzatanlaistascomlggmmmpr@mﬁbmﬂeam I\/h02 mai nly.

O herw se, the catalytic 05|t of the present invention.c ntai

i ghly def ective nafd- QAL sultcel e presert miation it dbe RAIFAIOREs o
consi sting of aawtrce@yﬁ\péaiubﬁsreeﬁtauhﬁmgofsugls@oléh@m‘éth@r@&dés: (Suh-BRRies)
25(sub- oxi des) of ‘manganese and cerium hout wi shing to be bound
by theory, it defastive dvtarmsefioxygenisiogtentevel of di spersion of the elenments

present in the cata of .th

greater defectivi tnyWEQ @@ﬁﬂ‘aﬁ Q‘E%tb%”é’h:‘%x {r{eegﬁg 'tbgug’g %\8&[ ﬁgg{ @éi t is
bel i evediphat pregumaeasete BUPDXide® PXIEEBatdiytit d@ﬁ@@%lt%ﬂs%\'dthe present

non- coordi native way, form ng sub-stoichionetric oxides (ie phase M5V), in
which it assunﬁyeﬂaamnh@nﬁ@ﬁﬂomraaﬂw t cheicaly sarbingi @vgew anbexyI® hi ng
to be bound byn{c{lﬁ I's believed that the phase 34 MSV increases ions
vacancy (02) in e crystal lattice of ultrafine nanoparticles. of CeOx,

Wt h prom)tl ng furtfae ekintente cefent (Cenandt nargatieseo(Mnpriend tohdoren ystal
| attice.

crystalline oxides and non-stoichiometric but no crystalline phases
15 containing both cations (solid solutions). Thus, the catalytic compositions
based on known compounds of manganese and cerium, contain various
mixtures of the oxides blocks of the two elements (ie, MNO, MnO3, Mn;03,
Mn3;0O4 and Ce;03, CeOy).
In particular, WO2007/069238 describes the exclusive presence of
20 Mn,O3; and CeO, while Chen et al. [Appl. Catalysis.B: Environmental, 32
(2001) 195] presents catalysts consisting of CeO, and MnO, mainly.

Otherwise, the catalytic compositions of the present invention
contain highly defective nano-crystalline ceria in intimate contact with a
phase consisting of a vitreous solid mixture of sub-stoichiometric oxides

25 (sub-oxides) of manganese and cerium.

Without wishing to be bound by theory, it is believed that the high
level of dispersion of the elements present in the catalytic compositions of
the present invention confers greater defectivity in oxygen.

Without wishing to be bound by theory, it is believed that

30 manganese binds to oxygen in a defective and non-coordinative way,
forming sub-stoichiometric oxides (ie phase MSV), in which it assumes
formally non-unitary values of oxidation.

Without wishing to be bound by theory, it is believed that the phase



W thout wishing to be bound by theory, it is believed that the 5 oxygen
vacanci es and the presence of sub-oxides increases the nunber of sites of
Lewi s aciwe 2prse9sy on t he surface, making the catal yti @Ceonpozhiiiens of
the present invention particularly reactive towards the el ectron-donors,
which results in a better ability to chem cally sorbing oxygenated organic
speci es. ‘10The presence of lattice defectsain the ceria and areas of high
unsat uration SMeW intréties WHsAIVatangy ABR0GH UM QydBe IMEBOsPuIRkARG S
patent application, as it inproves the reactivity o e surface towards

t he oxygen, prnanopargtjctelseofo&e@atwm1cﬁ<)@;|29@mmomg éartiherslattieer defeotsyand
(resistant) to f{he no of. oxidation. 151t is known that the

per f or manice of S4° B%f’éﬁ@?‘@"d%ﬁ'é%&@g lglieenunber of active sites and that
these are identifi aWng)g{P'r\g%ﬁlﬁ@ 46 e AR byUtedrd ff”%r BFIlé’\fedSQﬁéts tM

| attice defects and e | c “unsat urat1 ons: t1-conmponent
catal yti cSsyst exygen hacamlewanshthespresencpe of subraxided increasssi thednumbehe

contact zones nterfa erefore, eir concenfration d ds on
Che degree of B SBeSPh oS “aciiy PrRREnt ok 1% [ eip JBAKIEn L catalgtc
present invent b@mpbbﬁloﬂée@fstHB)%tres"érfteﬁléﬁtl&Y 6é?ﬁc@éﬁ§6r@‘éé‘tnfé tb\%?dsc%e
defects and el ectronic unsaturations are those in which the ultrafine

crystal |l i ne natlegtionidansss,( BREh aesultsn inlia dettec ahilityt tonichamicallypaerbingvsy

where the shor f i igher. 25 Wthout wi shing to be bound by
theory, it is ég?qee@%é«a&?@erﬁ?ﬁéegﬁas of interface between the solid phases
DNC and WMBV repr eselhet pesahe@sofMdtiiced def@dter inC e eRtibabh@nareksaet ihigh si t es

in the catalytic conpositions of the present invention. W t hout

wi shing to be BBSAdration ey yis nammaavth\emde/a@tagewa@ ftOIﬁethﬁl B¥rPesepefsiiih of
th | t t t
and the. xt r enerirr eePlodt, 5§ Pinthicyel HBIBALIA fthe frREBRALL ™ ' °°

| eading to a hbgygemmpremotiag it oafdaltlahtcf@egam&emblecaled refdactene (resistant)
unsaturations in the sanme conpositi Wt hout wishing to be bound

by theory, it it WQ’M@%HE?”W@QX&?@U% defects and the points of
el ectronhg unsaturahlgnﬁn H”iWaEéﬁ ;Fbﬁé]‘ﬁwéﬂ%%”b?oi %F]é??ﬂoaeﬁé&i’{“o% BReCi es

and oxygen at | ow tenpera ure tic activit e envi ronnent al

field and appl nomber iof active tsites caaﬂdatlhyt theseab e |dehhf|ahﬂecpaimt|sg/vlltrmatlrughpr esent

'nvention surface energy as seats of lattice defects and electronic unsaturations.

In  multi-component catalytic systems, the active sites are
preferentially localized in the contact zones (interface) and, therefore, their
20 concentration depends on the degree of dispersion.

In the catalytic compositions of the present invention the areas most
affected by the presence of lattice defects and electronic unsaturations are
those in which the ultrafine crystalline nanoparticles (DNC) are in direct
contact with the phase MSV where the shortage of oxygen is higher.

25 Without wishing to be bound by theory, it is believed that the areas
of interface between the solid phases DNC and MSV represent the areas
with a higher concentration of active sites in the catalytic compositions of
the present invention.

Without wishing to be bound by theory, it is believed that the high

350 dispersion of the elements present in the catalytic compositions of the
present invention and the extremely small size of the nanoparticles of

CeOy with 1.5<x<2, leading to a high concentration of lattice defects and



The materials of the present invention are particularly active in the
processes of total oxidation in liquid phase and gas in the presence of

ai r/ oxygewo 20txi68mteri al s devel oped are able to | ead t opconpiat/enodxi dati on
10 of organic nolecules of different nature, such as hydrocarbons,
phenol s, carboxylic acids, ethers, alcohols, organohal ogen conpounds and
organoni trogen conpounds, polyners, pigmesging substances particularly

resilient and en obtained in
particular w tE eﬁ!scaun atgral &%ﬁ?ﬁwém I'n the catal ytic oxidation of
phenol in the aqueo\d‘éthdumméslvmg tto dier bQuUITKY tliemry, itisbpliesdthabie Edjice
Good results hav een ai ned,in_pa cular w the sanpl es and
QN? | - the. calSlapts ank that PORtbIOfHelectoNis. MpSPlTal S BRI pheibe the ¢
air (CwoA) (seEhemwbt%r?aﬁora%m@gaﬁbdd@ssah&%xp@% apﬁﬁmh% ﬂﬁ@ in

particular with the_sarrp es e removal cyam des in the

presence 6f he ng to
be bound by theor it he cat al ytic conpositions
consi sting of Elf cusisielfe dle R 1SRN Qvemlion;|  r af i ne nanocrystal lites of

CeOx, with 1.5. )(?hé%ﬂeﬁglsobﬂ @fétpl‘éfsehhﬁwléhﬁéﬁrﬁre'ﬁa‘fﬁéﬂlamﬂa@ﬂvé‘m thender go
degradat I on/ di ssol ution phenonena (1 eaching) due to the acidic environnent

i n which the CWOtesses &fdetal apédation. inVigwiduphates Bhdggas ibéhe quesense ofieory,

of mangancse. afttpaby 1MoL el EloPRAREE S 1Y 300p AR hri i ey i ng
obj ect of ot he gf effdHic inMvlealledbf aliferent natlireeetienl dsohydrotgibong, BHEnOR, t he
operating 36 CWOA processes, W thout wi shing to be bound by theory

it is consider 6AFbOKYHC agids cathars;@leohalssaanehaiegen FOMPOUAES ANOsRIBABRT des
form ng. obj ect TodeRe wsriga th?%ﬁ%ﬁ”iwﬂ%we@fﬂé A3 gty 5°
at nosphere (ai rdsiliengangl stable. t enperature of 600
Good results have been obtained in particular with the samples
15 CMn1 and CMp; in the catalytic oxidation of phenol in the agueous phase
with air (CWOA) (see examples 22 and 23).
Good results have been obtained in particular with the samples
CMn1 and CMy; in the catalytic oxidation of acetic acid in the aqueous
phase with air (CWOA) (see example 24).
20 Good results have been obtained in particular with the samples
CMn1 and CM,,; in the removal of cyanides in the presence of heavy
metals (see examples 25 and 26).
Without wishing to be bound by theory, it is considered that the
catalytic compositions consisting of sub-oxides of manganese and
25 ultrafine nanocrystallites of CeO, with 1.5<x<2 forming object of the
present invention do not undergo degradation/dissolution phenomena
(leaching) due to the acidic environment in which the CWOA processes
operate.
Without wishing to be bound by theory, it is considered that the
30 catalytic compositions consisting of sub-oxides of manganese and
ultrafine crystalline nanoparticles of CeOy with 1.5<x<2 forming object of

the present invention are not subjected to sintering during the operating



The invention will be described below for illustrative but not limtative

purposes, with particular reference to sone illustrative exanples, with

parti cul avorefxrsese to the figures of the acconpanyi ng @CEETRIS)00iTR

10whi ch: Figure 1A (Exanple 5) shows a phot ographi c i nage obtai ned

Wi th a scanning el ectron mcroscope SEM at | ow magni fication of the sanple

Cvm of Exanple 1; Figure 1B (see fxanple 5) shows a photographic

i mage obtai nedg 37@ r%) scanning el ectron nicroscope SEM at | ow

magni fication of a refrer ence conposition, prepared by conventi onal

co-preci pitation [AgfithouCatishingi to. bB bdamd bgnimeohyal it iISZopdikigted thaf the

Figure 1A (exa 5) shows . a hoto hi c imaeat hi magni fi cati on SEM
RIS st &5

of the sanple G cempasit stingucd 58 (Q‘%‘iqaﬁ?pl RNRSE an
phot ogr aphi ¢ i Uﬁ%‘ﬁn@&@étﬁﬂn%da‘?ﬁélégr&{exa w;flg'? 5@(@%% ogfect 0

ref erence of Figure ure shows "a ram og t he

i sot hermab curthe qfresentr dontiads aret highly Nablef i hm samizmgCl\étmosphefe
Exanple 1 at a tenperature of -196 C _25- Figure 3 (exanple 7) shows a
porosi netric d(%’i’?’FWD@ﬁadﬁﬁ@eﬁﬁufﬁ of 6Q0SGnpl e CVhi of Exanple 1:

Figure 4, (exanpl e 8'Tt§]h9%nﬁoﬁ“ f 48 'déééﬁpé&t bB%ngqé Vmﬁét‘?ét'n}%“ Ut hBe

aver age di anet er of e nano- spheres as a function atom c i on of
cerium (xce) i hmtthm/e:aumopeispwttmppmiwarumereone its sonep mﬂ_stsathfeoetxaiapleef

30manganese and u traf| nanocrystallite f CeOx, W 5.2(2 . :
according to tWEhRAtEHar e é’h‘%‘?g HE iyies 5 the Arean iyt SiBvAYS; yr am
il lustratpng t@,ﬁ,dﬁhange in

- Figure 1A (Example 5) shows a photographic image obtained with
a scanning electron microscope SEM at low magnification of the sample
CMp, of Example 1;

- Figure 1B (see Example 5) shows a photographic image obtained

15  with a scanning electron microscope SEM at low magnification of a
reference composition, prepared by conventional co-precipitation [Appl.
Catalysis. B: Environmental, 32 (2001) 195];

- Figure 1A (example 5) shows a photographic image at high

magnification SEM of the sample CMn of Figure 1A;
éo - Figure 1B (example 5) shows a photographic image at high
magnification SEM of the composition of reference of Figure 1B;

- Figure 2 (example 6) shows a diagram of the isothermal curve of
nitrogen adsorption (N;) of the sample CMg,; of Example 1 at a
temperature of -196 °C;

25 - Figure 3 (example 7) shows a porosimetric distribution diagram of
the sample CMy,1 of Example 1;

- Figure 4 (example 8) shows a diagram illustrating the variation of
the average diameter of the nano-spheres as a function of atomic fraction
of cerium (Xce) in the catalytic compositions consisting of sub-oxides of

30 manganese and of ultrafine nanocrystallites of CeO, with 1.5<x<2
according to the present invention;

- Figure 5 (example 9) shows a diagram illustrating the change in



the total surface area and the dianeter of the pores as a function of the
aver age di aneter of the nano-spheres of the catal ytic conpositions

consi st i nyoab12swekesoxi des of manganese and ul trafi ne nanecrygsioab/bioies of
CeOx, with according to the present invention; 5- Figure 6 (exanple 10)
shows a schematic representation of the process of growth and aggregation
of the nano-spheres of the catalytic conpgsgitions consisting of sub-oxides

of manganese 2 Wb 8lirae Greir Akl haSARRRAY el 65168l aCinckl b the?

according to t present 1 nven ures (exanpl'e

schematical |y avérsgfer aliameter vhrtheusandapeereshiafhtheeashtaigtit heompaesitioas i on
of the neso-porous strycé;ture of the catalytic conpositions of the present
[

i nvention, andCPRSIBERG jf gub-oxides of maggaRes anek Hitkafise1ngnagrysialiitessen

i mage of the saygde ' ' - El : : anpl e 11) shows an
exenpl ary scher® d‘fWWE'%asslz?%??@%troeﬂ%fp%hé“@ﬁ‘r’%@c’:‘éﬁf t he catal yst

consi sting of sub- oxiFigpaeod (eraBPREed0) dhdwsl 4 rsehematieriepreddntation of the
nanoparticles of CeOx, with 1.5; , according to the present invention;

.2
Figure 7C (ExaRfcess19f grawis and é\ﬂsrﬁgaéwy\ ok iarnapp-spheres) of tae ratalyhe of

surf ace or owt hcBloafioRk Uahukfing! of aLab-Uicese PRI UrBing’

sub- oxi des of nganese an I'ne crystalline nanmbparticle

with 1.5.7(.2, castalline manbpattickespot Ced, withehbkea? ; acddrdingeto/ the( presapte 11)
shows an:exenplary schema of the final structure of catal ytic conpositions
consi sting of ¥WENERNdes of manganese 25and ultrafine crystalline

nanopar g s of CeOiglickl7A- 789 (olamBRCRi15Be Nt HSBEY widvaRbLS™

Figure 8 (exanple 12) OWs 'a conparative diragram o sorp

capacity of phetaglesovhicheleadnpl theGdalizatiorExaning endso-pbraussstriidtare béties ence
conposition prepared by conyentional co-precipitation 30{18‘[rp | . Catal ysis.
B: Envi r onment §¢taldis qorepasitiarssef thepresertinwgitan@ngds #artimyidler i a (Ce02)

?Qgpiﬂgg' e et é[ s 3§R%’ %g; 7%}%%@@@% SHOWLRBEMIniaget Sahb! o U,
of Example 1; - ~
15 - Figure 7B (Example 11) shows an exemplary schema of the basic
structure of the surface of the catalyst consisting of sub-oxides of
manganese and ultrafine crystalline nanoparticles of CeO, with 1.5<x<2,
according to the present invention;
- Figure 7C (Example 11) shows an exemplary schema of the
20 mechanism of surface growth of the structure of catalytic compositions
| consisting of sub-oxides of manganese and ultrafine crystalline
nanoparticles of CeOy with 1.5<x<2, according to the present invention ;
- Figure 7D (Example 11) shows an exemplary schema of the final
structure of catalytic compositions consisting of sub-oxides of manganese
25 and ultrafine crystalline nanoparticles of CeOy with 1.5<x<2, according to
the present invention; |
- Figure 8 (example 12) shows a comparative diagram of the
adsorption capacity of phenol of the sample CMp,, of Example 1, of a
, similar reference compo_sitibn prepared by conventional co-precipitation
30 [Appl. Catalysis. B: Environmental, 32 (2001) 195] and other systems
based on ceria (CeQ,) and noble metals (Ru, Pd, Pt) prepared as reported
in the literature [Topics Catal., 33 (2005) 77];



Fi gure 9A (Exanple 13) shows a diagram of the isothermal curve of
adsorption of vapors of nethyl-tert-butyl ether (MIBE) by the sanple Cvm
of Exanplwolkpi2/168957 Fi gure 9B (Exanple 13) shows a ecagrzi/oefoiihe

i sot hermal curve 5of adsorption of vapors of nethyl-tert-butyl ether (MIBE)
by a commercial highly adsorbing zeolite (Zeolyst CBV(r)901); Figure 10
(exanmpl e 14) shows a photograph of the HRRdEM of the sanple CMm of Exanple

a1 A R R S M i

catal ytic conposition manganese and ultrafine

nanocrystal | i t e adkofgtion, ofwwaors asfcpethyiget-butyicethee MBE) e ttid saniple
different ratiqggs of manganese/ceriumrespectively in the area 20-38 (Figure
11A) and 40- 68C0&yr ¥XDPPISt s (Figure 11B); Figures 12A and 12B (exanpl e

16) show the results | ysi | ¥ r AR,

deconvol ved diffract Fﬁur%gﬁ%%Taar@g%a%/@S%%étba{é%@?\?E%at alt@%}{\iélecurve
conposi ti 6ns cohadsarptign af vapbrsoai theshydtetbuiyd redser AMEBE) by & commercial
nanocrystal |l ites, of Ox, wth 1.5 9. . ding to the present

i nvention, hav W@?ya?ggﬁr@nfgr%ﬁ‘{hf% %ﬁy%éﬁsg@n{fﬁice) respectively equal to
0.27 and 0.75; 20- Firgire 103exbmiple 2PSRONSH Srdtadiaps drans MRITEN &k kg of
the fraction of area % dug(eto Wee p)rjesence r:(;)f gé)??t al l'1 ne phase aHgé]t he
rel ati ve concesampled OMafoflBiMamlasle as a function of the atomic fraction of

cerium (XCe); Figure.1l4 sh a diagramrelatjng to the variation of the
relative 25 concent ﬁ’éﬂﬁ"&ﬁ ﬁwl\ﬂp#ﬁqgh%@mmgcﬁl %\hﬁ’ygn?l\%& %@mﬂﬁl k)
as a fungbi on eértaiRecarbgiit CofripRfeitiond GnsislingasTend-6RaRs Of inYfhgaridiet R |
catal ytic conpositions consisting of sub-oxides of manganese and ultrafine
nanocryst al | i t grafiheqaanocrystalites. 6f 6e2), witbot.8xxg? t acaandingrtostinet piaseaht i on
(upper curve) and

30convent i onal "WSDﬁ{)'ég?rfﬁ!’ﬁﬁlfqarﬁﬁgﬁégrB .rr]ncae@(égp glcég'h%‘nr%%\%gﬁ%ﬁﬁéﬁ¥% areg
(2001) 20-38 (Figure 11A) and 40-68 degrees 2theta (Figure 11B);
- Figures 12A and 12B (example 16) show the results of the

15 analysis which is performed on the deconvolved diffraction peak place at

30° 2theta of two catalytic compositions consisting of sub-oxides of
manganese and ultrafine nanocrystallites of CeO,, with 1.5<x<2, according
to the present invention, having atomic fraction of cerium (xc.) respectively
equal to 0.27 and 0.75;

20 - Figure 13 shows a diagram relating to the variation of the fraction
of area XRD due to the presence of crystalline phase and the relative
concentration of DNC phase as a function of the atomic fraction of cerium
(Xce);

- Figure 14 shows a diagram relating to the variation of the relative

25 concentration of Mn in the surface layers (Mngyrace/Mnpuk) @s a function of

the atomic fraction of manganese respectively in the catalytic

compositions consisting of sub-oxides of manganese and ultrafine

nanocrystallites of CeO,, with 1.5<x<2, according to the present invention

(upper curve) and of a similar reference composition prepared by

30 conventional co-precipitation [Appl. Catalysis. B: Environmental, 32 (2001)
195] (lower curve);

- Figure 15 shows a diagram relating to the variation of the surface



195] (lower curve); Figure 15 shows a diagramrelating to the variation of
the surface 39 area relative to manganese (xmm SABET) as a function of the
at om c f remot2bmegdsymanganese in the catal ytic conpositi egs/rcmso®uing of
manganese and ul trafine nanocrystallites of sub-oxides of CeOx, with
1.5x.2, according to the present invention (upper curve) and of a simlar
ref erence conposition 5prepared by convenid onal co-preci pi tation [Appl.

Catal ysis. B: | 001) cl95 r :

shows t he chemgﬂc%\eél Fe%ﬂ%&b@%r@eg% Q(Mg eS(aBanééog\fq'ﬁ)CtﬁM %ﬁ g@gﬂ %%téo(?ﬁr ea
of the sanple mhlangaﬁeﬁaﬂﬂ‘iecétalytm dcﬁﬁﬁ@slﬂén$cbl®$lsmﬁgalbgmaﬁgmeséw in
concentration/di SPeI’SI on of manganese ions on the section surface

under exam natliJHﬁ ing nﬁ‘@Q@[Ylséﬂi“t?ﬁtQﬁlwh wée%@fa?e eMVléh dxaadi AgCordEE 9 ack

From 64 0% (at 15t e s EBYBOE LR LA oy B B B Rl B e B Eor mp
XPS/ ESCA of a peparah dfy 10gwmwéAtionalf bbq:)reulpftatt@w argppef Cmalysisp! eBCM ni
of Exanple 1, in 15 terms of color _change; the change in

concentrahon/%ﬂ%‘ﬁéﬂ*@?%‘ﬁ' o2 (20013 dPPLdeweneunves) on the section of surface
under exam nation beF[&ré‘W‘sﬁQw%hQ@%rﬁlﬁﬁl Y XPSHES Cial 8 aeé‘écﬁi%‘iins(r)f

gradual Iy from bl ack white wt ecreasi ng atom c concentration o
ceriumions frotOumil m%(dtsmmne)ar(aa OSmé)%mpte CMm1)0f E)@(anléi‘gtim teri@ o hows

a SEM pi ctur f th I 1 i ndi cati

o e Tor Gilef BRaRgenhS dange i GRreptaganidepelsRn ePalRe haS Qlons,

in gray sgale, mmeoﬁhﬁ@w‘e%h H%Q:rf‘éeél éatarﬁm&ﬂ %@rﬁ]éégdréeem | e of a
D Karinaloh +

restricted area of the sanp eCMnl . The I mage shows the
| evel of the dymyrddale emtehdgtyﬁgmtblenkm wihtite gradsakl,sethhrde(cteasmg@tmuganese

M) on the surface on, where_the f the t
|(on)s can be degqqu&mtr:a%ﬁlofﬁ@r}gan&sw%n frﬂ%ﬁgb%n ééﬂ%?p%ggb@kﬁ%i ?esul '? i n\é\D
in the perinmeter zanpgyeé 168 ShowsahaRsHemical idp KPSIESER 6PY) seclidn & gure
17B shows the hi gh-nmagnificati on FE- SEM phot o-insert (400kx) of one of four

quadr ant s t hat 10k #uUmi gluthe sukaogiarhasefothe samplo el 6filb@Mplat Lir i of

the sarrpig CMt';a%mcsnc oP&%rIEDrl Sh&ﬁge; the change in concentration/dispersion of the

cerium ions (Ce) on the section of surface under examination being
measured through the gray scale that extends gradually from black to
white with decreasing atomic concentration of cérium ions from 44.0%
(at./at.) to 36.0% (at./at.) ;

20 - Figure 16C shows a SEM picture of the sample CMy,1 of Example
1, with a 10 umx10um indication area used for the chemical map of
Figures 16A and 16B;

- Figure 17A shows, in gray scale, the chemical map XPS/ESCA of

, a 1umx1um surface section of a restricted area of the sample CMm; of

25 Example 1. The image shows the level of the distribution/aggregation of
the ions cerium (Ce) and manganese (Mn) on the surface in question,
where the atomic concentrations of the two ions can be derived from the
relative intensities of -blackening, resulting in the perimeter zones of
interface medium-pitch (gray 50-60%); - ‘

30 - Figure 17B shows the high-magnification FE-SEM photo-insert
(400kx) of one of four quadrants that divide Figure 17A which shows the
morphological nature of the sample CMn4 of Example 1;

- Figure 18 shows a comparative diagram of the catalytic



Figure 18 shows a conparative diagram of the catalytic 40 performances of
the sanple Cvh2 of Exanple 2 in the oxidation reaction of phenol in liquid
phase w tWwoabr2wsssgen (CWAO) with respect to those of apsitmriszosefer ence
conposi tion, prepared by conventional co-precipitation [Appl. Catalysis. B:
Environnental , 32 (2001) 195], and other systens 5based on ceria (Ce02) and
noble netal s (Ru Pd, Pt) known in the Iltlgrature [ Topics Catal., 33 (2005)

77]; t to
D ot e <anBPORARCS BB SSARPHILE ELARENTSh O RRHER el
liquid phase wof bhanol/lnnmmphéw\@nhwal‘r/bxywp@WA@) Wfthsrespéctatoahmsé@'f 10
ref erence conp05|t|on pr epared by conventlonal copreC|p|tat|on

Catalysis. B BrfYlBhirfRtence eympositan. prgpared &wenﬁ@tmmtce RﬂeC'PﬁéP iR 150
G Figure 20 . gfaatéggﬁar@t gﬁgur&#nﬂgﬁ?amg q%%"i C%G' {tth%g s§/§fe{r8§ ance

of the sanple e OXi eac fon o Ic acid
i n |'iquidsphasbased mraicre’rlaxmeﬁzx @AONpblen metalss (Rti, dtdvPt)s knowaf inadled i ¢

acid ray bar), and sel ecti i t k bar), dtoth f
si mi | g? rgf er eiﬁ,eé té‘ 18§ éﬁ'% 934%5£2]7E8nveﬁ[i)ongﬁnggrgr ec?pi tgfiGO(r)I :
[ Appl . Catalysis. F@)’rérg‘gﬁw@'a cérmpafatiid) dléa'ﬁjm of"_thglgeﬁ‘ecqﬂvlﬁ '18"@09‘”

illustrative dlagram he results obtal ned 20°fromthe sanple at a
t enper at ur e of of theCsamplé&&Mamot dxanipleyhin the mwactloppr@tactlomlsafmmmn in

i ndustri al ter of rea nment urface a

Flgure 25 shonldufl PSS it Ao y9en AeWBPT i cededocliss: ehp simdar

per f or meg pon p%fblﬂérfh@ baﬁip‘é)%ftiow bﬁad"ﬁb; Eohvetiond! Aopred "tﬁ[ﬁ?\e Abplr e of
70 Cwith the sanple r%fﬁ MPLES Met hogzeofé anal é[;szl

The cheni cal c@@ﬁﬁiwlm Bnanernee a3/ A09 W4 95bat aterapergfuieeefs 13l b of
X-ray fl uoresceéce (XRF) using a spectrophotoneter 30 nodel BRUKER AXS - $4
Expl orer ;X-ray Fl uorescence spectroneter. The sanples were analyzed in the

state of t ransfer, wiRiguret 20ustidws avedimparativeodiagram between the catalytic
performance of the sample CMy,, of Example 2 in the oxidation reaction of
15 acetic acid in liquid phase with air/oxygen (CWAOQ), in terms of conversion
of acetic acid (gray bar) and selectivity to CO, (black bar), compared to
those of a similar reference composition prepared by conventional co-
precipitation [Appl. Catalysis. B: Environmental, 32 (2001) 195];
- Figure 21 shows an illustrative diagram of the results obtained
20 from the sample CMn,1 at a temperature of 70 °C in the removal of cyanide
and copper ions present in industrial waste water of treatment of metal
surfaces, and
- Figure 22 shows an illustrative diagram of the eco-toxicological
result performed on polluted industrial waste water treated at a
25 temperature of 70 °C with the sample CMy,1 of Example 1.
" EXAMPLES

Methods of analysis

The chemical composition of the catalysts was obtained by

measurements of X-ray fluorescence (XRF) using a spectrophotometer

30 model BRUKER AXS - S4 Explorer X-ray Fluorescence spectrometer. The

samples were analyzed in the state of transfer, without further
manipulation.

The determination of the values of total surface area, of porosimetry



The determ nation of the values of total surface area, of porosinetry 41
and pore radius of the catalytic conpositions was perfornmed using neasures
of physi cab 2amks@890i on of nitrogen at its condensati on trempezar/ooe7y - 196 C)
and processing of the relative adsorption isotherm in the range p/po from
0 to 0.3, by the BET nethod for determ ning the 5 amobunt of N2 adsorbed
monol ayer in the "nonolayer" (Vm. By the4§ame | sot herns porosinetric

distribution c e r t K
and "BJH respéé? égygj rsgfragt E’En@@afg‘ %dnrtg)ncﬁ%'{]ﬁrm e Idﬁf&gﬂ*ﬁ L%Y e and
di stribution omeusures aofl peysicalorasorplifon nefasnitregent aitwitse dmdensamcng an

automated tool for the de %%Satlon 10 of adsorptlon | sot her s
(M croneriticsteraReratyteAp Andgrpeessing of the telative adsorpting 1sathsI™s wer e

pre-treated at pa.g{ 4 r ached
val ues of resi orlﬁa eep @Ewé) @Ifnoévqg %% g’g tre g nr?é ure tm%the sgﬁldﬁg
phases, ugder sanodinasf N\recadsogbecdt nmdnoléyerrlplsthel“thdﬁdtayera(tdmt) hlyttly@esaaie t he

various crystalline species at ; resent have pee aI ed through
Uhe use of o SRR, PajoSmeN ki SRR IR RS TP bIRTERSE o

model Philips ¥digsds dubhaarkasiss anB‘fBJWSMS?EENeI %oretﬁe'évaﬁﬂatwn%& hi gh

vol tage current generator (HT-generator PW830 -ray nonochronmatic
source (| anp 20elermingioer ofathe size kasid t:llsltmtwthm) oCmitta drd maSOSn)O&SA)TheThe

measurenents were carried out by a n o th [C o] e of 40kV
andsg curre?\t W%Hfﬁﬁnéqiﬁ ?Lak?e gp%p§'§%a%f 't’tf?@ag?égg%l f?)f?ré% ﬂHB?téﬁmed by
neasuresyhor wbHedsseptidh Isbﬂ\é?ﬁt%d(lﬂfcré‘mfehh%th% ASAPe2eif0) X BrJorenghe at ed
by the equation of Sherrer: d = 0°92 25 cos(2012) where: A = 1.5406 A,

B is the wi dt hmeBsURs, @llfthe@@mrdas were mﬁtt@s’ﬂt%d atl ademparture ofldgPecI®0 and

appl o 1o the SebUstAdk Sl A Fdced walues & Bretfiel HrsSRELbORY T

acqui sition ofo®1%bas| an distribution of 30the peak. The
identification of the diffraction peaks was perfornmed on the basis of

reference spectra coieandeei¢f thee sphfinphagsami vpeersiepias the degree of
15 crystallinity, and the type of the various crystalline species that may be

present have been evaluated through the use of a powder X-ray
diffractometer, equipped with dual detector, model Philips X-Pert
diffractometer. The instrument is- equipped with a high voltage current
generator (HT-generator PW1830), an X-ray monochromatic source (lamp
20 of copper and nicke! filter B) Cu-Ka (A = 1.5406 A). The measurements
were carried out by applying to the source a voltage of 40kV and a current
of 30mA. The average size of the crystallites was obtained by measures
for widening of the band of diffraction of the att X as indicated by the
equation of Sherrer:
_ 0,94
B-co0s(26/2)
where: A = 1.5406 A, B is the width of the diffraction line calculated as
FWHM in degrees 26 and the position of the maximum of the line.

25

The Scherrer equation was applied to the XRD peak characteristic
of the crystalline species, in the acquisition of a Gaussian distribution of

30 the peak.
The identification of the diffraction peaks was performed on the

basis of reference spectra contained in the Joint Committee Powder



42 Diffraction Standards (JCPDS) database. The nor phol ogy and
structural characteristics at the mcroscopic | evel were anal yzed by

t ransm sswonoe)®edsyon m croscopi ¢ observati ons usi ng anpcmavioasyest72PH LI PS
CML2 having a maxi numresolution (point- 5 to-point) of 2.4 A The sanples
were prepared by dispersing the catalyst in iso-propyl alcohol under

ul trasound and then depositing a drop of gzshe suspension on screens of gold.

The m crograp ' e various nmaterials were
obt ai ned thr O{Eﬁff?ﬁﬁfn ﬁg%ﬁPFd%g\A m cgi)g%t%kgggPhi | i ps model XL 10 EGF/ SFEG

Scanni ng El ectron Mtes m@nppy)loggqan@mmcwr’eh chafacterdstiesi ats then ngigrosicopict he
generation of el ectrons and probe for anal ytical neasurenents. The

i mages were odE¥ENWEre\ANARYaEdn Vv@f@ﬂ'ﬁ’ﬁ'ﬁs@é‘cﬂeﬁrﬁf‘l mlpr%mmeeotzﬁer@m and
a distance | er\?slﬁq’ a?lalﬁE{er%ﬁ'\t?%]aJ @‘?MT@%%PW%H{%V}@ &uﬂgﬁé@&'ﬁ?d

after treatnent the sa vacu tra vacuu vering of
gol d (coasing thypaiot) oof dedAt ghesgmples were Puepared bymaepemrr;g theadatalyst iat a

wer e obt ai ned .usin ectro t er-spectr.osc si. cal ectr.oni cs
VB Pl 5800-BoPXoRsE RSOl DBRS LHERRUNH RER JBRP LAGROSTh SHoRrP AN a t o
a power of 20tha bﬂgioﬂed‘ﬁ é,@gngfofﬁég\_/\/ and with a pass energy of 10-60eV.

The tests in the 1 quid ase In The renoval of phenol, acetic acid,
cyani de and heavy r?ﬁlealmlcl’!mmplhme)‘escdbhhgcﬂm:l téxtuemn dlmecVaMﬂJSWMedéISAl S

316 st eel | et el d wit PTFE t
concZnte ?at?ggp"&e eﬂé ggg&ﬁ'&lﬁ% d‘sﬁnﬁ ?@gzr% p%'é'fég :ﬂg'ﬂgﬁl &'r
measur es; ©f |'EGF¢BFCEGCS@érﬁﬁHg7‘E'IB’ctHﬁ1 s Gy el lh I RS | €5

P680) provided with two punps for solvent, control nodul e of the
pneunati c systam fer mlwlmneraqmttqﬁrelemewwm o dDAX apipbe fwt evalyticdIDi onex

UV- Vi s det ect ti an tification of conmpounds
was perforrredq{]%%v"g é’e%g%keﬁbﬁeyﬁﬁggég I‘f? ﬁatog)é?ig |cbycoyvl9rﬁlﬂngpe"¥'ﬁl F%B at
reverse phase gdcéferdton aionage! of ARGKV, ag6d % RRtafte lefs Gy18&wmple oMud-e for
t he operatlonal control of the instrument, the acquisition and the data

processi ng was! ¥omdUbesmeasuiements wergperfapiad after treanenridhersamele of
|
ot o 6 1 ool TP Pl it iRy ahg el of doid° R BTy Padth o

during the rea;piuttenn@[\o of phenol was determ ned gravinetri cal I y, bubbli ng

the gas streamle eactor in saturated solution of Ba(OH)2. The
preci pitate of BaCé*’ fF emisly Apalels detaqgwareioebteingdy vsEY wai ghed.

spectrometer-spectroscope by Physical Electronics GMBH PHI 5800-0
(XPSESCA), operating with monochromatic radiation Al-K a to a power of
20 the incident ray of 350W and with a pass energy of 10-60eV.

The tests in the quuid phase in the removal of phenol, acetic acid,
cyanide and heavy metals have been conducted in an autoclave made of

AlSI 316 steel completely covered with PTFE working at high pressure.
The concentration of phenol, acetic acid and cyanide was
25 determined by measures of liquid chromatography using a HPLC system
(Dionex Pump Series P680) provided with two pumps for solvent, a control
module of the pneumatic system, a manual injector (Rheodyne model) and
a detector (Dionex UV-Vis detector UVD 170U). The separation and
identification of compounds was performed using a packed type
30 chromatographic column operating at reverse phase (C16 Acclaim
| PolarAdvantage 3 pm, dim. 4.6x150mm), while for the operational control
of the instrument, the acquisition and the data processing was conducted

using a suitable software. The concentration of total organic carbon (TOC)



Preparation of catalytic conpositions Exanple 1. Pre aration of the com
osition Mh 5Ceo50 throu h ml protocol. Sanple CMm The materials used for

t he prepawetznmnesds7t he sanple CM-ni are: 10- Manganous pariratgodwyty at e (M
(NGB)2 4H20) available fromA A drich, Cerous nitrate hydrate (Ce (NO3)3
6H20) available from Al drich, Potassium pernmanganate (Kwvn04) [0.12 M

avail able from Al drich, 15- Potassium hydipxide (KOH) available from

ccor dance. i I I W Ghelhirich 5 e AR o S Mg
protocol ), for500@ApTéeaarmbunhofodarbog di)cﬁxutiéleomﬁ(ﬁﬂmtlmg:tl@l‘M|bhl(WVO of

Ce0.5M 10.50, the foll mﬂgg sol utions were prepared: 20- Reducing sol ution:
200nL cont ai ni AGERANYAS irjped \grayimetrigally, &Rbling rthei g7 sfreampieavinghd

cerous ion (Ce C 200
cont ai ni ng perﬁr;'?ngéadr}g?rgml %n%%géw sghﬁlogﬂ %fo%?: OH)F h%rﬁeP%é%ZBﬁ/lmﬁﬁal i ne
sol uti on: 5500nwapdiltess, urvasﬂnpdr dmedetﬂ&(ﬂi’l{) ﬂ‘&tﬁmmelga'edon in 0.2 M

The oxi di zi ng ed to the al kaline solution to obtain a new
sol ution defi netEREE Iy COMPQ ’d conti nuous way, the reducing

sol ution was agdgehpld £ hPr@rHﬁbﬁ’”oiB’thé’r&ﬂH%éélﬂoﬁ h@ln?E@éd J@Ft Qﬁr‘o@uﬁhofm
met al s/ semi - rreasun erstrong stirring, mai n
30pH, redox popetodell Sampleh€Mial uti on B and rate of administration of the

reducing sol ution t‘?hé pr?at%ﬁglgtuseﬁ for the preparation of the sample CMy,; are:

10 - Manganous nitrate hydrate (Mn (NOs3), 4H,0) available from
Aldrich, _ '

- Cerous nitrate hydrate (Ce (NO3)3; 6H,0) available from Aldrich,

- Potassium permanganate (KMnO,) [0.12 M] available from
Aldrich,

15 - Potassium hydroxide (KOH) available from Aldrich,

- Bi-distilled water (H,0) available from Carlo Erba.

In accordance with the first description of the method of
manufacture (m1 protocol), for the preparation of 10g of the catalytic
composition Ceg sMng 5O, the following solutions were prepared:

20 - Reducing solution: 200mL containing manganous ion (Mn?*) in a
concentration of 0.08 M and cerous ion (Ce**) in concentration 0.2 M;

- Oxidizing solution: 200mL containing permanganate ion (MnO*) at
a concentration of 0.12 M;

- Alkaline solution: 500mL potassium hydroxide (KOH)

25 concentration in 0.2 M; '

The oxidizing solution was added to the alkaline solution to obtain a
new solution defined solution B. In a slow and continuous way, the
reducing solution was added to the solution B, producing the precipitation
of metals/semi-metals under strong stirring, while maintaining a constant

30 pH, redox potential of the solution B and rate of administration of the
reducing solution to the solution B.
The experimental conditions adopted in the preparation were the

following:



The experinmental conditions adopted in the preparation were the foll ow ng:
44 Precipitation pH = 8.0 Precipitation tenperature (Tp) = 70 C Initial

i oni ¢ st rwogbir/weessol ution B (p,) = 1.04 M - Redox ppotreniz/adornf the
oxi di zing solution (Epxyi) = between 0.88 and 1.00 V Rate of addition
(yr) of the reducing solution to the solution B equal to about 100ni/h.
After preparation, the sanple was washed yyth distilled water at 90C unti |

neutralization of th Of washi ng waters and, therefore, 10 placed in
an oven for drying a?r%?%ob&?—lﬁpm of 16 hours. Subsequently, the

catal yst was subj ect Predipitationatenipepatues (Ty)ear@e0t in air at 400 C for 6
hours. Examle 2. Pre aration of the comosition Mig 5Ceo 50x by Protocol

n2. Sanple Cvn2 15THéI3LRNE sHeagthfFadion BdHprehQf i on of the sanple
Cvn? . Ma j . |- i |
Aariche cert o amomaddiCoRentEr 8 the MRidAGE shults tho s 2, hptider e

Al drich, .5 and 1.00 V Pot assi um per manganat e (KWh04) avail able from

Al drich, 20- Potassi hydr oxj.de (K avai lable from Al drich, -
Bi-distilled water (%glﬁ gﬁ%‘%ﬁ'%(@ %ﬁnf HFiggSolion to the Sloﬁﬂ%?@c%leaé!ﬁ!:e

w th the secong sesigrioptwign. of the nethod of manufacture (protocol nR), for

the preparation of 10g of the catalytic conposition Ce0.5Mo.50x were
prepared by the fol Aer peparationotiee sample was washed with distilled water at

90°C until neutralization of the pH of the washing waters and, therefore,
10 placed in an oven for drying at 100 °C for a time of 16 hours.

Subsequently, the catalyst was subjected to a calcination treatment in air

at 400 °C for 6 hours.

Example 2. Preparation of the composition MngsCepsOx by Protocol m2.

Sample CMn»
15 The materials used for the preparation of the sample CM,,; are:

- Manganous nitrate hydrate (Mn (NO3) » 4H,O) available from
Aldrich, ' ' ‘

- Ceric ammonium nitrate (Ce (NHs); (NO3)g) available from Aldrich,

- Potassium permanganate (KMnQ,) available from Aldrich,

20 - Potassium hydroxide (KOH) available from Aldrich,

- Bi-distilled water (H,O) available from Carlo Erba.

In accordance with the second description of the method of
manufacture (protocol m2), for the preparation of 10g of the catalytic
composition CegsMng 504 were prepared by the following solutions:

25 - Reducing solution: 200mL containing manganous ion (Mn%) in
concentration of 0.12 M;

- Oxidizing solution: 100mL containing the permanganate ion
(MnO*) in a concentration of 0.16 M;

- Solution of promoters: 100mL containing ceric ion (Ce*") in

30 concentration of 0.4 M.

The oxidizing solution was added to the solution of promoters

obtaining a new solution defined A’. In a slow and continuous way,

solution A’ was added to the reducing solution, producing the precipitation



25- Reduci ng sol ution: 200nmL contai ni ng manganous ion (M2+) in
concentration of 0.12 M Oxi di zi ng sol ution: 100m. containing the

per mngangbeoixmesdsivh04-) in a concentration of 0.16 M PCT/IT2012/000172

Sol ution of pronoters: 100nmL containing ceric ion (Ce4+) in 30concentration
of 0.4 M The oxi di zing solution was added to the sol ution of
pronoters obtaining a new solution defineggA . In a slow and continuous

broci pi tati on OhiEDEEdag W%%ﬂ”ﬁid?% L haifRinRb B BhSet Bt g
constant pH, byudditiohtof potadsiyrntreyaisoxice I(KOHC))O 2 (df@-i)at@otawmumsdafm ef of
adm ni stration of the sglution A . The experinental conditions

adopted iin the rt?r%‘ﬂﬁ?%‘?fo‘on were the 5following:  Precipitation pH = 5.0

Preci pi tation te”peﬁ'ﬁé%@e@fﬁpént?lngi&floﬁé‘gtdoﬂe Wit %réﬁ&% |§n0\fvel%p Mth I on

A (pi) =0.36 M entla reduci ng sol ution
(Erid) s betfodlewig:67 10and 0.42 V Rate of addition (va) of A

solution to reducing soI u proxi mately 100 ni/h Af ter
preparation, the sar B\!iﬁ%a@ﬁ oé)@lth distilled water at 90C unti |
neutralization of thpr ibitdtidnhenyseshiupg (1ate7¢ °.end, then, placed 15 in an

oven for drying at 100 for a tine of £6° hours. Subsequently, the catal yst
was subjected to a ckﬂltnallmmstrengéaofrmimtlomAa(u) 20.3600 C for 6 hours.

Brampl e 3. Preparat] e reddk SSRGS o ALY EL80NTE: 39 4 BERYSLh Ble7
10 and 0.42V
- Rate of addition (vi)of A’ solution to reducing solution
approximately 100 mL/h |
After preparation, the sample was washed with distilled water at
90°C until neutralization of the pH of the washing waters and, then, placed
15 in an oven for drying at 100 °C for a time of 16 hours. Subsequently, the
catalyst was subjected to a calcination treatment in air at 400 °C for 6
hours.

Example 3. Preparation of the composition Ceg4Zrg1MngsOy through m1

protocol. Sample CMZ 1

éo The materials used for the preparation of the sample
| Mng 5Ceq.4Zro 10y are:
- Manganous nitrate hydrate (Mn (NOs3), 4H,O) available from
Aldrich,
- Cerous nitrate (Ce (NHa)2 (NO3)s) available from Aldrich,
25 - Zirconyl chloride (Zr (OH).Cl,-xH,0) available from Aldrich,
- Potassium permanganate (KMnQ,) available from Aldrich,
- Potassium hydroxide (KOH) available from Aldrich,
- Bi-distilled water (H,O) available from Carlo Erba.
In accordance with the first description of the method of
30 manufacture (m1 Protocol), for the preparation of 10g of the catalytic
composition Mng sCeg.4Zrg 1Ox were prepared by the following solutions:
- Reducing solution: 100mL containing manganous ion (Mn%*) in
concentration of 0.23 M and cerous ion concentration of 0.26 M;



20The materials used for the preparation of the sanple Mo05Ce04Zro. 10x are:
Manganous nitrate hydrate (Wn (NOG3)2 4H20) available from Al dri ch,

- Cerous wotnetesqsCe (NH4) 2 (NO3) 6) avail abl e from Al dr ipclmaT#82/006172c 0Nyl
chloride (Zr (OH)2Cl2. xH20) available from Al drich, Potassium permanganate
(KWMn04) available from Al drich, Potassium hydroxide (KOH) available from
Aldrich, Bi-distilled water (H20) avail apte from Carl o Erba. I'n

accordance with the f¢ - deseri pti o] Jret f uf ac +(mL
Protocol), for the br%%@?'gﬁi gﬁ dégﬁquég}so%oé%zmﬁgt 2@@{‘?&@%@’05.{0@ g%k?z 5

Mh0. 5Ce0. 4Zr 0. tOncawtratioprafia18dr.by the fol l owi ng sol utions: Reducing

sol ution: 100nL contaj ni.ng mang{,anous i on (Mh2+) in concentration of 0.23 M
and cerous ion concefdigingsolition: 280ML coraining permagganate irrbfMBEoNdt er s

cont ai ni ng 100 i | n2) concentration of 0.13 M Oxidi zing
sol ution: 200 g@ﬁtégﬁﬁ?{énrbbgg'ro%azﬂganate ion (Mh04") at a concentration of
0.08 M 55 Al kal i ne- s@élkalinen: s@Ofiork: psAGeEi Yotaysiowxi edrokidd) (KOH) in
concentration of O. e reducing solution was added to the

solution of pr 8%?%}%53'}/]'8&%%?% a new sol ution defined solution A The
oxi di zi ng solution R8s adiethd SolllendWR! HB8edCld thO@ sdIRGHPIG Pronbieys

sol ution defined solution B. ,

obtaining a new solution defined solution A. The oxidizing solution was
added to the alkaline solution to obtain a new solution defined solution B.

10 In a slow and continuous way, solution A was added to the solution B,
producing the precipitation of the oxides under strong stirring, while
maintaining a constant pH, redox potential of the mixture B and rate of
administration of the solution A to solution B.

The experimental conditions were adopted in the preparation:

15 - Precipitation pH = 8.0

- Temperature of precipitation (T,) =70 °C

- initial ionic strength of solution A (u;) = 0.16 M

- Initial redox potential of the oxidizing solution (E o, " = between
0.88 and 1.00V

20 - Rate of addition (v,) of solution A to solution B of approximately
100 mL/h '

After preparation, the sample was washed with distilled water at 90
°C until neutralization of the pH of the washing waters and, therefore,
placed in an oven for drying at 100 °C for a time of 16 hours.

25 Subsequently, the catalyst was subjected to a calcination treatment in air
at 400 °C for 6 hours.
Example 4. Preparation of the composition Ce .3 Ti g3 Mn g4 O x through

m1 protocol. Sample CMT m1

The materials used for the preparation of the sample
30 Mn ¢4 Ce 03 Tio3 O xare:
- Manganous nitrate hydrate (Mn (NO 3, - 4H ; O) available from
Aldrich,
- Cerous nitrate (Ce (NH 42 (NO 3¢ available from Aldrich,



10 In a slow and conti nuous way, solution A was added to the solution B,
produci ng the precipitation of the oxides under strong stirring, while

mai nt ai niwg 2a1¢@eBtant pH, redox potential of the m xtuwperBrangodoate of
adm ni stration of the solution A to solution B. The
experinmental conditions were adopted in the preparation: 15- Precipitation
pH = 8.0 Tenperature of precipitation ( = 70 C initial ionic strength

of solution A (pi) = X of oxl dj z

solution (E oxy = bet w—eri]tgn%é%ﬁm J?l'lé@él W&’?ggﬁﬁé ﬁ%ﬁn eﬁ‘!éﬂ&‘ oﬁé %/ ;Gﬂ’f
solution A to sélltidn By Wi t iaMHCIasi20egedy 100 nih After: prepar ation,
the sanple was washed with distilled water at 90 C until neutralization of

the pH of the washi ng Ref@assidmapaimangapatettdVing xauailabie femyNdiicher dryi ng

at 100 C for a tine of o}%é? @drg’ﬁ&g%wggékbéﬂh%'@% ‘%[gﬁ’tA'\%ihSUbj ected

to a calcination treat Ir a ours

Preparati®sn of the CormmﬁstﬂledrwéferQ—I%O)Ia\&llablﬂfr@nébékldEtﬂm Ough
prot ocol . Sarrple CI\/IT m The naterlals usep for the prep ratlon of (Lh
sanpl e 30Mh 0.4 Ce 0!® gpcqdgnee ywifpethe first desqiiptioan Qiis th t methothy el at e

(M (N0 3 aia. PRIV A APl oLaPN el BlbparksRUST 104 ' e G 4) 2
composition MnosCe 3 Tig3 O xwere prepared by the following
_ solutions:
10 - Reducing solution: 100mL containing manganous ion
(Mn 2% concentration in 0.13 M and cerous ion (Ce ** in concentration
0.26 M;
- Solution of promoters containing 100mL titanoso ion (Ti3* in
concentration 0.26 M;
15 - Oxidizing solution: 200mL containing permanganate ion (MnO 4~
) concentration in 0.125 M;
, - Alkaline solution: '500mL potassmm hydroxide (KOH) in a
concentration of 1.5 M.
The reducing solution was added to the solution of promoters
20 obtaining a new solution defined solution A. The oxidizing solution was
added to the alkaline solution to obtain a new solution defined solution
B.In a slow and continuous, solution A was added to the solution B,
producing the precipitation of the oxides under strong stirring, while
maintaining constant pH, redox potential of the mixture B and rate of
25 administration of the solution A to solution B.
The experimental condizi oni taken in the preparation were:
- Precipitation pH = 8.0
- Precipitation temperature (T ) = 80 °C
- The initial ionic strength of solution B (p ) =0.25 M
30 - The initial redox potential of the oxidizing solution (E o " =
| between 0.88 and 1.00 V
- Rate of addition (v 5 of solution A to solution B of approximately
100 mL/h



47 Titanoso chloride (TiCl 3) available fromAldrich as a 10%
solution by weight in HCO to 20-30% Potassi um permanganate (KWh0 4)

avai | abl ewbnomvbdri ch, Potassi um hydroxi de dropw se (ROHIT2MADIAT € from

Aldrich, : Bi-distilled water (H 2 0) available from Carl o Erba.
accordance with the first description of the nethod of manufacture (ml

In

Protocol ), for the preparation of 10g of pge catal ytic conposition M 0.4

ol ut ton 100 cont aenr e SRER b RE SRt RSP v AT st Faldp oS

and cerous i on90CE )il heutealizatioh rcﬁtth@lpl-Donﬁwé\ANashlng water Svidithepplated
pronoters cont aining 100nL titanoso iqn +) in concentration 0,26 M

Oxi di zi ng sol uif 8R: OVEsofAr HYRG2IT0)) Qefpmg@ﬁa@fewcmumﬁ@baequqntly, the
concentration 'cQta%thQ\ﬁaévlsub ected to 4\ 5?:' rﬁaﬁ@lnsﬁlh i@t aBSFAMG

hydroxi de (KOH) 1n a concen |on o uci ng solution was

added to she sbbuts.on of prom)ters 20 obtaining a new sol ution defined
Flno solutl?n ﬂssadded to the al kaline solution to
Py o= B

solution A. The OXIdI
obtain a new se&dlgM

In a sl ow and conti nuous,

15-

solution A wasE@(g%go t he solution B, brodum ng the precipitation of the

oxi des under strong stirring, while naintaining constant pH redox

potenti al of the m xtObeerBatimi anglt scarfsiard &tbdtroins microscopy {SENE Scdnringn A
to solution B. I ment al ndi zi aken in the preparation.were:
L preci pi tat | oF D BREFOSEPRE af d: BlasPieglipty the Rowterba’ BRE Tatdli

10 compositions of the present invention appear as macro particle
aggregates of square shape, the size on average between 50 and 150 y m
completely different from the equivalent coprecipiatati powder, consisting
of excessively fine particles (5-20 y m). At high magnifications, the
catalytic compositions of the present invention appear to consist of

15 particles nanoscopic h and spherical in shape, never previously observed
for these compounds. As evidence of this, the SEM images of Figures 1A,
1A ', 1B, 1B' show the different morphology of the sample
CM 11 (Composition Ce g5 Mn g5 O ) with respect to that of a similar
catalyst composition prepared by conventional co-precipitation

20 [Appl. Catalysis. B: Environmental, 32 (2001) 195], shown here as a

: benchmark. The images at low magnification, Figure 1A, demonstrate that
the composition of Mn o5 Ce o5 O x u1 Sample CM) consists of medium to
large structures, forms rather regular and clearly sharp (sharp edges). The
geometry of these structures demonstrates the great cohesion of the

25 particles that make up the composition MngsCe g5 O (Sample

| CM m1y, prefiguring the orderly development of the material. In contrast, the
SEM image of Figure 1B shows the total absence of reference in the
catalyst of ordered structures, whether they are large or small or in any
case greater than 0.5 microns. The absence of ordered structures in the

30 catalyst prepared by coprecipitation, shows the limitations of the same
fabrication technique, where the materials are to be realized for chaotic
aggregation and precipitation of ions in solution, which give rise to granule

size and uncontrollable variables, which aggregate into lamellar



The initial ionic strength of solution B (p = 0.25 M 30- The initial redox
potential of the oxidizing solution (E oxy I) = between 0.88 and 1.00 V
Rat e of awlQi2bizomesdsv a) of solution A to solution B of appcoarzat/edoy72100 nih
48 After preparation, the sanmple was washed with distilled water
at 90 Cuntil neutralization of the pH of the washing water and then placed
in an oven for drying at 100 C for a timgef 16 hours. Subsequently, the
catal yst was suhj d : | Nad | tr in_air at. 4 fary, 6
5hours. Chem cgﬁ%gt%&' t@gl ?éﬁﬂb?éodgﬁﬁréta?@g @gﬁﬁ%g% solun™in w@geﬂvﬁ‘ation

and scansi on elhigHlights ni ¢thescomhdsSbpic Scatrattuge El esft r othéM croppasuyitiorat | ow
magni fi cati on, owder of the catalytic 10 conpositions of the present

h
i nventi OB appeMEn Q?ﬁsgﬁn@@x 02ATPE e GhhnogRansisteg sffar daRapRMOgARCQYS ¢ 0N
| i f f [l
average bet We.eé‘% ! Wg@“& é@@ra@e”&%g@%ﬁ%‘? rfth [ ?@%o-éﬂ{@r%?grggl%ﬁzg{‘; "

copreci pi atati er, consrstin ~excessively fine par

At hi gh nagni f eaeh iothner, tot foemcat @ity fullcott voide s whidnmgives great poesstyt td theent i on
appear to consist of articles nanoscopic h_and spherical in sh ,

oner pr v ousT el PihaTies: S0 dsBOBBHIR: 1BAGY 3 GEHERaLSORREBIBhe SEM
i mages of Fi gugiesyd A cdbpact dBucthfe, aldcichsedity &' Mt sUrRicN thdthardnd he
sanpl e CM ni (Corrposi'?(lg@reage O e D5 ch)I (\?\A&t respesct 10 that of &

sim | ar cat al ybee obpprosityi on prepared by conventional co-precipitation 20

[ Appl . Cat al ysi'zs. B: Environnental, 32 (2001) 195], shown here as a
benchmark. Th at | ow magnification, Figure 1A denonstrate that the

composi tign of Nn 0. SiensSorounbirsaliRl of 4 cBIFS bemposiRl sbfetOof ar o°

structures, forns rather regular and clearly sharp” (sharp edges).
geonetry of t héeepresentinveation bas hsenadersonsicatgd dut physiserptian of nitregers

reti guring eV Bt ImBsRREREHT K ofs ot iedp? e urpRf 8 fod 2 S
I mage of "Fi gurgelBagbentiohheisbiietin absenre odarhpleer G, (Ooirpositiohal gt of

ordered structures, whether the%( are large or snmall or in any case greater
than 0.5 ni cr oM. osThe oalfd et thettyRe #éred structures in the 30 catal yst

e ehy ooaeePee o P, SISIibdy bEMAARE %y chobbBoRAR® Ry o
and preci pi t at aegordingi tonthei classificdtiomof Bhurcdueyj Deminge, DemimgiandeTsllere and
uncontrol | abl e|nvaprairt6ilgtlJlgﬁ’ tIWs1i %hatgf?gr %ﬂ%&v% iantporolcgsrrse I<|>fa radsorption of type
"Langmuir" until the relative pressure (P/P °) of approximately 0.25 , at
which one observes the maximum overlap of the surface resulting in the
| 20 formation of a monolayer (the point m), ie the formation of a single layer of
nitrogen adsorbed on the entire surface. For successive increments of the
pressure (P/P = .25 to 55 °), on the surface of the catalytic composition
are deposited several layers of nitrogen (the coating of type multilayer
adsorption) of highest pressure that lead to the capillary condensation
25 (liquefaction) gas inside the pores, as evidenced by the presence of the
: hysteresis loop.
Example 7
The graph of Figure 3 describes the distribution of the
composition porosimetrica Mn g5 Ce g5 O x (Sample CM n1). Eighty percent
30 of the voids of the composition is due to meso-pores, 75% of these has a
diameter of between 7-11Nm. 10% of the total porosity is due to the
presence of macro-pores with a diameter of 60-70nm. The composition of

Mnos Ce o5 O x(Sample CM nyshows a structure porosimetrica



49 structures. The high-magnification SEMinmage shown in Figure 1A
"highlights the nanoscopic structure of the conposition Mh 0.5 Ce 0,5 0 x
(Sanpl e GNDrEbd2/1688BMSi St i ng of nano- honbgeneous spheres eCTavenzgwith anet er
of 20nm The nano-spheres are linked to 5 each other to forma plot full
of voids, which gives great porosity to the material. O herw se, the inmage
of Figure 1B 'of the material coprecipitat@ shows a conmpact structure,

characterized j t 6
107he. mesopor olETearIEPyS nd etrehidly ARG dCBlnBBl o dood rRFRE
present i nvent obtairexbwiik dne teohmicpie oft rmdnbfachingsiftioe present aivemtipnogen (N 2)
at a terrperatuEe of 7§K.' As denonstrated by the graph of Figure 2, the
adsorption i so the sanple CM m (Conposition of Mh 0,5 Ce 0,5 0 x)
Is the "type IV". r|aIs
according to the cI a55| f?'rafﬁle.%ﬂilg?l%%é Eﬁg%?tﬁ@'?@faﬁénéms Vméﬁ%F@?‘%’gﬁ(? .
particul ab, thsigensft the abneospharea \pltlmdbescarftetaitdsbrcptlunmrofthe yqoenpdsabiarui r

until the relatj sure (P/P

observes the nabiRLAT SOEERe: vkafan: P S eRr ingc ARt osPoT oMt | on
of a nonol ayerc&ﬁii@tﬂ@'p?éddﬁmahﬁy (Be9b ) "érOBoboands ! @rlumy qCe9fand
nitrogen adsorbed on the entire surface For successive increnents of the
pressure (P/ P manganese  (34)) Thenrepest dndicales af pragsessivel rpductienngfotha i on

adeor pti on) of O ittek  ofy BleC, FanbhSRER M FECRAS, Mot Crticd PLr

25(1iquefacti oeéruﬂﬂ%cg )psmctﬁetda@alm @5mp@§ut©w d@m@dwdf)tb tHeesugmmotmrm‘ t he
hysteresi s | oop. The graph of Figure 3 describes the

di stribution o‘ﬂ%%@e@dmfd@lmel%n porosinmetrica M 0,5 Ce 0,5 0 x (Sanple CM
m ), Eighty peggg!ﬁkgig of the voids of the conposition is due to

nmeso- pores, 75 se has a dianeter of between 7-11Nm 10% of the total
porosity is due to tHehepyesginot Fijurees shoper e W'/d Ineports tinatt esrrelhitettherONm

The conposition of le CM m ) shows a_structure
porosi netrica Sig@ Qfg/ﬁﬁg’@f@o%h%{ﬁﬂ t@)@t@@%@? AhEa 'aﬂ%‘#ﬁhgf thg PREPS RE good
results ;g the composition Catal itiche object of the present invention. The data refer

to catalytic compositions consisting predominantly (> 95%) from

compounds of cerium (Ce) and manganese (Mn). The reports indicate

that, as the size of the nano-spheres, consequently increases the average

diameter of pores and decreases the total surface area of the catalytic
20 compositions, according to the linear trend indicated in figure 5. |

Example 10

The graph of Figure 6 shows an exemplary schematic that
describes the mechanism of growth and the concatenation of the nano-
spheres from which originates the structure of the catalytic compositions of

25 the present invention.

The pattern correlates the development of the structure of the
catalytic composition with the control of certain parameters related to the
fabrication technique described in the present invention. In particular, the
schema describes the growth of nano-spheres with increasing atomic ratio

30 of manganese/cerium (Mn ,/Ce 4 in the catalytic composition.
Example 11
The graph of Figures 7A, 7B, 7C, 7D illustrates schematically the

various stages which lead to the realization of the meso-porous structure



obtained with the technique of manufacture of the present invention.
Exanple 8 The graph of Figure 4 shows the relationship which correl ates
the 5 si zwoabi1¥fesosnanospheres with the content of ceri umcraTichgo@erposition
object of the present invention. The data refer to catal ytic conpositions
consi sting predomnantly (> 95% from conpounds of cerium (Ce) and
manganese (Mi). The report indicates a prggressive reduction of the

di ‘ £ : b . c ; .
Ccom) Tt ne S APEReIPREESMPYSHBn, BF 1 Bldidnf ifYhfion BiSLIEPARhGRALR U
descri bed in F8EM e pictuksxangépmichg the suffaeegr épliluef Fifgutise 5 sdmple t he

two reports th correlate.the sjze of the nano-spheres to superfiale area
and di anet er o&gﬂt (C%gpggs@cpn 9%%}935 g%r@ﬁcﬁix)tion Catal itiche object of the

present invention. Thead eherEit OreCatral Yid i e Sigt§
predom nantly (> 95%%& ?rﬁ%%rr%ﬁuﬂ greo?t%eqélgtmb%%eg ar{ﬁhrgrgﬁ)gr?r%gsg?(w. The
reports i%di caealizatan, ohmeasioep@ops shfucture ofathe- sathbytie sconspositons wihere

[ th di. t g d t he total f
oren of the cdh gosteashatiohe’ buidlimaniial Ranoo s e dsanal®
indi cated in filbg4s 5-fir§xﬁmﬁt€reé@om the surfacénatr#ragumt. Thigyirs éiﬁg:m‘és an

exenpl ary schematic that describes the nmechanismof "growh and t

concat enat i on idfchafectaaaed dyhtheeprasensewdli intergranyilaneswpty packinguaruthe of

the catal ytic i ti.0ns. of . P ni Lovent.ion. The pattern
correl ates theacrggggﬁo\&mgﬁt fogfg%qﬁgtgl{:rr[?%gﬁp% B?t Fﬁ?é'zgattft;{?ﬁqrga@o %ﬁ%ﬂ on
with theigont rtae reinocsiHeres. MWa@gﬁbe?éometrm%ésbrishmé gikigtaheé 9Bidsesthni que
described in the present invention. I'n particular, the schema describes the

growth of nand2fs& Wil YaYi kiteadigsieormfc that inpresepherangamss ethedr i um
(1ot ™) dgERBSF Kb iy RTRAOHEL e FERERHE ¢F rirorapuier V™"
whi ch | ead t o ridreow,e2!20nat iimrliarhetergindisateg asyp tise stéfevetice €0 "s"), medium
(20-50nm diameter, reference "m") and large (diameter greater than 50nm,
15 the reference "a") . o
' The image of Figure 7C describes the phase in which, for
subsequent processes of stratification and concatenation, the initial
structure is three—dimensionally increases, leading to the formation of
incipient channels rather regular, with meso-pores "mp" of diameter
20 between 2 and 50nm and macro-pores "MP" in diameter greater than
50nm. The image of Figure 7D deséribes the consolidation phase of the
meso-porous structure,‘ which leads to the formation of meso-pores "mp"
from the size extremely uniform. This scheme makes proof of the good
results obtained with the new manufacturing technique that, through the
25 direct control of the size of the nano-spheres, delivers specific catalytic
compositions by weaving, tailoring/optimizing them to the diverse needs of
industrial practice.
Example 12
; The bar graph of Figure 8 shows the comparison of the
30 adsorption of phenol of the sample CM n; (Composition
Ce 05 Mn g5 O ) with respect to that reported by a similar composition
prepared by  conventional co-precipitation [Appl. Catalysis. B:

Environmental, 32 (2001) 195] and from other systems based on ceria



51 of the catalytic conmpositions of the present invention. Figure 7A shows
the SEM picture depicting the surface texture of the sanple CM m

( Conposi tworof1684570. 5 Ce 0.5 0 x). The i mage of Fi gur e P¢BIdEaZ00DES t he
initial phase of the 5 realization of nmeso-porous structure of the

catal ytic conpositions, where the aggregation of the two-dinensional

nano- spheres equi -di nensional |eads to a gprst structure fromthe surface

rather regul ar gcél-@l ah&rﬁéblétrhﬁfatl.ﬁé% |f§ucp@r ﬁtﬁleéhezp%?e@yaéc%?dl eReihat of

i nt ergranul ar rrpty packi ng, or t areas ih eorre | C reasons,
not realized thepartec mcﬂwebldenaialre [Mopidee Caalo 51)(&00&) T7A, \magasdred after 5
geonetrical reaso Q of t he voi ds of Eackl w | | varﬁ W th

size of the naHB?Y¥ rkﬁﬁe? §°8 tVH'é"i' ANt ARUEPER 229110 tainigr d 09RoRRMY F?

presence of i “Fﬁéﬂéla‘T’Héaédéﬁ?bﬁ'&w 185t Wils Sordlitied atdh 00O land A4LGR! ARGk DY

the reference , medi um (20-50nm di anet er, m"') "and 1 arge
(di arreterSQreagEapft hladlcatrmn thabt Hie ulﬁterﬁenmmutaS) the catalyst ﬁmnpmmw of

Fi gure 7C descfjbes.the phase _in wh e ces f..
stratification {::Sr‘?éac?é|‘i“<‘32tsta(5’ﬂpleteh@q '§1|°?P3 f&’c’PBY'Q omt h& salution

t hr ee- di mensi OBWald}éotpanet@S@auahﬁt?Cquﬂtéﬁbl ba@afwwol SMitsLlveight| WhRd the
channel s rat her reqgul ar, meso- pores " np' di aneter 20 between 2 and

50nm and macr oe@divalent ma'tatyﬁt dlopnecipitatgr é%nmrcateéyslgcﬁtmEnwr@nmm@ai 032

whi'cn 1 eads.t oA ISELERTES o BhefRy BRI R I I T G SE SeRbt Hid ) °
uni form 1ghi s fehoftheskamhl® ML, ofhd kemevaldoperatdd By e ctdlysts bagete new
manuf act uri ng technj que that, through t he 25 direct control of the size of

the nano- spher 88 ceda| (Ges? ajjsbBpblednetalais alse tenrijspas lqwersthey thahof Mg
tailoring/opti géﬁ.lg[ég Mtem to the diverse needs of industrial practice.
Exanpl e 12 The Dbar gra’B of Figure 8 shows the conparison of the 30
adsor pti on of Ehamletb the sanple CM i (Corrp05|t|on Ce 0.5 WMn 0.5 0 x)

W th respect tothat ted | ar 0S| t red, by
convent i gnal co- pr eC| Poﬁrﬁ%pp? Fgﬁt’ﬁsyéﬁsn%”ﬂ 9 f"BWnE'?ﬁtt%sorBtP'( 2001)
195 d

] an 1{‘5&0”1 %ﬁ’r@;? eMH9BRS ¢ QHoRAr of%go%%fﬁtteﬂfﬂﬁté}@%?yl &hat S

ed according to orted in‘the literature
[Top| cs Cat al . (MBBE),20e8pedtiiely nettainesd with ethes samptteeﬁMfdemmnmmn h an

| uti tai ni ng 1000 henol . . The, ad t
canducred at 168 @ UhasDand 2raRe ok Bl 2opHE Baaoe e TO Y (Hhes s
the catal yst compfghfcddoredte &- ﬁ/pgeaoam% fidth IzeoRge B EMitH éo@@@@bt &0f

removing fromthe sgl ution by adsorption to a quantity of henol equal to

45% of its wel 480 ,mitg; 1 APDN . 7e gm)vegcently dasteidy suceassfulyi ini the senapal of

VCﬁ;[ 2|hy;5'339 our %‘rﬁ%é&{% %{)Hlét%%ts( %QRt]eAne]cg Tr’rl UrbaR Wasté v%'t%?.tThé( z%follf%hﬁpm

Figure 9B shows an adsorption of type "I", which confirms the structure of
this micro-porous zeolite. The zeolite reaches the maximum saturation in
MTBE to the partial pressure (P/Ps) of 0.8 with a value of accumulation of
0.15 grams of MTBE per gram of zeolite.

25 The adsorption isotherm of MTBE composition of
Mn o5 Ce g5 O x (Sample CM 1) shown in Figure 9A is rather like "IV" on
confirmation of the meso-porous structure of this composition. The
catalytic composition reaches the maximum saturation in MTBE to a value
of less than 400mbar pressure (P/Ps> 0.8), being able to store within the

30 pores of its structure 0.47 grams of MTBE per gram of composition, which
is three times greater than the storage capacity of the zeolite commercial.

Example 14 ,
Figure 10 shows a photo HR-TEM which describes the structure



10 that of the sanple CM nm . The renoval operated by other catal ysts based
on ceria (Ce0 2) and noble netals is also ten tines |ower than that of the
sanpl e Chwvoi21266898pl e 13 The two graphs of Figures 9A ardTARM@Iow11he
adsorption 15 isotherns (T = 299K, P <400nbar) of vapors of

met hyl -tert-butyl ether (MIBE), respectively obtained with the sanple CM nl
(Conmposition Ce 0.5 Mh 0.5 0 x) and a sampd e of commercial zeolite

adsor bent high iyt e | L Y, e, ai_labl gpf : CBV
with code 901;6@&&%@%@2 g;m1igéﬁ8$.d7c’t'tﬁ)r% oﬁlgl(@eoﬁt%Of’gf)'elgRsT}g?elss&.ﬁy?'tf in
t he renoval ofinitAediatety obsgavable pgbredatas DNONdrgstatithel phasdyaconsisting efat er .
The zeolitein"Fig% ich confirns

e 9B sh ; d t] f t ",

the structure &fYX %’F'E%sﬁi@?‘sg%\sdw%?%f%rﬁﬁté’%ﬂ%@ ﬁé%?’ﬁ%ger eﬁ%rﬁmtw IGRaxi mum

; 0 : : ptibey . ¢
mccumil at1on o0 W3t MRlie BLeREABAST e Ftfies ditafledt, Hpehuied Bratk. 0
i sot herm »f MIBE syompetry tarystaliine Meridnb oklde0of3h8 invérdmmp TheGNade) DBIisn i n
Figure 9A is rather like "IV' on confirmatjon of the O- porous _.structure
of Lhis. cormostBpgsedTEmagearRusl B dbBobIavan PhasneITe " RaRsRtiRg O
saturation in dResid 8f iRhHGaMdsd Esatioh8athAt0QMRATINBSPRPAEE tiHIES> dhdd) -

being able to store within the 30pores of its structure 0.47 grans of MIBE
per gram of cdepevalenbeegriuthi ch is three times greater than the storage

capacity of t i comercial. Exanple 14 Figure 10 shows a photo
. 5 Ot
HR- TEM whi ch the structure 53 of the sanmple CM m (Conposition

of M 0.50Ce 0.5 O xFigurBs FiHM e BRERowtRB difliaRtivn QY P sg@iarat es
DNC crystalline phase, consisting of "crystallites" dinmeter with | ess than

6nm and an avejopROSons ahgragiarzrdadyung \iifferent cantante obr iceriver Tos. The
lattice dist a%ﬁ%gﬁﬂgﬁsw ﬁ%ﬂgrcﬂfsffa&ﬁigﬁ werienEo|lettéd Yé%ﬁésqltiyglgniﬁte%dg%g} %@_—'gge of

the i nvention. ase I Sper Sed homogene phase
(MBV), consi st(Figuref 19Apoand d40E8 rndugresssethetd | (Migurehal1B)| Thei Batadier at e
trivalent and tetraval ent cerium Exanple 15 10Figures 11A and 11B show
the diffracti FPTPRRTUINS J1avei @ CONIERK PE cIiBsin itBHEs cohaaiemis ifrddiopy a

di ff tent : I\ | ' X ' |

ol | ect o 1 esBde) WGP VaiBs BOfuichl (P21 8 S70Ms 2Xaflbe Ll cPLaRS, et
Fi 11B). leatshioyt tveo dw gliffraotic & irexttic ahd plitondenoft

of Stomi ¢ fzaczz?é:%g gx %%,"g&éﬁ e et ven o.é?a{n?g% .e% can
be seen, all th¥ [eS: 4 Qﬁlﬁég) d???ﬂgc}tﬂf@ﬁt%é g4 eﬁ%‘Wré‘f’Pic and
anpl i tude of ﬁo%ﬁ%@%reﬁ%ﬁe%n?é?ﬁ‘b‘f céﬁﬂnﬁﬂ%t%té’%rf\ﬁbéitioﬁ@e.

intensity of ich growwth the 1 ncrease of the conte certumin st

t hey conposi t ikxample 16
20 Figures 12A and 12B show the results of the analysis
deconvolutiva of the diffraction pattern of the area 20-38 degrees 2theta of
two catalytic compositions, having atomic fraction of cerium e X)
respectively of 0.27 and 0, 75. The results of the analysis deconvolutiva
show that the peak at 30 degrees 2theta is given by the combination/linear
25 superposition (convolution) of the signals XRD due to the reflection of X-
ray crystal planes on cerium oxide (step DNC) and the "scattering" phase
of the "glassy” (step MSV). In particular, the mathematical deconvolution
indicates the presence of three peaks in the area 20-38 degrees 2theta,
respectively centered at about 28.6, 30.2 and 33.0 degrees 2theta. The
30 peaks at 28.6 and 33.0 respectively respond to the reflection of X-ray
crystallographic cerium oxide on the faces of the invention to Miller indices
respectively <111> and <200>. The highest peak flared, to 30.2 degrees

2theta place, is the result of the effects of scattering of radiation by the



Exanmpl e 16 20Fi gures 12A and 12B show the results of the analysis

deconvol utiva of the diffraction pattern of the area 20-38 degrees 2theta
of two caweli¥wswmoenpositi ons, having atom c fracti on ofcrariuzngem X)
respectively of 0.27 and 0, 75. The results of the anal ysis deconvol utiva
show that the peak at 30 degrees 2theta is given by the conbination/linear
25 superposition (convolution) of the sigpnals XRD due to the reflection of

X-ray crystal i)?nf\es%,g?@@?&iiq,lwgwde (step DNC) and the "scattering" phase

of the "glassy ticular, the mathematical deconvol ution

i ndi cates the presendéombvehribe rmwieityl 0f tHiae r@fl‘emroaﬁ dPstdtipeces$1 2t raida,
respectively cea@ered at abouE and .33.0 degrees 2theta, The 30
peaks at 28.6 dAIE sf‘?aé%éb h%%@tﬁlyﬁ'ésﬁ%ﬂﬂoﬁ'tbo@ i oreatee@{orie hactien g 6

crystal | ographig& QX on the faces of the invention to Ml er
I ndi ces respect%&ﬁﬁéeﬁq‘ib %ﬁd <200>. The hi ghest peak flared, to 30.2

degrees 26heta place, is the result of the effects of scattering of

radiation by the 54 mxture glassy solid (MsV). Mor eover, the
Eéamg@ EZ

intensity of t tions crystalline <111> and <200> is greater in the

catal ytic conpositi ofj Fé@reg’{ :?%hSWsatherBd?réléﬁ&ﬁ WH‘brPHe%* béémr{ecmcreaseﬂoﬁ 5). 5
Exanple 17 ure 13 shows the correl ation which describes the

i ncrease of t hibef fraettdrbnf @fearoelatf‘@nxﬂlie pNRBJe dhbl@etha\rmqrm;se of theynsdorvic t he

t f 1 i
fraction (ForadiortBahin e o AT VELERBistie el toling satn RepRd Seas,
cerium oxpde (&&findtedlasarea: r%hoderaludecﬂo liye XD pehied canign ot (G80S, yeul

denonstrates that the content of ceriumis a decisive factor in the control -
of the phase m&ﬂaarmlwvrdedmygtheemarl %f‘ﬁavr?éRDhé'htSr syltoderonstrates (that
concentration t.he .15 surface. I ers qu rying
the atomc fra I@pt%ﬂ%&g%@@ fjﬁc'§'l¥8 q{ﬁro(lgf]%p uI ts
refer to the cgiahpld $8 conpositions prepared W|th di fferent content of M
with the tecnic to the present mventron&upper curve) and to simlar

conposi ti ons shown i Figure t4eshkews the tead @f @ Tekpive. cangeatrpgipr of Mn in the
Envi ronmfpt al srﬁ‘?ac‘ezfa% S (%L?rfﬂe l\ﬂﬁfﬂﬂﬁjgﬁgvaﬁ neg the atomic fraction of manganese

in the compositions (x mn). The results refer to the catalytic compositions
prepared with different content of Mn with the tecnic to the present
invention (upper curve) and to similar compositions shown in the recent
literature [Appl. Catalysis. B: Environmental, 32 (2001) 195] and used here
20 as reference (lower curve). Figure 14 shows how, regardless of the
content of manganese, the catalytic compositiohs' of the present invention
exhibit a higher concentration of manganese in the surface layers with
respect to the internal ones (Mn syface/Mn pu> 1). Otherwise, the
compositions of reference demonstrate an increased concentration of
25 manganese in the layers of bulk yface MN/Mn pu <1). This difference
becomes greater when the content of manganese in the catalytic
composition is very low, tending progressively to shrink for loads of
manganese increasingly high. The difference is of course nothing when
the material is made from a single eomponent XM =1).
ao Example 19
Figure 15 shows the trend of the surface area relative of
manganese, calculated as the product of the atomic fraction of the
manganese and the total surface area [(Mn a/(Mn + Ce aat)) - SA BET], the



20 as reference (lower curve). Figure 14 shows how, regardl ess of the
content of nanganese, the catalytic conpositions of the present invention
exhi bit awbixgirersesoncent rati on of nanganese in the surfacenrayzo®iv t h
respect to the internal ones (M surface/Mh bul k> 1). O herw se, the
conpositions of reference denonstrate an increased concentration of 25
manganese in the layers of bulk (surface 3\ An bulk <1). This difference

becones greate nt - Of i I CnL0 jtion
s very Low ¢ iatn e Faol ofRERBARRS: I hoTgimdbitdrs oCaToAR
i ncreasi ngly hregults Tefer do thiecatabgici conopositionssprepatdd withwdiferenbeonteneonf al i s

made from a sipgl e copponent. (x = 1). 30Exanple 19 Fi qure 15
shows the tren@ﬁb‘(‘”tgHggstGFlf‘%JSHe&VBQGr@')ﬁé?'i‘tv@vﬁg}?%ﬁ@%s@{”@h?@gIg’fné'ar as

t he product of &iBA% Cpfavitidd n d supf ace
area [(Mh at/ (%ﬁﬁo@dtgeg% %{O;) ' g@\ FBéflg_?Werteﬁg géé@ﬁ%%}?%t iléaﬁlogg@g?ﬁﬁé'
fracti on 8f nabBgwneweentalt 32 (30Pbsi195dnandxused . haitee asegefdrencef goweo t he

tal yti it d wth diff. t t . of Mh with th
echn, que of T REVBH-d0aHE TR AORNSOhOV BB N EER a5 R Ao ' RBBARRRS 1 ons
provi ded in regrnsufged 1ARsrBetampired WM theCarEatsp itStal BurfacEnareaos ey al ,

32 (2001) 195] and used here as reference (lower curve). Figure 15 shows
how t he hi ghescatabicesemaosiiansfofntheypiesenti mvehtioguthedace asertbat thewbi ned

with the,greater, total surface area of the catal vii itions .of the
present 1 nvent?)émg)'?t %eg'fef(t,%r @geghti‘%nt hé%l §Lh%m%§n§rcég¥2€éa9°éﬁp$ﬂ@%nﬁ hat
of equivabent faporledtinGhé AfEpaRIré] ons 10reported in the literature. Exanple
20 Fi gures 16A and 16B show the "chem stry nmappi ng" an area of

10pm x 10pm of Exa&mptea2®| e surface CM nl (Conposition of Mi 0.5 Ce 0.5 0 Xx).

The result of the sc t j LWbut . " t j m' of
the atons of cerium %@gnﬁnﬁga@ggh%%}wné%%gxrrﬂgééﬁﬁaﬁér gmél'ﬁfa
surface ?f thﬁ16|alflip| ® Ctx(bmmzcofns'tmhs sbgfpléS%mfaoé?ngmmgsecan@ogEidnunﬁf
cations for the renaining 42% wth a vi ation 4% conpared to the
average. This V@sﬂﬁ@eabﬁxw-@%al%suﬂthﬁ g’ﬁe 5§Qﬁp})@?%\ﬁ'hﬂw~°{ %ﬁp@ﬁtf'ﬁ)ﬁtﬂp%f Mh

0.5 Ce 018 0 XlodMachy &hfBtm’ Bffhg%é[rﬁrg‘{s‘;&‘z‘cieriuﬂY%é) hisd esd (frh e

great er than t ayers. n the | mage
Fi gures 17A ansurfdd® dayershdive sudacesafl the sanpB/CMeasconsistst for dpifoSEM

bt ai ned f f th face very " w (10 000nm.x)} of (th
Caml o sur f aceTBOBANSSerRR0 AT SRS T e HBEIIPEAC oy W) AHOVIRUANEl

concentration pfgofeidHparedr Ryther §@sthge CPAR leSURBISH fevd A9 tAGhe288mpleeas
wi th the highest concentration of manganese (dark gray areas), conprising

the step MSV. CMempéCompositionofddn whlCet sc@nsMintpresentip thesurfhae dayais isaces

el udi ngot he 3890 L44MTe QAR AR AR Dot ween cerum(or) and

manganese (M) ggaswles2ft the level "ionic", through the creation of oxygen

bridges |- NhOGE—"]—.'L

'- ' In the images of Figures 17A and 17B are shown the results of

ESCA measurements and SEM obtained from scans of the surface very

"narrow”" (1000nm 1000nm x) of the sample surface CM m1. The chemical

25 map shows areas with the highest concentration of cerium (gray areas),
comprising the step DNC, and areas with the highest concentration of
manganese (dark gray areas), comprising the step MSV. The perimeter
areas which constitute the interface surfaces (or contact) between the
phases DNC and MSV are medium-pitch (gray 50-60%), including the

30 areas in which the interaction between cerium (Ce) and manganese (Mn)
occurs at the level "ionic", through the creation of oxygen bridges [-Mn-
OCE-]. '

By comparing the SEM image of the texture (Figure 17B) with that



56 of chem cal map (Figure 17A), shows that the nano-spheres that nake up
this catal yst conposition are statistically equivalent in size and
conposi t iwo.20pwpkdscat i ons in process of renoval of poll pcantmibyooazbsor ption
and oxidation Exanple 22 The graph of Figure 18 shows a

conpari son between the catalytic performance of the sanple CMn2 in the
reaction of the phenol CWAO conpared to tdyse of a simlar reference

i
5 "Envi r onment 3 cegiepba (FIREE AN b0 8 ReCheRd 7 oNer R miRe T 21
(Ce0 2) and nothise marlta st (compdsitionPdarePt sthtiktically lequNMeht t iy agigee dn'ﬂ)pl cs

Catal ., 33 (2005 L The catalytic results are expressed in terns of
resi dual conceflMBP#!BANof phenol and total organic carbon (TOC), obtained

after 15 m ”Ut,&li?ﬂ‘atnbﬁéchi q Bmﬁbﬁ"‘ﬁ{ a%% fdredy 160
C tenperature, T ) ‘ ' a ratio
cat al yst/&henommg to 2. The dat a confl rmthe best cat al yt I ¢ perfornmance
of sanple CM reacti on of CWAO of phenol, which gets the
practically c noval of the phenol and the TOC after only 15

m nutes, conpared W trihealpahn 26 Mighie Al ahBed BY doMspadreHetpeeh vt al yst

performance significantly bel ow and above systens based on ceria (CeO 2)
and nobl e net a@baialytiaamrfcmrrmce of the sarmple @Mphlmthe:|rgmt@n19f $heowbenol

conpari son bet t he catal yti for nce of th l.e t he
Feact] on of ¢ HeT ARk G le BT i sats POl MR S e
conposi tign, pé&ﬂ/@hﬂdn@%dlgfét%lfdt@ﬁa[hpﬁpﬂh’té%i@' BaEmitohivepital, @2%20015) s. B
Environnental , 32 (2001) 1 , interns of sélectivity to CO 2 after

hours of react19fl. arrdnéroaapmeytswgtem%bgse@pa cepiadGeC e and nave metads (160 C
L L o, P Sl 2 o s STV, R P L0
to CO 2 Sanpl ecHidlyti@ résumadretepPesderl incteane s eesidudl condeatratieh of pAefok 0 150
C. Exanple 24 The graph of Figure 20 shows a conparison between the 57
and total organic carbon (TOC), obtained after 15 minutes of reaction. The
15 catalytic tests were conducted at 160 °C temperature, the total pressure of
14 atm (oxygen 9 atm) and with a ratio catalyst/phenol equal to 2. The
data confirm the best catalytic. performance of sample CM n,in the
reaction of CWAO of phenol,’which gets the practically complete removal
of the phenol and the TOC after only 15 minutes, compared with about
20 half obtained by the conventional catalyst performance significantly below
and above systems based on ceria (CeO 2 and noble metals .
4\ Example 23
* The graph of Figure 19 shows a comparison between the
| catalytic performance of the sample CM ¢ in the reaction of the phenol
25 CWAO compared to those of a similar reference composition, prepared by
conventional co-precipitation [Appl. Catalysis. B: Environmental, 32 (2001)
195], in terms of selectivity to CO , after 6 hours of reaction. The catalytic
tests were conducted at 130 °C and 150 °C temperature, 12 and 14 atm
total pressure (oxygen 9 atm) and with a ratio catalyst/phenol equal to
30 5. The data demonstrate the improved selectivity to CO ; Sample
CM 2 compared to the reference sample, both at 130 °C to 150 °C.

Example 24
The graph of Figure 20 shows a comparison between the



catal ytic performance of the sanple CMnR2 in the reaction of CMNO of acetic
acid conpared to those of a simlar reference conposition prepared by

convent i oweloospyseci pitation [Appl. Catalysis. B: Envi pommrestzboo1d2 (2001)
195]. The catalytic results are expressed in terns of conversion of 5
acetic acid and selectivity to CO2 after 30 m nutes of reaction. The
catalytic tests were conducted at 150 C tsgnperature, the total pressure of

14 atm (oxyge . ti a Ifahen . ) \WK‘O a
confirmthe b&s??alg{ééﬁﬁe%?rggﬂéréfé)f(r)mrre%{n%?néfé giﬁ EA éﬁﬁﬁggﬁ%%%?nc er rrsd&t)f
conversi on of seticiatidcoshparet getheskiofid sintilar &lefenscompasitionalpresaredoubl e
10conpared to the catalyst of reference. raph of

Exanpl e 25 ] The
Fi gure 21 showy 1a98vealenalscempresindation dﬁpphgfpﬁﬁWﬂseBCl\/Eﬁ’l"“mm?W@ r Sfoval
of cyani de an ' L N QU | ] of
Tt ol ourt aged 2O0RE P2k e RHETEE odts B BlireSed BT IS b Lol ich SR
cont acti rg) t heaceticuacidn anidt Beleotivibanpl €Gitb aftet e3pematutes off réaction. Theng a

rati o sanpl e/ solutj o ual t . .The t I that th I
G 12 | o b e CAAUHE RSt g Pafivieditind feSsEpsim 18 1A He s
Exanpl e 26 204 gith oRydger 9V&tni)nénd %Sr‘ﬁtibscéléllyét/bﬁéﬁolr #Mo 10. The data 6

eco-toxicol ogical industrial waste water polluted treated at 70 C for
hours with theondinpl theddest datalytic peciormance rof saraple SNownboth iRi lgome of2

shows the average growth to.7 days as sur ed t eparate grou of 45
ol'ants. respecteupiieh pf gpts i ind SalEFfS (ile WBeB A rGsLhoURR:
heavy mef@ls Rpnpgatedayane datlystof refeldhdehe same water after the
purification treatnent. The rate of growmh of lettuce plants is 10 tines

hi gher irrigatExamplee2Sprouts with water treated with the catal yst CM ni

cararyst av i eff ect PacPPrbahdle 7 ShalE B; iR Bhled S e, "

(heavy 30net alsampigaOivies1 ietthe. lemanesfatyanige esenicoppet livrss fyesertfin
i ndustrial waste. The present invention has been descrjbed at the
chapter il ustipdystial puastgotwateri freafroenty efpdvetal sudaces ndie otest swas

DL o SRR, R bohdnlhpro g SRR B /S8 i 8 0
departing fromantslesataptermnperataieect Y0r1C, usinglafratiedsdnyplelsolutimmeadieal tol ai ns.
>9 one. The test results show that the sample CM n; is able to effectively
remove both the pollutants in about 6 hours.
Example 26
20 Figure 22 shows the results of a test run on eco-toxicological
| industrial waste water polluted treated at 70 °C for 6 hours with the sample
CM 1. In particular, the graph shown in Figure 22 shows the average
growth to 7 days as measured on two separate groups of 45 plants
respectively irrigated with industrial wastewater poIIutéd with heavy metals
25 and cyanides, and with the same water after the purification
treatment. The rate of growth of lettuce plants is 10 times higher irrigating
the sprouts with water treated with the catalyst CM s compared to those
irrigated with untreated water, demonstrating that the catalyst
CM 1 effectively removes the main substances toxic to plants (heavy
30 metals, cyanides, etc..), generally present in this type of industrial waste.
The present invention has been described at the chapter
illustrative but not limitative purposes, according to its preferred
embodiments, but it is to be understood that variations and/or



CLAI M5 1) Nano-structured conposite material based on conpositions
of manganese and cerium conposed of aggregated conposite nanospheres,
rangi ng iwopfiehdsom 1 to 40nm of ultrafine crystallinectarnaspemaiticl es
of one or nore conpounds of cerium dispersed in a nmetastable solid mxture
of one or nore sub-stoichionetric oxides of nmanganese, characterised in
that said sub-stoichionetric oxides of nmejganese conprise MeMnO,

manganat es, r.ai % IAJRE0 i f I 2l S ted
anongst al ka%ﬁglﬁaaﬁg,gn gjglrﬁkg%i %@%@ﬁ%ﬁfoﬁt&b&ogfbsﬁ gﬁ@l&?i@nﬂ%?gl \gﬁglﬁ rare
earths. déharfiogpfosint theratepe adf pratectibmg ao deffinedt By theaapperetedsed in
that said sub-stoichionetric oxides of manganese conpri se MOy oxi des,
wherei n 1<y<4,Cl@iM%  conprise bival ent nmanganese (Mil 1), trival ent
manganese (MWnll1), tetraval ent nmanganese (MWnlV), exaval ent manganese
15(MhVI) and eptaval ent nmanganese (WhVI1) or m xtures thereof. 3)
Conpositesmaterial according to claim2, characterised in that said

sub- st oi chionetric oxi des of manganese are present in an anount of at |east
25% and not nore than 75% of the total weight of the material.

4) Conposite material according to claim3, characterised in that 20said
sub-stoichionetric oxi des of nmanganese are present in an anmount conprised
in the range 45-55% of the total weight of the nmaterial. 5)
Conposite material according to any of the previous clainms, characterised
in that Me is selected anmongst Ce, V, Ti, C, Fe, Cu, Zn, Sn, Ga, &, Y,

Zr, Al, Si, La, K Li, Pb, Cs, or mxtures thereof. 256) Conposite nateri al
according to claimb5, characterised in that Me is selected anongst Ti, Zr,
Ce or m xtures thereof. 7) Conposite material according to claim§6,
characterised in that Me is Ce. 8) Conposite material according to
any of the previous clains, 30 characterised in that said manganates are
present in an amount of at |east 1% and not nore than 35% of the total

wei ght of the conpound of nanganese. 9) Conposite material according
to claim8, characterised in that



60 sai d manganates are present in an anount conprised in the range 10- 15%
of the total weight of the conpound of manganese. 10) Conposite

mat eri al woQordiceg7t 0 any of the previous clains, charaetenrmegoion7t hat

sai d conpounds of ceriumare CeOx nanocrystalline 5 oxides, wherein
1.55y5 2.0, or solid solutions thereof with vicariant elenents, in the form
of ultrafine crystalline particles, wth g dianeter of 1- 10nm

11) Conposite material according to cl %mI% characterised in that said
CeOx nanocrystalline oxides are present Tn an anount of at |east 20% 10and

not nore than 85% of) Namotsttuntureei gipositd meatesibEbaséd on compo]s&)on@ooﬁosi te
mat erial according to cllaim 11, characterised in _that said CeOx
nanocryst al | i n@3943A0ese ar%n‘f)re%%rﬂ{mrl n COMREESENt Fonpogresated, +FRMPESitRe

ggcg?;/(l) (r)é tgeaﬁ@ﬁ%oh%égma'ﬁ gﬁj Eeﬁbmg c ac}%rg: éﬁfsé‘@‘%n t{a@sf&hr@' o
conpoundss of cmmoparbciarprofse)neompomnds mﬁmpemmdeno%cemumurms;nmedsm a

el ectroni c/struci ab pronpt er sen am)n st OX|§ ﬁ%ﬂ‘ éOS) ceric
per oxi de ( Ce- H§? qpsgblec st mbdiise aﬁ%pa)m (& SUP-laIshinipetricoaYides) of |
ceric ammoni U”hw'&h?éﬁéé‘e R} 2 E8HDEB) iR th&eTdabd AEBEIHHERISHHERAT Sxides  of

RNH4) 2Ce( SO4) 3], Rexa-chloro ceric anmmoni um 20[ ( NH4) 2CeC16], cerous
per oxi de [ Ce- Hdangd0e¢e cvemprise MeMoOganboganaef CabidOEB] 1<z:£¢ ol beivgpxi de

[Ce(OH)3], cero Ce2(COB H20 b
oo otm | - Sansidedntt shat o roRoEIRpENIS Sels fqorﬂé'gg%eof']‘éj#@‘ﬁta'ﬁerous
oxyfluorjgde [Cﬁgghqéégélgh'%e‘téllspﬂ%h&tlbﬁ:‘?ﬁét%% sul fide [Ce2S3],

cerium oxysul fi 2S], 25cerous nitrate Ce NCB 36H20], cerous
chloride [CeCl 3], c2yComposjtehnatdrid focotiing ,tocaaioud, mmnacterlgeiéﬂm 3pabr

m xtures thereof. nNpos te terial according t

charact eri sed ?ﬂdtﬁ%'sgﬁ?m%& COANEANGRT ccf?n?‘i’fﬁ% I@rﬁ&gsomdes

el ectroni c/ strypbil 1RO LS BbM ésgﬂfalérﬂ AMaryariese qmmnsl tavkleAt t he
range 2-40% of the 30total weight of the material. 15) Conposite

material accormanganasa(Mnm)itetrawaéarém@ngagweu MnINt exavatend rRBgRRRS Cof
cerium a£§ Pr e(?\ﬁr'{\ll) ahd eptg\/rraqgr"?tt m%RBBﬁééeeﬂthu Qlextures thereof.

3) Composite material according to claim 2, characterised in that
said sub-stoichiometric oxides of manganese are present in an amount of
at least 25% and not more than 75% of the total weight of the material.

4) Composite material according to claim 3, characterised in that

20 said sub-stoichiometric oxides of manganese are present in an amount
comprised in the range 45-55% of the total weight of the material.

5) Composite material according to any of the previous claims,
characterised in that Me is selected amongst Ce, V, Ti, Cr, Fe, Cu, Zn, Sn,
Ga, Gd, Y, Zr, Al, Si, La, K, Li, Pb, Cs, or mixtures thereof.

25 6) Composite material according to claim 5, characterised in that
| Me is selected amongst Ti, Zr, Ce or mixtures thereof.

7) Composite material according to claim 6, characterised in that
Me is Ce.

8) Composite material according to any of the previous claims,

30 characterised in that said manganates are present in an amount of at least
1% and not more than 35% of the total weight of the compound of
manganese.

9) Composite material according to claim 8, characterised in that



61 range 10-20% of the total weight of the material. 16) Conposite
mat eri al according to any of the previous clainms, characterised in that it
addi t i onavbyoowpysises an el ectronic/ structural pronot ePcthoxezo@rengst
alumina, silica, titania, germania, zirconia, 5 alumnosilicates,
zirconil-silicates, chrom um oxi des, copper oxides, nolybdenum oxi des,

t ant al um oxi des, zinc oxides, yttrium oxiges, vanadi um oxi des, iron oxides

and m xtures tPQiBe&fangﬁgates are Egﬁeinﬁmhﬁﬁlﬁgtc%ﬁﬁse@cﬁof@ Péshgieoﬂny of
18

t he previous clains, racteri S a nMesopor ous ucture,

wi th pores wi t h15%0di thertbtal weightrof dleel cortpoaad df naehdsm )
Conposite materi al cofding .to claim117, characterised in that 80% of the
di aneter of the por ié) ﬁ&“?fgﬁ'@eg‘%@'ﬁe?%WW@%paﬁB&r‘Ef ey PEaviys ' | ower

than 0. 2. \ at el L Gt of ) OUS
clainms, 15 cha?g%%%%elrsegn ﬁﬁth%ﬁg?ﬁl f&hgéuﬁ|85ﬂ%%oﬁggﬁgpétqabﬁewfﬁmganese
ions in tBe suokides, |ayerein t h&8x£2.0, noersalid aohwtions tthensalf ugdtholvidanianat om ¢
rati o of manganese on the surface with respect to the inner |ayers varying
bet ween 1.1 an€élemants, in the form of gjtrafineperystadineapaiticies, witba diansetepohily of

t he previous cl(]jahﬁrls, 20characterised in that it has high surface density of
redox sites and acid- base sites, with values that are greater than 1.0

prol i / n. - 2111 Pcongrsiteanatdial aecstding @nclaim & ONanaratérisduinetiat
conposite material based on conpositions of manganese and cerium as glefi ned
in clains 1- 20,Salér%$9étn@ﬂp§'a/§tal Qﬁ’&fjeﬁtar%élﬁﬁq dsap et gt lﬁf%?@p’%: 25
- preparat,i on i but 4 enu@ﬂ ' gtion, in water or
in vvater?éol ve%{]dﬁoiﬁﬂjﬂlg,tﬂ%? ggé {)gmgntgglsg\{ ! e&éﬂa%phia&%gl' of dival ent
manganese (M"), tril2paCentposdeimatefi@eatdgrdamgdtootibion 1rtechatacteredesinanthat ( Me)

romt ors, oot SACGSy nanosHtImm oxidescapieseB i ah amaue: suBpieed n -
T et e o of P STbOR) 3 BOTHRMILEARGY N RAGHESTS 0L, g o
sol ution of pronotel8) Compdsitebmateiialgaccasdingt tcoany; of 8@ previous claims,
15 characterised in that said compounds of cerium comprise compounds of
cerium which function as electronic/structural promoters, chosen amongst
oxides (CeO,; Cex03), ceric peroxide (Ce-H20-0,), ceric fluoride (CeFy),
ceric sulphate [Ce(SQ,)2], ceric ammonium nitrate [(NH,).Ce(NOs)g], ceric
ammonium sulphate [(NH4)2Ce(SO4)s], hexa-chloro ceric ammonium
20 [(NH4)2.CeClg], cerous peroxide [Ce-H;O-H20,], cerous basic carbonate
[CeOHCOg3], cerous hydroxide [Ce(OH)s], cerous carbonate
[Ce2(CO3)3'nH,0], cerous oxycarbonate [Ce;02(CO3)], cerous phosphate
[CePO4H20], cerous fluoride [CeF;], cerous oxyfluoride [CeOF], cerous
sulphate [Ce2(S0,)s], cerous sulfide [Ce,S3], cerium oxysulfide [Ce202S],
55 cerous nitrate [Ce(NO3);6H.0], cerous chloride [CeCls], cerous
oxychloride [CeOCl], cerous bromide [CeBr;] or mixtures thereof.

14) Composite material according to claim 13, characterised in that
said compounds of cerium which function as electronic/structural
promoters are present in an amount comprised in the range 2-40% of the

ﬁo total weight of the material.

15) Composite material according to claim 14, characterised in that

said compounds of cerium are present in an amount comprised in the



preparation of an oxidising solution, obtained by dissolving strong

oxi di zi ng chem cal conpounds in water; preparation of an al kal i ne
sol uti on,wobbeiteed7by di ssol ving an al kal i ne agent (i norgantmizogi@ gani c
bases) in water; 5- mxing the oxidising solution with the al kaline
solution, until obtaining a new solution defined solution B, wth pH>7 and
oxi di si ng potenti al E>+0 80V dgoppi ng solution A to solution B,
under stirring o/C potential of solution B
and rate of ad'?%lrgf ("o%%q?{?' R’E@ngﬁ%gﬂa@%ﬁﬁtlon agei ng and

t hi ckeni ng of the ftﬁ)nCloansetel rmat@riai Fovdrdingsteqamptofr ihepprvidus tldimsat i on

of the precipi tate fromthe washing filtrate and subsequen
dryi ng; c aradﬁ”ﬁsﬂ Ebﬁge § Mociifioniily R BHiFeR 4 celeBrORRGIUral
pr eci pitates CHIRRR

sal t s/ hydr oxi des car Eonat %@/ Ehgﬁggé %g oariaﬂla'gabyt?ma? r‘?eﬁrmtapclead rZrIéCI;]OﬂIa

22) Process foalunhleos)hcaies,tmrcooﬂ silicates)- smmmiumed)xmqaosoppenabmdeaj
based on corrp05| |ons of maaganese nd cerjum as deflgﬁg in clains

characteri sed |ﬁ’ yodepum, RXIPER.s tARalyrg) |ideRy ngp<oxi yﬁﬁ'i‘gbapé'fjﬁﬁﬂ of a
reduci ng: sol Uty acnabigss Wondhaad shd Mctuhdl WRkS OF i n vater/ sol vent

m xture, of salts and sol ubl e conpounds of dival ent manganese (M"),
trivalent cerium (Cé'[)l Cpmpasitet lhil@termtaﬂdordjnglt@nany s)f(ﬂhe)pmmtsl elam’!s

generating redgx. co rised betwee and

educi ng ot entharmoitsssop ik RLhEd T mBShppus SRudufirwin® Phres, Wiy,

oxi di si nggsol u@,bm@tep@rﬂpngéh bytv@@sglaﬁurm)rﬁﬁrong oxi di zi ng chem cal
conmpounds in water; droppi n&esol ution A into the reducing sol ution, under

stirring, keeping chhs€ampog arrfetial areordigggotaiaim avl pharekterisedinithat
thi okening of 008 FofriliaMEEririhe Rokelng RS dtEtve SR AHMBER,  on
of the precipi(R8PR) low@hthée0sn! ution; washing filtrate and subsequent _
drying; 19) Composite material according to any of the previous claims,
15 characterised in that it has a higher concentration of manganese ions in
the surface layers than in internal ones, with values of the atomic ratio of
manganese on the surface with respect to the inner layers varying
between 1.1 and 1.5.
20) Composite material according to any of the previous claims,
20 characterised in that it has high surface density of redox sites and acid-
base sites, with values that are greater than 1.0 ymoli/m?.

21) Process for the production of a nano-structured composite
material based on compositions of manganese and cerium as defined in
claims 1-20, characterised in that it comprises the following steps:

25 - preparation of a reducing solution obtained by dissolution, in water
or in water/solvent mixture, of salts and soluble compounds of divalent

"y and other metallic elements (Me)

manganese (Mn"), trivalent cerium (Ce
capable of generating redox couples;
- preparation of a solution of promoters, obtained by dissolution, in
30 water or in a water/solvent mixture, of salts and soluble compounds being
precursors of electronic/structural promoters;
- mixing said reducing solution and said solution of promoters, until

obtaining a solution A,



final consolidation of the structures of the precipitates and 63
deconposi tion of any salts/hydroxi des/carbonat es/ hydr oxy-car bonat es by

t her mal tweabmemses7 23) Process for the producti orCOATZ012/000172
nano-structured conposite material based on conpositions of manganese and
cerium according to 5claim22, characterised in that it additi onal |y
conprises the follow ng steps, preceding éj’ue m Xi ng steps:

preparation of a sal ;?‘rte:%%'??tﬂzfn stag%g( $ing an o 3&9? ngag;g%gé }i0g. <t étﬂ)n ter

or in a water/sol ven ur e e conpoun
precursors of etidietngochemigal carnpoahdpimowatery s; 10- mi xing said oxi d| si ng
solution and said sol uti on of onot unt| | obtaining a nodified

solution A ; the renﬂir‘?f?e?fé iR aBe?ﬁ@ ling, Solwtisy . obtalnedg bysglisgglving ap

nano St UCt Ut S ARNPAT AR Anc R A RTIORA " ?Lt ot whi ch are
presents %$n |iquid -omiyging mlhels@»sdlstrig cmgmom)dsrm’mtthenalkatineaxmmtd)mnuntll

25) Use of a ngno:-structured e materj al sitions of
ma)nganese and @g?ﬂﬂﬂ%r@g‘f ISP |qn d@f‘%‘?ﬁirss Ut’ﬂﬂ nwfﬁ gazoggg OHdENheavy

netal s, cyani destenfiall £:4#0. ggvpounds and various 20 classes of industrial
organi ¢ conpounds such as: pignents and dyes, polyners (PEG, phenols,
al cohol s, al dehydes dnogpig solgtion At@es@utlmﬁenmd@n@tlumgommng canistant

20) oo o 2T BT B TRE Y S5 o PAECS S FRERBH 4B
10 reducing solution;

- ageing and thickening of the forming precipitate and subsequent
removal by filtration of the precipitate from the solution;

- washing filtrate and subsequent drying;

- final consolidation of the structures of the precipitates and

15 decomposition of any salts/hydroxides/carbonates/hydroxy-carbonates by
thermal treatment.

22) Process for the production of a nano-structured composite
material based on compositions of manganese and cerium as defined in
claims 1-20, characterised in that comprises the following steps:

20 - preparétion of a reducing solution obtained by dissolution, in water
or in water/solvent mixture, of salts and soluble compounds of divalent

manganese (Mn'"), trivalent cerium (Ce

) and other metallic elements (Me)
capable of generating redox couples, with pH comprised between 4 and 5
and high reducing potential E<0.70V;

25 - preparation of a solution A, i. e. an oxidising solution, obtained by
dissolving strong oxidizing chemical compounds in water;

- dropping solution A’ into the reducing solution, under stirring,
keeping constant pH and oxidising potential of the reducing solution and
the rate of administration of solution A’;

30 - ageing and thickening of the forming precipitate and subsequent

removal by filtration of the precipitate from the solution;
- washing filtrate and subsequent drying; |

- final consolidation of the structures of the precipitates and



25 oxidation with air/oxygen and | ow tenperature (60-160C) of cyanides and
various classes of industrial organic conpounds such as pignents and dyes,

pol ymer s wBkGw16pd3enol s, al cohol s, al dehydes and ket onegcratrhgs/soorest ers

and carboxylic acids. 27) Use of a nano-structured conposite
materi al based on 30 conpositions of manganese and cerium as defined in
clainse 1-20 in the environmental field, gs3;an adsorbing filter and

oxi dation cata s of
pol I at ant's. suchedmpegtion %Wérﬁ/*?&k‘?‘ﬁ%“@x'ﬁ?g o et ATE R BEs Y
dyes, pol yner stheRihg) treaﬁﬁlemhenol s, alcohols, aldehydes and ketones, ethers,
esters and car boxyl | c aci ds SEB\M?O ch are present both in contam nated water

and in gas streans. Proce iudlae Pproguplien-aft ?uB?W‘éHU%ﬁ%‘é}s‘PQVBP%f%H al

based
bace 503;32??@*“%:?%& TSRS SEERBER T Bl et
trickled bed relamh @2, chaacterseddadhatibbdditionallymcorfpESS tthosHoWing sheped bed

reactors (three- phg SI ui di zed bed (TPFB), slurry bubble colum (SBL)).
29) Use of a nBiEESINOUREEIPRYCHYRPBBsi te naterial based on conpositions of

nmanganese and ceri U-”Bﬂ%a‘?@tﬁdd’%ﬂa'%l@tﬁ&i BFBﬂm’RQte'rQ dpi8inke tgfﬂ@é@lutl% in

pol lutants such as ¢ des fur conpo ment s, ol ynmers
(PEG, phenol swaterautiolaswateriohennd sniatude ket saitssandashbnb& cempeuedalbemg

carboxylic acids, which q esent bo h in contam nated or process waters
and in gas str@rgr%"sors of el @%ﬁ%ﬁ&%@? Pqu?f? Srenoval of pollutants by

means of ;g nano- 15 ﬁﬁilH@tséfcﬁdx@%rﬁ@§bﬁJﬁoﬁ%Trﬂr$ﬁb SOARRM SFprofitiess, iuneins of
manganese and ceri um as defined | ai ms 1-20, conprising a two-stage

t r eat nent \Aher@btﬁlmm@adnﬂ@lﬁgdts@lu’t@ne%al has the dual role of adsorbing

filter and oxi s in a conbined and alternating
manner . 1r)e '@@é}égﬁjpeﬁﬁ%r}cﬁ%géﬁ of pollutants according to claim
30, 20characterised24n W&t of ah dnbHe-skueifed r eainposite pheaterals Baved ion
sequence: - afirst step in which the p oIIutlg‘g nol ecul es which are

present in wateorapesitigas of manganesecandraliwaons drtived inclaimy 1-€Rpdt Heur e
<60C filt it t d
R0 coha ot ol BRI o Rl il i pRSES "

- a second step of oxl sor sai
25conposi te naa@sorptlonapdraxndanomth pre-heated air, for the regeneration of
the filter. 25) Use of a nano-structured composite material based on
compositions of manganese and cerium as defined in claims 1-20, in the
adsorption of heavy metals, cyanides, sulfur compounds and various
20 classes of industrial organic compounds such as: pigments and dyes,
| polymers (PEG), phenols, alcohols, aldehydes and ketones, ethers, esters
and carboxylic acids.
26) Use of a nano-structured composite material based on
compositions of manganese and cerium as defined in claims 1-20, in the
25 oxidation with air/oxygen and low temperature (60-160°C) of cyanides and
various classes of industrial organic compounds such as pigments and
dyes, polymers (PEG), phenols, alcohols, aldehydes and ketones, ethers,
esters and carboxylic acids.
27) Use of a nano-structured composite material based on
30 compositions of manganese and cerium as defined in claims 1-20 in the
environmental field, as an adsorbing filter and oxidation catalyst, for low-
temperature (60-160 °C) removal of molecules of pollutants such as heavy

metals, cyanides, sulfur compounds, pigments, dyes, polymers (PEG),
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phenols, alcohols, aldehydes and ketones, ethers, esters and carboxylic

acids which are present both in contaminated water and in gas streams.

28) Use of a nano-structured composite material based on
compositions of manganese and cerium as defined in claims 1-20 come
oxidation catalyst in fixed bed reactors (plug flow reactor (PFR), trickled
bed reactor (TBR), packed bubble column (PEC)) or a fluidised bed
reactors (three-phase fluidized bed (TPFB), slurry bubble column (SBL)).

29) Use of a nano-structured composite material based on
compositions of manganese and cerium as defined in claims 1-20 in the
removal of pollutants such as cyanides, sulfur compounds, pigments,
dyes, polymers (PEG), phenols, alcohols, aldehydes and ketones, ethers,
esters and carboxylic acids, which are present both in contaminated or
process waters and in gas streams.

30) Process for the removal of pollutants by means of a nano-
structured composite material based on compositions of manganese and
cerium as defined in claims 1-20, comprising a two-stage treatment
wherein the composite material has the dual role of adsorbing filter and
oxidation catalyst, and operates in a combined and alternating manner.

31) Process for the removal of pollutants according to claim 30,
characterised in that said two-stage treatment provides for, in sequence:

- a first step' in which the polluting molecules which are present in
waters or gas streams are retained/removed at low temperature (<60°C)
on filters of said composite material until their saturation, and

- a second step of oxidation of the pollutants adsorbed onto said
composite material, operated with pre-heated air, for the regeneration of
the filter.



