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BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1. Schematic showing the process of the present invention in the

preparation of nanoparticles catalyst.

[0013] Figure 2 shows transmission electron microscopy (TEM) images of Au colloidal
particles and a supported Au catalyst (Au/TiO,). The Au particles are well controlled in the
range of 3-5 nm. (A) Au colloids in solution, and (B) Au particles supported on TiO,.
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[0021] Figure 10 shows TEM images of the 5%Aw/Fe,Os catalyst used in Figure 9. Black

dots are Au particles.

DETAILED DESCRIPTION OF THE INVENTION
[0022] The present invention provides a novel method for preparing a metal nanoparticle
catalyst that has well-controlled particle sizes/distribution, good stability and high catalytic
activity and selectivity for reactions including, but not limited to, CO oxidation, water gas
shift reaction, decomposition of NOx (wherein x is an integer from 1 to 2), Fischer Tropsh

(F-T) synethsis, among many other reactions.
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stability and high catalytic activity and selectivity
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cal cinations. A CATALYTI C NANOPARTI CLES [0027] In one
aspect CATRLETEE MANORABIICHASpr ovi des a catal yst for
conversion of carbon

[0027] In one aspect, the present invention provides a catalyst for conversion of carbon

monoxide (CO). The catalyst is composed of a plurality of nanoparticles with dimensions
ranging from about 2 nm to about 5 nm, preferably from 3-5 nm, a solid support and a
capping agent. The metal particles and the capping agent are disposed onto the solid support.

The capping agent can deposit on the surface of the nanoparticles and on the solid support.

[0028] In a preferred embodiment, the metal particles are noble metal particles. In an

alternative embodiment, non-noble metals can be provided on the support. In yet another
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support and a cappi nhg agent. The netal particles and
the cappi ng agent are disposed onto the solid support.
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3 HeRPRAFICES D 2 gabloldshnasepaicieh a{? 9%511&@1?03}%3% gengpgiticles can be

Wi drdss QT 8 hdiklcd Mlcu%ra?%@éé?& RhaRpht@itles ish@Sas@@ierd thifhers,

be prepared and used in resent invention. [0031]
| teeaparseretharpegipeas In origin %tnavvmhome@és thg Anysgtion provides use

r a519Qi ?%B&%‘ﬁ&e@é%%?ﬂg&% SRS sSE GPhiRDHeP Exln%d;fﬁlents can use

nanopar Ul cles nbodi nent s, nanopart I cles can
behomogenous populations of nanoparticle aggregates. In certain aspects, aggregates

containing a selected number of nanoparticles (dimers, trimers, and the like) can be enriched

or purified by known techniques, such as ultracentrifugation in sucrose gradient solutions.

[0032] Methods of cross-linking nanoparticles are known in the art (See, Feldheim,

"Assembly of metal nanoparticle arrays using molecular bridges," The Electrochemical



cross-linked to produce particul ar aggregates of
nanoparticles, such as diners, triners, tetraners or

wo@ehensmeyr egates. In certain alternative enmboRPCTEGL6/000346
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the invention provides use of heterogeneous m xtures
of aggregates of different size, while other

emi3ee etimiteiFace AUINUS 1 NPSTRISRPHS RO PN '119%095 methods herein,

napoparticl e aggregat es. I n certaln aspect
agFeansy ge EQWWSQVI%IM aothpaunds éaparmg terminal thiol o sulthydryl

NapRRAAY drk 6ls& Bndvili g’i"@fgﬁ%m EMTz/nﬁl soﬁﬁ A b 0@ mehek ea)shngieslna(er compound

enriched or purif ni ques,
ul eanchecderivatizedywith tmohgmw ertotieengs.aip@ntacioh with@okl nanoparticles, the

Lgﬁl\’i’lﬂ?e]r Rk E%g? ]::l(,g S tha Ele %E 'g“?n %a?e%%g?@r L effs thﬁé{ﬂgqr In other

n amb@r@crtt.‘s dinkers with thres, fiyr oolneeUhial grbdipsti@lﬁbe used Esimultaneously

T R AT AL —

Rehniter Oompcmﬁdsgﬁb\d:nﬁ&'ﬂﬁﬁﬁbﬁ bEM@IEpMIctdis-lihikead nﬁ%@x@ﬂdﬁ ecipitation.
bearing termnal thiol or sulfhydryl groups are al

kn
¥ ﬁ';?g?]( ChaBar R bl the pRes SRR ARG MSiRied B 5‘433’%“”“1” shapes.
at SBBble Sb@mg ‘n"l‘!é@f?gﬂ’édt Fhﬂvﬁd,mqmlagmshhpﬁéndmh t]incsbms embodiments,

tsgngg kdaetﬁgg él%{%ﬁ P@?Q@ﬁ&{s ﬁe{pﬁs g llqﬁx{?g sﬁh%%‘éal 2‘}“%‘@?1 cylindrical, oval,

arpnek pitnemettipal ng}ygonni tunsyimescal palyigonal, amﬁ)clsthertrbglﬁér or irregular

%ﬂl’gé}ﬁla ﬂ%l psgac'pt%lg Cﬁ’ r%ftglu latatﬁ 32 us[ﬁ%(b% g l%lf(ﬁlge ag]éargtflesaqf different

ex&bem &f oneanefpraedt éndodiindng thd mitalrpaiafes GevedphdcaVdapes.
formation of multiple cross-1links and nanoparticle

priea34)i tEieintstal phitidR3tanHeaffiidad the dhfpottlif §nyqfeasbﬂ§ole manner, such as
p{f}g egt i.nve t|o are not limted to anﬁ particul ar
’g’é to digisprigpeQ Qﬁéb@%’r‘% Praligmativedy pprsinlly embrddediwithin the support
i rdr%@ﬂiﬂ 3 biye phRBRSEENS rtheq%‘tlfbles aft SRIRIRAG {Hé'gﬁJgJortt 1 in another
me rticles can adopt various shapes I ncl
rﬂﬁ‘gﬂo g%ﬂ““ he pitielss are gmbeddad belaw thegmefhce. di anmond,
symretri cal polygonal unsymet ri cal pol ygonal, and

othher SYFRORTSr irregul ar three-di mensi onal shapes.
The nmetal particles can also be a m xture of particles

of[0QRS] f dn eertausatsgepm the Iplt’es&ﬁ’t&n\&hﬁélﬁﬁrbﬁde rf@f‘%he 8 particles.
m%%e%lr articles ha g spher i cal cglg leThe
praflabl SirBet SaMls 0% PP apPRE elsdpsiAe dlsperiop for the
r @aﬂmm baluﬂiemsétn @reﬁe&@@h?ﬁ%ulf}foﬁl 1%&5%1% gll tlhé"ﬁcasl ‘éﬁ‘frlﬁﬁlgneﬂt where the
uppor ernative ar
tﬁfﬁfﬁtp ? H’ebeéﬁ?f{)(ﬁie spprogidiap a st%/r cg Alsa @%@écrﬁgﬁy suffipient to provide
palisbbr@ioﬁ Sf fhE theiTBAEEISH MbVrdVeh) a'égiﬁ)g?tgﬂe rr[;éraaé g%rb{l ty, provides more

anof her enbodi ment the particle
t rEnals ontast beB"’eeBLIJFﬂD@‘@FSnﬂ ou@Blic mateddr ﬂra%mtamsqsmctssa separate phase

t BppRFeSRRY id Y &@Eén@ﬁv@ﬁt%ﬁ' HESnR Me%ﬁgts tg? separatenehase support is

particles. Generally, ‘any support capa
s @ Splst SUPPRyt. akhe SBk‘bSMPﬁOIﬁ ysedde the pteserd iirseatiani can bé siticd Feds, derivatized

PRLhChI b {3 t he. support i.s

?ab ellﬁﬁ %iﬁsg oc’;ﬁ%ﬁe %S@%%n ml?aege‘!%gagmer resins, a zeolite, a
carbon, an inorganic oxide, an inorganic hydroxide, a mixed i inorganic hydroxides or mixed
inorganic oxides.

[0036] In some embodiments, the support comprises one or more inorganic oxides or

inorganic hydroxides. The inorganic oxides preferably include metal oxides. The inorganic



catalyst is to be used. The support has a surface area
and/ or porosity sufficient to provide dispersion of
wo b@7oeteed particles. However, a support wth PCS@E®&N00346

porosity provides nore intimte contact between

reactants and catalytic material. In certain aspects,

ap &l SRRRE HyroM BRI ThembIPoNME S P ietal hydroxides b
?/Cgﬁ)? r‘}ﬁ i?ggglgrrlré od|H|¥E0 he separate phasey roRices fave

s upmrmore slemestiselected fipo ngtoup?ﬁ@ grovp il 4 mstatsp preferapbe fomgluminum,
Zg&} g Htuﬁl:g Pn\é%]né Sﬁgln 1u91e nﬁk% '&%alg‘?\lx arﬁi.?% agﬂmz & conium,

alnum Aie, g&Ipss arndcvhry: rath wlemenms Inang embodurae;ntahc; mom@nlc oxidle or

i nor gani.c ,oxi i nor gani c

5 | e e aher s AP oriRSre Bt PE it MR eingyed from the
| Brou@¥Bnsiag df Alemirfim, siticors sgpdinin, mahpr, tis aslrmmamomcm;o@balt
i norgani c oxjdes, or inqrganic h dro i des.

i ANGESFe BRIV SIFANEING AR A1G: AAUIPGE ﬁ%ngﬁfﬂbaF‘B%’ES Alfgnatively,
| Y QFHER )é%@@pchﬁﬁorﬁﬁte fefagtably okine, viikeh AR ilude components of

hydr oxi de. The netal oxides or net "al taiidroxci des have
0 n@emdm@d@l wigh At wicseorystalling of penecys@line and/or IHAHIRudYy
10 m%éﬁhoc‘nenﬁ ro?E@lgﬁ?Lt)ﬂhBé Qﬁﬂeﬁlﬂk‘ M A HRieweld | het e ad8iGioN B tMBifier elements

omum nickel, cobalt, manganese,
t itd theimeta! tqumaﬂowmrease@ the syifage roughpse pf e fnejah partiglsy. ¢ fince

I t
" el M GRESIRE Ben ahdlia b HeRBE R riRe S, the
e Imjmédsnoughessfprawéessfeﬂ mh@&sﬁ iroihe toted sepfase pres ofi thie gneitad grarticles.
glchpg étijc%aé%rt?aée eﬁg'%ggwaess u reAsQ ﬂ'l tﬂg}luﬂ'li)é} ‘of %va gftéémThe

anrum zirconi um I ron,
15 ZiaBditio 6Ppedifiedslenidisto etdlic gildecmM& rediice the rffeetvé pgaﬁomng
the support is a nulti-conmponent, netastable oxide,

V"‘”[D(ﬁﬁ 1 C3R oh\GhBHABN &R GP@B &dtad oflie supberk, MRKudpert ihblih&és. an oxide of
such as m crocryst aI line or nanocr(%/ al l.ine and %n

i ridaniere Borisseneels. Be syppPy scldesan X.*f{? QhifoRy A Rice of perfn, or an
b%xiq%\()? glr‘%(;ﬂﬁﬁn t A&nBEE dnitRBintht, MRGupp R 1n@hw§‘éﬂle§st bfe 6ﬂ@e selected

ormalloy increases the surface roughness o
t rfenm’éate aKidpneilias Ye&e, Bsj ¢id¥d. dp ppd@red asRpsh desuprorg lﬁ%lu‘ies silica or
20t %urface area divided by the geonetric surface
rea he i ncreased roughness provides for an increase

| Hgé@ist ot ?ﬁf ?rg%og%'g?enésa %R rlfes(fé{s]lg}/&rx‘? B@lthéJéaa'EJlﬂls‘f 58S oldT opamcle

a pr or an i nerease
n WEbeited®bn aadetaV oxide. tE?aampTds of adthl oxides uedd innslaki datadyst of the present

el.enments, to alllc d can S e e
o ORED RS Bbtes Fith o E0m 7RDa Ao e MED: Sapapho. 10,
OXY )0, Shie rélamt oxxgangmz;HfmﬁVMesrmnmm dwo@anoz, Fe;03, CoO,
titanium I n ot her aspect Q
25 0N CHP, 70O dQ B0 % "‘%,Qér f‘e;ﬁ’ﬁ el ashb%gPﬁé%g% 3, Bi2Os, zeolite,
zgngq;gm&q I n anot her embodi ment, the support includes
| east one oxi de sel ect ed fromthe oxi des of La, Y,

Cﬁ[g?ﬁ 5 185 PN errdd bxdieRlx Eﬁo‘f‘tr iR LufRR&Siprided §n SXBPOF dluminum, titanium,

s siffi1ca or alu
iron, silicon or cerium and at least one other element, Preferred elements include aluminum,

silicon, scandium, indium, tin, chromium, nickel, cobalt, manganese, titanium, zirconium,

30 iron, zinc, copper and rare earth elements.

[0040] In another embodiment, the support of the present invention can be a polymer

support. A polymer support can be cross-linked polymer resin beads or non cross-linked



[0038] In other enbodi nents of the present invention,
the catalyst is a gold nanoparticle deposited on a

woreaoalswrd de. Exanpl es of metal oxi des used i nP€TI8G2006/000346
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catal yst of the present invention include, but not
limted to, Ce2, ZnO La203, M2Cs, MO, CaO, BaO

Sy o e i i LR i v

B2@B, funklio@d gro@chh@uQ@@ polpinzOer Sfuaptionglied poBRERA preferred
o)ﬁlilp%ft & g lﬁa%e tr%gg vet ﬂgct %1&1?6 r‘n%g B3 ?ﬂtelja&m%xvﬁgaetilg Heﬁﬁj particles and

alcapjimglﬂgent! | Tleese ﬁnmtmrrabgrpu;sl ihdladenbw motlémitednio Aydrastyl, carboxyl,

| east enent, Preferred el enents .include, .
o, 1507 450 IO LTS A i b PO B QR soeyenate,
n's@l'&ﬁxb,, su[f&kh@é tulformagRNasfxidb, dnd tielike. Ekarnsled efPolyinied Fesin include,
zi nc, per and are earb, nts. [0Q40

RO\ Ot IS BRI STeRE 19 aw!ﬂ: S 68 e with polyethylene

| R bcﬁ?dl&@m?/pé‘crﬂaﬂﬂe)f%{ ardURPO@el . A pol ymer support
can be cross-linked pol ymer resin beads or non

I I .
J@ﬁﬁ[: irEJéa% ggﬁ*&%ﬁbﬁdlm-gﬁgd{ Sﬁ}g%rtkb?gg égsr 6&‘%82 r;/ can be a zeolite. A
wizedlité mncbblawmlécugar empeswah vaohe SllA ativre Hyetnples of grolites include, but
functi ef ernred r

55} B0 BB B PACE RS KPR 0B, lciher e
t higenetal particles and cappi ng agents. These

runctional groups include, but not Iimted to,

hygu4xy n y& ﬁﬁ&ﬁéﬂéﬁnbo&?ﬂeﬂ@ thetstppit, of @ledaventien cd&h&ieQigﬁFbon material.

nitro, cyano, car onate car &
i Stghinerrlon @%maéfn@clu% Mb%%ﬁné mgf&ﬁ fo ﬁ%lﬁrpgeus carbon or crystalline
SWhfhox icli®on AREHHILRE cbinhﬁrcu@é@ma{e@ SarBhn, RAA eBike €SI N

i nclude, but are not limted to, pol ystyrene

qu) yanbg(i, FﬁgﬂxéWne resin grafted with polyethylene

ycol , acrylan1de resin and the |ike.

n et ano e the s ort .
pﬁﬁ%éit ot Bin Bt Bie FEBSSOEER prestel TS hYulp dfing agent n
mbﬁtﬁéﬂv@m {hd ©MBpariiélbs. aothetisp&itd, e capiingagentsreagepesited bn the solid
zeolites |ncludeSITgt are not

& FiRRoria Rappiig Sdsals il CaRpRidy havieg@e ebbtal SRR O vhere X is
t rhﬁ atok&-ful BB Jordup ciFHblAITRINART 16 tHRQUHTHGRIVE Ihetdaﬁopartlcles andRisa
upport of the invention can be a carbon mate

SRl it I GedrTEs PRIER 1Srm i ST P Aseasiats the

t Qap oBRGHE BE BQ%aﬁEIGQ rich &drb&Rns @e[nhﬁéludé’«‘ ﬁfnﬂp Bovalent dipolar,
nanot ubes, commerci al activated carbo and t he

C. datyspmyasiapataeNTV iodra Y alls nteragtioss- nE@bé%&IPBP IStmftependenﬂy selected
ft
age%i ¥k beR an abg g%@ﬁﬁglﬁg bR | QY zo%waq%mm%ae LIRYL group

i n cont nanoparticles. In ot
adwpeiog betwednel aaisid qatpoagtamss Aéﬁemau\eqb)o ghet R groyp cmhbe oot af @ polymer

structure (e.g., co-polymer, dendrimer, and the like). Examples of polymers include, but are

not limited to, polyamino acids, polypeptides, polyolefins (e.g. polyethylene, polypropylene),
polyester, polycarbonate, polyacrylate, copolymers and branched structures thereof, wherein
the repeating units of the polymers are optionally substituted with from 1-3 functional groups
selected from hydroxyl, amino, alkylamino, dialkylamino, thiol, alkylthiol, halo, amido,
carbamoyl, alkoxy, -CN, carboxyl, alkylcarboxyl, arylcarboxyl, sulfonyl, sulfonylamido,
alkylsulfonyl, arylsulfonyl, alky!l and aryl, wherein the alkyl and aryl are further optionally



support. Capping agents include conpounds having the
general formula (R n-X, where X is an atom or

wo eovevseeml group capabl e of binding to the suPEES€2006/000346

10

15

20

25

30

t he nanoparticles and R is a nol ecul ar structural
motiff. The term"binding" refers to an interaction

t hipktidRd ?ﬁt{h@o@rﬁl B HndtidRa! P@&%@ted\ﬂoﬁhfdrt&yl amino, alkylamino,

nanopar t inte i ons can_include, ionic;
c diakkiylamino, t:lncpidtaéa, arrui@q, pwbamwmbop% casponyhllerigerboxyl and

VAl et R GRAAIRN e ﬁgﬁ&rtﬁtag«ggm&cgl&tp wgagﬂte%gga%%%% 1,000, The alkyl
agnbuﬁ Garcdmvd Himctidrahgroops atachet Itcyihe chngrowlmn Vnguméle\aéce'hclmms The
0 grgf grgPﬁ: gangﬁ]"%/ﬁ@?tmé’ﬂ gg%q‘j;ru tlée g &{r‘ﬁéncngnalllqgl%ruﬁéj&tﬁlﬁ'?he Sfomatic
deifglsysterr. , The fehctibsal Igtdops mcﬁuezrmt &Sn@tﬂmp’ceﬂycrmnﬁtrogen atom, an
i ncl ude, but e noté*l te F@é‘ﬁ ¢ dts, d
BFYER Boma 1R B10f p hoRhoraS o e SiTonse; an amide,an

PRIYRY, APMhi8H Sh ani?ed, %€ 8lc6ol, AIGAMKIL, B eidkies, a phosphate, an alkyne, an
pol yacryl at e, cop ol yImer.s and br anched structures

t HéPe 6flltr0mh@|e@ﬁl?f°t %@%@%’aﬁ hafileymiilyl 26propmaylng PYARRr Y 2 quaternary
aﬁﬁnﬁﬁﬁl&ﬁ%}@d& W §2Hp&tdnta%5n¢ Q\at’\i'n&lhdécs,r AMNiskoflimiteE 10, RMdken, carbon,

groups ed from hydrox am no, al kyl am no,
d pwgcy,l saifimand phiespiiorusg Nty %;YQ&Y X ogalbe a fupetienal group, such as a leaving
I
a?f: @ %mcl ’eg( %ﬁ?’ o ﬁy’mtecdetp,f onyq Igtlggé’éuﬂ% ;&‘é a]gné%ey fan alkene, an
aatylirstmlf azbumjabl,, a hydayXylamtincaﬂxyt, 2 phmhﬁc, ranta}ka!nalan ythen gtja quaternary
are furt e fi
bRl i 1550 DORLIRYSUR! UM Syt s ool
ahbkytheaalinmes, dhielk Ieylimﬂn«mthdrd; phldsphthasl, aminesyianhdes, carboxylates,
carhanoyl , al kox , car boxyl | kyl carbaxyl an .
arﬂg)? B st eain e Sdrecassryies o Dk A9 sy idiveine @B or
thtergé'r? 3B loniulPEbmipod R, anthEpol) ke |s§>(&[e@ WRrdon have
funct| ona gr oups attached to the al group or
I r
f u 104 #F ol %m%re&%)p digl{l} tnéli‘-: c%%?@%g%t fc% gét‘{#xoag&pog ‘;’%lgohols that can be
vvnut;ddl imcltdeen-alcolmdg haymg hegimysltt@a@ cdfbmn atqmtAmcvaamp@r afispeh an n-

?&%ﬂ Itgﬁl‘fffﬂ grl hFliJern'lbot ngs Sﬁgélpbrpgo%g 1% nggﬁken%n Alkenes that
c aﬁrﬂ@mbcameludaalﬁhd-éleﬁmmvmg rbetam:xd 1o Hrcatoki@tveys, anolefins with

TRty P e R, B en.

a ctﬁmfgfdgem @an Be ahmhdl d suuaalesmioysl inchadeGEibRMEWME bet&reéryﬁfwzo carbon
or a quaternary roup. n>éh an be an

i APMId &8 expaRle PSUB Hiphi ?élam%a BB eagf’@awms, the capping

O)éyegl%hn teuhhiiino RICL-RNAE BI@HMS acidl TRS idhd Mﬁhé’usea(uﬁ:ﬁfde naturally
be"a functional group, such as a | eaw%%x roup, that

| ReqUEFRIREAMIRY£CIGSOT HER-NRFALY SECUIENS ANiBRR hﬁtﬂ@ln%ﬁmds can be
S Hhtﬁ%ﬂgk%unﬂ% oﬁ%xﬁlls acias) ﬁaa.nlfl ﬁﬁoldsa& aﬂn‘iﬂo;hﬁlds @ﬁthaénﬁ%‘ Qbstituent at

oet her’, osphate
ebther posiiiona Amincdrida n%damludmmo @pids Evar&heé\gee@ﬂ to 30 carbon

a%BRL ?ts A5 é{lg ot‘ 511%{1 ﬁ? EmnBLa&dq (F%lnlo'aﬁi'dt s%gh taé)tysme Other amino

enes, nes
t beidetsatl 85 cappmg pgantsesqlucm'rpmhsa, samed(hsaonma,rttwmphat, @sline,

S s RN s R 5 cpt e

10



g), quaternary anmoni um conpounds, and a pol yner
speci es thereof. [0044] In sone enbodi nents, the

wae appiosigegent can be an al cohol. Al cohol s t haPCT/a6G200€000346
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used include, n-al cohols having between 1to 20 carbon
atons. An exanple of such an nal cohol is 1-octanol. In

Ft qqﬁﬂg gments, the capping agent can be an al kene.
enes that can be used include al pha-ol efins havi ng

b
o FUOUSEN THE fredete SOGRAN 2R BAFR1do0h it it rbihyotion of » highly
1 dmpéremﬂe:atalyst e tniiodéndhadds reanting 2 xhaa]qnqzqni‘sogwﬁky emeduciag agent in
\%éegsgrlm%l of 8 %%{?Eq?gga{gglg;ypg)?yé%sonﬁﬁtm elrgacg fnl;] %Y)ltﬁ&g to generate the
t Rl parﬁclls,fahdl @@@Elfbiﬁg)ihe nleml particles J(Sjk&di a ecb‘l‘mleﬂFpmn ?’Ehe chialyst
cappi ng. ag an be an a cid or a salt of amino
age@rat%@ngﬁﬂfgxeﬁgqugteg §'é‘g%"?rfﬂ,eau de naturally occ u r ring
am no acids or non-naturally occurring am no_ acid
TIHEMél‘n Nenenartitles samborrenmaed ising the etbedsideprsibed ‘afffPlHo The reactants
E&iﬁmt Bs 2.8 eﬁ’\? | offr tlﬂ:rBr a@i%h G§th\é"c£t|91y Miéhe embodiment,
stituent at ofher positi . Am no acids used can
i amhmien/anultr@soand tsipplzedite the meqcmemlmr@ durde thayegusiion period.
X
o g (i, SRR B of hioathila BIh A Rkl by Bk e @BabPutage of the
c mpimgpra%mt”ﬂlel mhllpmursplr, ohpipire, ag&ﬁlahchzeductihg agoni ¢ap be soluble,

t %gﬁg%hoﬁ ggma@)f ﬁ)? ’lehlgt e}grlfe%c{t%ﬁfr}eg%ay x'hgne teﬂgnh Fi‘n em{.a eite“%tecursor

fp[x@%éit afenfisspived iy solvexigo foreia shsionp ondmterg agent is added
nmet hod e preparatign of a IS ersed

c& @ngptwwg SprUEAHIoa 1 apeh %f’dfegherrs%@wéaﬁ Kfpre. In another
PERGdifRAt, e kbt pfeea@@rl i9§h e Bt paitiullly REluble esme G@v@ft the capping
cappi ng agent ; @¥$ﬁéason|cat|on to.th

ac
magqqg psd)a(t@llgéﬂgblgp dﬁgp&pgeﬁy‘spp@a]&so %medm ¢ solvent The

E Qe8] éaﬂ%etcbl‘?ie&'ﬁﬁt%lt a %p%faﬁ]r@froﬁ'%@ut%?@ fo@b&u FSBOCt Preferably, the
e cataly generated can be further separated and

pEgachoreig cax[ne@m@]at g ismbient terpergiuest! abent gPelp it 8 Cusi ng

t he met hods described herein. The reactants need not

bQO(Bld]i edhe natdmgl can bieisoléted thrémghfilegian 4¢.¢.0wingfa nphaporous membrane),
C at ﬁ.‘getéodl Pltraﬁ%rl r%a?g &Epltaﬁgrpu{)rgﬁ%ts?w 'ﬁlrli #é)t lrel%ﬁ%érh@arly all

r ea;wmi mole@edsilikd salNiohe mnﬁnltanxg Ieycessﬁxnctmaalnmg a:gent and most of the

ST AR LI o 3 AR o

C afiufifie@ BE Fimo g shRéiasiRg pagielss awist lhgexfa@gﬂdﬁdt&, Wthh may be
i nsol ubl e ar partl?lly soluble i Fthe reaction b
| BrFRS durrisoEPHEtRS; Imsomsiatanges Pl Pé‘i‘?&’“&"eéﬁ’ﬁiﬁp 10 be

ag&idsoRELintppRpHME Qowansalﬁ@beémy stushokted By altre@niéldedVatioh The
reduci ng agent "is added to the solution and sonication

i satalyplderge mlqnhléy pusifigl by wgstirmwith a solxsnk: Ipqoe eppodiment, washing
af&m@ &'ﬂ’@ fmmérm ﬂa%emy%ﬁﬁéarcaﬁryst ) ascemmoeslpfnovmg

partla In tne solvént, the cappin
stream of water Wthh leaches out the undesirable salts and other 1mpur1t1es that may reduce

the activity of the catalyst, leaving essentially pure catalyst. The pH, temperature, and
duration of the wash water may influence the physical properties of the catalyst, such as

surface area and pore volume.

11



agent is partially soluble and the reducing agent is

partially soluble in the solvent. The reaction can be
we20riggedut at a tenperature from about -63 PCDSG@DOED00346

85 C. Preferably, the reaction is carried out at the

anbi ent tenperature of about 20 Cto 30 C. [0047] The

gfﬂ%g]y SthC @ eRfused B e n‘gx‘ésernpgn%fgl'an o} l%er Jﬁﬁdrg&vélﬁ 0¥ less polar solvent

a nanoporous ne rane centri ati1on
ubt & mixéure of solngatsi dun ganqmémdmemathem@lam solmnéa qssd inclugtp, byt are not
+ bfBed GOPHES ffPR s et A b B R b iR T,
nﬁ&teﬂ@lsutfbbﬁd@ (DMSOD, dld]immmﬂhdnbytctréﬁdmlﬁahn (ﬂ&ﬁh; eﬂ;ersdle:page,

5 PRl By soababing BRET ohBrstel PRRERE bR R feno

I ameted toa@ﬂfeﬁ&%ﬁﬁene \ﬁdatrﬁlburﬂaﬁiexb pemmﬁsmane@ afd Eywloalkanes. The
|npur|t|es In sone |nstances pe reclp tates

i R oo T S L P40 SOt sSBFErEE Cgrpple, 2

ﬁé%ﬁf yolve?ﬁf’so RRhiSd nQXtufé' of Eﬁ&%ﬂﬂd&hﬁ)ﬁrhéﬂ@énb QBkuerddid chloromethane
cata st can be optionally purified by wa

s btxmﬁdlchlpwmﬂ@n@rﬂﬂﬁddlﬁﬁmometha% TR/ 2d¢oholy EHF/fgluene THP/hexane,
10 2G6PAPlikS Q&P‘?é@&’sea RE Plebidht il tidRMrHodt OF HEE i CRE ﬁllt%ﬁ khdW of other

a conti nuo y novi ng stream of water which | eaches
omlvetrhwsmrwsgltal&ebtoelssmth%lnamom her inpurities that

may reduce the activity of the catalyst, |eaving

e$00d9f | Thd Yimersiensaefttlad nasadpartiches cm-be ¢oatrpbafdd1yu3®tioa pehditions, the

oFtspiecEe vt i Aty OF ettt S Fadud® PRk RRhea o

P@éifroY e YaRicleQBAZhn THoRids dbrexahple sthel tepetahiee, m&s&&atmetal precursor
i nvention can be polar solyent or |ess ﬁgl ar s,

15, oOeHTIROBPEIRE S GG i LT BB HEFRPoR e ) Sgpping agent

S @J)ﬂiﬁ&ﬁﬁmu $:£6he dnfodent, RHder arc&'taﬂﬁ)ieabtidﬂﬂ térffbritOre, A kige of the
al co such as met hanol and et hano

d nPROPRIICIE® panehi cggtrqlmﬁzy alt@;qgél@q,@lpgm&a&gua@f(%@mg agent used.
d Lﬁ%}ngﬁ\%rl? tﬂfkgs'%’ antl SistATINGH OfiHE Ahopattitlds caBbB €6ntro_lllre]d by altering a

di oxane, hl oroform and conbi nati ons t her eof
| esrsbxpaﬁoarofsmdmns and rpagentsiiseds da ong embegimenighe ratigiof g capping

20 g%entt Q IH&ngJrCy gﬁag %lnagoutrielt rI[?Jh glﬂf@v & RBf the u'%yn%@%ent can aid in

hexXanes an anes sol vent s can al so
beontroiltngrthesdlmensimfrﬂmfpm nefiopditictes be inhitjia/grawth offths

Zl)r(lgrbr%%‘% f:lg Xt ur g%éen? %a%/ gllrs]‘,{ij érﬁ\e' g?%ﬁtﬁ%rdgﬁ%hﬁg)ﬁreo? 1 nanoparticles

hevham al;ﬁsddh:b Matnnmrdygmeandﬁﬂiéf clienidabcantamihative,
THF/ al cohol , THF/t ol uene, THF/ hexane, and the |i ke,

C%DtSEF [&ﬁf&!ﬂtainrhsf)é%@ ﬂi’e%}?ﬁﬁﬁghdgﬁmfbﬁl? infgract With aien«dl psécufsbr ot a metal
in the art will know of other solvent s
25 ¢ guisle dpring METHRR ORI M9 s FRLIB S e e pticle

NARE Papie Gl cardPoriR:0bAR Qb R DaRikle s8] @btick through weak
condi tions, the capping agent used_and the duration of

t Hteraesiong aughoas hydieaen @awémg@ﬁ Vaw deri Walkigterpstiopst dhe capping agents
C %5}{ }%@Slcﬁlnﬁabg%ttb ﬁleiaﬁicfe%uff&% krF&Ae%odﬁ&ht @AY S ithe particle

nperature ssure, netal precursor
surfaces can occur through a combination of organic ligands and inorganic small molecules.
30  Functional groups of the capping agents, such as nitrogen, oxygen or sulfur can bond to the
surface in some instances, Additionally, the capping agent can assist in solubilizing the metal

precursor. Alternatively, two or more kinds of capping agents can be added to the reaction
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concentration, capping agent concentration, solvent,
precursor conposition and cappi ng agent conposition.

wo poogisseedbodi nent, under a certain reaction PCT/SG2006/000346
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tenperature, the size of the nanoparticles can be

controlled by altering the type and anount of the

C 3RRULRY IREGRHmYdaRknt, Al hiRfuRAd fin¥edd] YrechiBts Hlad De @Bk to the reactor for
distribution of the nanoparticles can be controlled by
alpedieledgymatietbnbi nati on of conditions and reagents

used. In one enbodinent, the ratio of the capping

adenst] t n aethet empbelimergoranomrtitesean be formed by keating & wetabiprecursor in

B SRR RSP R e OB B e

gvaulh dfat 4 fressornpeadtthal leam if b esactinpiessgl. dfeating nfithe metal

BB ey G el A ER SR oGl RGN ORAR b hiRacs o he
C ghhARbet dafbartl R3S Ghe hﬁc&@drtcaﬂ flegedslp @Gbh 4 i€ radipflin@hanism, or
agent can_interact with a metal precursor %{ ?,netal

paireen demadedhong hermakisisorn ghe PpRodRERb gdice redicel niator can be added
A5 1hg treaktforS AN HRIF A ERNG &RV Re®@in subifinB@Adel & EmetdNG ganic
cappi ng agent can bond covalently to the particle

sephpewd. or stick through weak interactions, such as

hydr ogen bondi ng or Van der Walls interactions. The

c 4p)52h g Tag eetabpreaursqr iy iefeedblyya mégslmompoend; whichdns & cingral main
surface. l.n qne enbodi nent,, ¢ i f Lt gl:e.

S e Bt W e woAERbASs ot Byt 1 Blifling aom e,
| iNy @) @or Shtthat i8 o tgan ischondad tb ondbdranerk etems Bu At bigemalkadical. Examples

gr s of the capping agents uch, as , nitr. n n
OBl oA B R RS T TN D RO e B8z, e,
A@FIJ rg@,?m!muym,amecam}; I0dgA BB Ce,cwfgdms&j Rd, Cisnllr, Ptand Au. Such
solubilizing the netal  ,precursor, ternatively, t

0CORBPWR FARdECTEde fe%t%'rﬂ"n‘f%’ %@@@%ﬁ Prtikelonates. sebbopiylftes, onalates
I @ffatds RSPty HF@s, thid]AES aBTies ditiRE ! carbdndttss byneted)fsulfés Fluorides,

precursors nmay be added to the reactor for particle
f Gromeidesophlofdspuifide and hvsiraies theraefo dhpristal PRRGIER LR Alsp Bgan

c %Pgagﬁngt%i%gn@ﬁnh,e\@ﬁérag aedtRl AbtalPlt6iA W Sdbed 1 dnB®r more carbon
presence of a capping agent. The netal precursor and _

c apyisrg am geganic Wb En orerdbedimenty teuata! etomstingugs theniwp gruthenium,
areat : L0t : ‘ . fo

PR 1Rk L0 ] G SBHER s SRl Blrarn
ofmetde netal precursor, which in turn leads to the

formati on of nanoparticles. The precursor can degrade

t Hoas3ph Adtefnathecly, aldh methl preciv@ncsirbe aebmpburcldavite gieafdemula LM X,
t hr.ough, sis..J.n one enbodi nent,. a free.radi cal
T b S MG SEi S e R Rt e ing RUAS A pifonat, o
My tette GBS, drrﬂé?tﬂ[ S;Oagg jsﬁcgrbﬁdd ihtegdrflﬁ&ﬁs th § sachmstlal, 3,4, 5, 6,7 and
organi ¢ conpaqund. met al precursor. i
priefldf di5fa) e h?ét%?upc%wp%w,% e 48 7,_a§, Dl i3 jor 123 dfement or
OTcBBinatidd BB HikeRR: clbA&Ht) AlalPles OF thd Gletal hidfh IABLA, bal Dot limited
or atons bonded to a brlngQ? aton1ﬂf.ﬂ.,

to, B, Mg, Al, Si, Ti, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Ru, Rh, Pd, Cu, Zn, Cd, Ag, Sn,

Ce, Hf, Ta, W, Re, Os, Ir, Pt and Au. In one embodiment, the metal atoms include rhenium,

ruthenium, rhodium, palladium, silver, osmium, iridium, platinum, gold or combinations of

different metals.
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NO Por S that is in turn, is bonded to one or nore
atons or an organic radical. Exanples of the netal

w@e@mosieed ude, but are not limted to, B, My, PECBSG006/000346
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Ti5 Fe, Co, N, Cu, Zn, Ge5 Zr, Nb, My, Ru, Rh Pd5 Cu,

Zn, Cd5Ag5 Sn, Ce, Hf, Ta, W Re, GCs, Ir, Pt and Au.

S 0 ' I j

oGBS QTR oA A A Rl fven L By o gropared o
C infixegtn®s3] (nedradmeltaliity) iprkesssots i, altermaivelyafivniesnixivire ofingd metal

Cﬂ]r bonat,[eﬁ”b I%}%}/anatses, sul fates, fluorides, brom des,
c oBor e BIF 9 and hydr at es t hereof. The net al
precur sor can al so, be ?n o‘tr??rgnorret ic co

|| N
RS o The e multmistadle meishP SRS A VOIS GH By in

C ﬁéﬁﬁ?ﬁhg%r%oﬂhe_@l’égféwi &5 6 RPstoiboMaey. SdIR8intBllic precursors,
the Tetal atons i nc¢lude rhenium ruthenium rhodi um

pan thewtherhansl ¢apaffer epspss doneial sygiemswheseingltmetalpypenrsprs have
cqubinal : b fif: . [0053]

AIG’E%P 12%:147 é\?)gfo 11%,9%(13&1&5{02:3&8@%3&@.” can be a conpound

LA, 708 RS ot e RO B o
C @5 0 BAhlStic Rydiddenaion sgstera osanbal/aid redudtioanybstan. dthe metal hydride
selected integers, from1l.to Suc .1, 2,

o redicigh geonts indlatenutare Rk fingied ! ivgiRod sy i i KB, ZobH,
( Nﬁ%_ﬁ‘[;@}tﬂ_aﬁd BMﬁPZ%BI?%ahﬁnimstﬁ ,an-ﬁn é)c{mplﬁ)lEc)l(s‘é mlmam Iith?rn; ?]luminum

conbi nations of different el enents. 0 e

by diideand A Y ERias: bpigne spreplese: Sl sl pa digethygming poranc.
S'Oatail(gtjic hg@rogé;ﬁé&ll @@éﬂ&ch@@; bufhoet 1INGRYRe, HRERROPNEUB/FEUH,/Pd-
Zn, . Ag, Sn, Ce, Hf, Ta V%hRe Gs, Ir, Pt _and Au.

| watbons FofiestiarRh cpmpleraachtl/Rh-6arkon. nbheuerial (arishicdgtion systems

I yinfm! nldPhth é@to%bh@g'ZﬁMOﬁb byEEnCLP801, UM

irirdium platinum gold or conbinations of different

. [Q054]... | C : ' :
oftBaR: TREg o hE RRARG on B horBRl o i B0 e formation of
( et ddypersivat &h Hiseeysiprselasidsoctemica)/plgisicel fores appligd by the dispersant and
m xture of si.ngle.netal (hgno-netallic ursors. .
T obstioiandl T O MR feSrased be et FBRE rggrimary
t E@nilaréy, aftfidoRe filslfld fdgem&lﬁjgl Vényder WadBSbrgen and ofheeshortsange
rheol o as as product stoj chionetry. . . .
Slegr T aamEan 1S BAESH ARt PO T eln GERISPI i ntopsify and duration of
OffeBhanfaCRSRs hih1IB tthe ﬂi‘é%érﬁfﬁi siFﬁlﬁ_S@_ﬂ? infhefoclBleProperties of the
precursors have undesirable solubility, vqglati|ity o
c

€ . € , Of
Sispersiopi Megkanicplforsst canrhs apelifdce g PAYAHE PHiwrdp diserpiqg in a solvent.

PrAasaRtivdl \RR_hArMA] fR%ks REciRad M lstrél¥ Wah 6€ appli @ EPRABENg, agitation, jet
gas, a catalytic hydrogenation systemor a netal/acid

r shierse sadlisienandmsomeadonfukingsonination Howing the Gobingtipr ef a powder or

i i tds! i Bre@htb@imeROSFAYHEdeHEnveHER RS ent

@éﬁ&%@mﬁﬁqﬁ%ﬁé&%dsmﬁ%& antr:]u eLi -J- BI% Se’f BH; v al uri nucr%mpon e

ameh bd mixed hp e atirdwr métiaghorsscobiratiomeatin harmining and
sonication/ultrasonication. With stir bar mixing, the suspension of support and solution are

mixed with a stir bar and sonicated/ultrasonicated.

[0058] Nanoparticles can be incorporated into the solid support by various methods, such
as ion exchange, impregnation, or physical admixture. For example, the metal particles can
be dissolved or suspended in a liquid, and the high surface area support can be mixed with the

liquid having the dispersed or suspended metal particles. The dissolved or suspended metal
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hydri de and SnCVpyri di ne; borane conpl exes, such as
B2H and di net hyam ne borane. Catal ytic hydrogenation

WGEymreswed ncl ude, but not limted to, H2/ RaneyP@i/$G2006/000346
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H2/ Pt; H2ZPdcar bon; H2/Lindlar; H ZRh conpl ex and
H2ZRh- carbon. The netal Zacid reduction systems

B%1%€antﬂétad§{r ko & éﬂa&@&f tﬁ@sup%&f'ﬂgabso@%gﬁ%ﬁle‘%ﬁﬁbort The

snd 2/ The qualities o di spersion

g aneéal aarnylemqy@m hyrflepasiedrorie & s Tace pf thp suppert b remenyingsthe liquid,
RE L 7518y on Oyl BREEL PRI ESIISH v opprt e e
otsttstantiadlypemnusl from thesupfiosiiyhsiting themphem awbmp@aw@élgher than

S35 G55 PR B AP R ol o

shkegportr ange el ectromagnetic forces between adjacent
particles. In particular, the intensity and duration

off omf haDéfemtolinted® oﬁﬂ@bﬂe%ﬂt inQeritiog, di>b§§3ﬁ3r§gsdﬂﬁb metal particles onto -
signiticantly influences the propertles of

d .tlwéhé FeRROTt KRt bragrcemaplished hpouish gixipg ths spig %lap%vvtth & solution,

M&5ﬁ¥ BA b eoﬁsoso‘ljdﬁﬁed' Fﬁﬂpﬁd@e ﬁeﬁ%a\‘tﬂé colloids. The mixing can be
ternative mechani cal” forces, such as shear

smﬁré@med @habobbanalppmtut@mpea%urﬁpwwvafa@ temperagies, p6t through reflux.

sty

PRI R O, B G g i

| icapubptionallyl beqﬁltedesi ankinvashrad veﬁlbwmre nt of t he pr esent

i nvention, the conponents can be m xed by a stir bar

M[e060Y The theRADONAE bREen0mvaition offar senérxl ddgariads over the convention

SRS PO BBk TG 1 B S SRR i mehods oftho

Stplrerseljﬁ Hiventich 1598 b hedhedidlyt ReORMGahRess ab@@@%}l deﬁned particle size and
Nanopartl cles can be jncorporated into the sq

dragiony Theerciion carebegEred ogtwih adov extalest Eﬁlgwge The methods of the

Ws&ﬁ Rech@dh proVid® B ¥isdptdnd F61TAtHE HpRoach @r fRoiRMBp&itingMRetal particles
nmetal particles can be dissolved or suspended in a

| iogjypidousspkH supeols. gh surface area support can be nixed

with the liquid having the dispersed or suspended

mE{OQﬂll pdht pekas invEhondilgodvided amse efiibpeatalyad in the selective removal of
art| cle a Isor f f L

PO P SRS LR 8 o, o

paéatctmi @ be aarrial sot 1ba tchepeosurt echge fibm shostusd AT degnde to hisout 150 °C.

R NOR R AV TR R

I il@Hdir@ dfabbd@@ vaUDD taB L SRS Yarl 8 REd dArwrﬁmvt:lyeothamamyst loading may

b Eg‘géxlp ﬁ‘ﬁ S . p ; bﬁ’@nﬁ dﬁﬁeﬁgggﬁ%‘éjgﬁgg g\fre‘%)rgoft 203 is used to
p roRafpAdr e 0D n‘i Q %a@t"aﬂ@%@ hgroBs Sl FAMNTHbBEE 1071/ BIRE Abdut 80 ml/min can

[ 0059] In one enbodi nent of the present inventiagn

depysqd iAnppresm afpedipasy gpll inghe pg p r%aﬁlfiathah%th%rdwaon conditions can
SURBDE lisd@h efFbet %Cé?ﬁiﬁédt %&ﬁ)@rshﬂ of w ding M8 cdth1§st$ O thflpresent

support with a solution, (ﬁgl erab an aqueous
s Ghveniiom in esttaimgpstanses, thed na#nq@a@n indlitds gaguead tel dess thawe 100 ppm.

mI?§ EQ’gunC&Herk?%tanpeS, the CO concentration in air is reduced to less than 50 ppm. In yet
other instances, the CO concentration in air is reduced to less than 10 ppm. In still other

instances, the CO concentration in air is reduced to less than 5 ppm.
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performed at about anbient tenperature or at el evated
tenperatures, e.g., through reflux. After

w0 pongesat i on of the nmetal particles, the nmetBCT/SG2006/000346
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particles solution-solid support m xture can

optionally be filtered and washed with water. [0060]

T ' i FTOI & usHpET 2% AW/TIO
Eﬁ}gﬁ gsa?eos\(}iehrﬁtt %gqﬁ%%{%%clog}ﬁ%ﬂ%t hods as uex \r/rlpF QéAu/ 2

i nat@yatrqnﬂ@ vatiousdloiverates. Qhantitadive gyersiopoé G&Y ie dedoypliphed under a

B Bl R TSGR O G bt

arhtghd;teﬁtlity dmt a penodl'dfendre&xah 23hhauesat beont mpemthre uItJo vlzdrdsasmg of
w.cat | oadi ng. The nethods of the present

i ﬁ?i’é‘(“ lfyo‘ﬁ ’6’\9?1 ‘de a sinple and versatile approach for

facil e depositing netal rticl

S G098 t SRS NS BERE of GOHET B | 68 P iyssst room

u%&n&@a’t&r@ %239@5 a(brﬁﬁ%ﬁtah% {RQersiBh 6ECONEUsENBY Ala ff 116X 1R Brom about

nonoxli d he reaction can be carried out under a
vap métnymm ah@@h&ﬂ ml/wins Sumisinglya theicafaly siatporaintaing petyity at a
[ e -0, h li bl 1
e GIRSLRA t 2108 L AR B RP g, i vy
be>1f ﬁ)@a)xlc[atxﬁl{; f@r@x&@pteaquahmmmemqm df @@ achievedatal fosy rate of about
I about 1 % u %
q? l/ﬁxgxp nbtgF yresentcﬁ 8% Cl/gtzﬂ.]/laebﬁ % aﬂﬁ?.ng\ﬁﬁg%?ig\%fégs%@g of flow rate, only
C am@mmk@t@ @O dxidanioa aemdmvda; osatvedit thik Enpesseat The catalyst system
R ATt O P8 Br b BBt ot Gy e e
t Qm@b&lhﬁen@@xe EhthRysof Gl préent inesitionis pesding bedathigldevieysuch as a
skil] .in the art understands that other reaction
c K fi¥ns can al so be used to effect the efficient
conversion of CO Using the catal ysts of the present

i 0064 | Gigura hillverratesi the femoveliod €6, inprieactan gas 98 d itk g2 catalyst at
%ﬁ%ﬁ)lehﬁeﬁlﬁg'%%d Ftlén‘é 28 SRR AAMPREVit} b (REELAVH is a function of
ot her 1 nstanhces CO concentration in air i1s
r éctopeatueend oy rathaﬁheateaq@pmcan be opmied otrhiare flowetaterrerging from about
t
I]% rﬁ@uﬁ?{]?q%ﬂ{ §(ﬁ%i/l%h 'z&] %#éreeg Sflvaq'gtg E%ét\g%g eag(?trﬁép F@ﬁm%go about 30
alml/mm As dhvedintFigure 38, thhemalﬁst pf)tﬂn: p@mjnvsmgmmh@ts high activity
| lolilgr%)éﬁf x?en@erz'l ure fagngé }Ir{')rln(ljarl?gﬁélr.’ﬁ\a;glrt yabe 08tf HQQC 'At%lcgrteﬂﬁ hB& rate, the
Quedativityadfi theecatzrbysvwnsbemmmﬁlz@wy adjuwng)ﬂip |r¢ashmdtempdnatura For

flow rat rom.15 out 7 [ mn

SORBPTEN 8P ek et 2Py o e eR R e Fpgst from about 20
stegbiolabbyt 0v@r a peri od of nore than 230 hours at room
tenperature No decreasing of reactivity is observed.

A@% $A ﬁldsdréteb%é 8kigfionlde CO%h %tﬁr&'@n&fof@@dt By lof Fe;03
u3| ng 1%u/ Fe 2q 3 catal yst at roomtenperature

( 230t inthephsancaef cpleinagny Beadmen. Sisuedh dlugrmicsthtastizity ef the
935taf stoéﬁef ?atlc*?neftlﬁﬂ %3919,1'&; S a@in’gﬂ; the EQal?Q%'ﬁhe%ﬁes@hj 1H@fe‘ﬂtlon loses

Sur pri si ng e cata ntarns activit
a low temperature activity after calcinations. For example at 20 °C, only 5% of CO is removed

using the catalyst after calcinations. To achieve 45% of CO conversion, the reaction needs to
be carried out at about 120 °C. The results reveal that calcinations decrease the activity of the

catalyst, which is in contrast with the prior art that calcinations actually increase the activity
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tenperature as low as -63 0C. At a tenperature of O

OC, the catalyst has a remarkable activity of CO
w@iodasicen, for exanple, quantitative renoval PET/SRR006/000346

achieved at a flowrate of about 15 m/mn in the

presence of a 1% AuZFe20 catal yst. Wth the increasing

OforkleQtalyRL eFhe @RtalystEwas|priated AEQRRAIRE to@he @pbelBdA-BRcipitation method
acti vi tg is observed at this ten(%:r ature. The catal yst
Y

syenasied by L.andp R ¢ial eheemn Caganvss 20¢0e 388Pabi 1 ity of being
used in a | ow tenperature environnment. |In one '
eribad] maie catblyst of Htegirgssnt infentioreis plse sative in remeneli af'Q i the presence

us 1N br.eat.hi ng .6evi ce u . fall :
[ beap 2eRarPe HapT R AFFaEEe HEYs BefisRE o iinioked PEM Fuel
5 I eRl E&Mti@ﬂﬁorﬁﬁnihgéﬂ%Eé)gf?éGOpW/&ﬂyaﬁ 2840 nsingtliceatalyst of the
tenperature. Figure 7B illustrates that e acti vi o
ofPTERE R o S e tve GpEiagar L eiptef fysc umdera
I SRy rafd Worh BBYUL L @RI/ERN D oSIEBOThIRHin Qg 11 00rag Tobdivg bBS% AuFe;0;
rangi ng fromabout 10 mM/mn to about 80 m/mn. A
pregiaist.ed flow rate is between about 10 mi/min to
about 30 mM/mn. As shown in Figure 7B, the catalyst
of Examepley esent i nvention exhibits high activity over a
wi de tenperature range from about 20 OC to about 150
10 0Good) Examemlel: Brdphation off &y Cathlystr eactivity of the
catal yst can be nmaxi m zed by adjusting the reaction

t YpD6Y] A THeSSu cadfstsO¥EBleBare@lisify HAQDI, bk preofrsciINaBH, as a reduction
m/mn, a preferred reaction te,n‘perat(g{ﬁe ran

§ s from
alngget ang apmorasidas 4 GEPIYEE Feent. LHWES fheppeighen pEADd, sonieation was
i lbéggfiédé (%tg(‘f?O LB Q) 1198 | 1R cadly sWat SephrBRd REIRS eMEfusé and washed with
a

WY of Fe20 catal yst 1n the absence of o
c adexiniget iwstert Theadyariages p glgrnéeﬂgzg are loprgescpn tempgrature and suitability

15 2Ck Vidoks Q{talgfﬁg?@ﬂﬁél YRS caftl i ac® @i Gl of el Ol ks $&L OB Bkidation in air
Surprisingly; t catal yst ‘of the present i'nvention
| om@sn thewrdsemme of Hb,uespecsivelyvare goragarable lodhechentanrios gy respby.
exanple, at 20 0C, only 5% of COis renoved using the
cafoaby)st TEWtiages af thekathlysta f ADSTiOg k@04 39/ $i0;(B) Aw/CeO; , (C)

conversiop,. .the reacti on . need o, b arrie ut ~at .
At L hoPiEb: S eee BT oRa - R Ly TR Au collids are
dets@asia didaetaet fhy séiutiaf (Fidnes 2/t alfies ieportddaintd Fil, (Figure 2B), or
contrast wiwth the prior art, that cal ci nati.onf ct ual Al

20 | nFe:@a98 othrrcaalyst SHPPYGY theprds alfos] Rpshangp i sizg OAW% » 41150,
Pr BRI AlRG8 4 REhll AishBSeIRBSE CatalstRuSI (Rigire OB, Figure 3 and
met hod reported by Londo P et al (Chem Con'[r#n 20q5, th hich
338igyre 4 aneEpuyhY. (e mojhad ipyersatile for reparation of miapy Gfelyds with hig
al i | . val of COin the presence of H 20
an@%g?ﬁ&%ﬁ#%&é@% illustrates a sel ective oxidation
Rt Tefholl R eltan (e RANE dribrecont invention with the

25 cabst Wstatudé reblits present i nvention. For exanpl e,
quantitative conversion of COis achieved at 50 0C
untigyle 8 A tampaiisdreofipiepatatibn uinditnshiddvesults of alre@ataly80with best
M fiafurelfdstiles. | OOy | oadi ng of 5% AuFe 20

Method Temp(C) Time (hr) Auparticle Catalyst CO content (ppm)  CO in air’
size (nm)  loading (%)  after reaction in (ppm)
' reactant gas®
ICES RT 0.5 3-5 1 70-80 <10
(AuFe0y)
ICES RT 0.5 3-5 5 <100 <10
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catal yst. Exanples [0067] Exanple 1: Preparation of Au
Catal yst [0068] The Au catal ysts were prepared using

wo2wTossme3 a precursor, NaBH 4 as a reduction apensGzmea000346

10

15

20

25

amno acid as a capping agent. During the reduction
period, sonication was applied (e.g. 20 seconds).
hb&hmﬁbbe catalyst was separated uslng centrifuge and

W R deiompged Wagey . The sadvantageg of our 10 data®
meg, oj' € | ow reaction tenperature and suitability
fU Pval I Ulga cat dl 4%[ SupHU_j’gb II cat dl ylﬂ'
aCAu)'(IL es of t he cataIystsfor OX|dat|on|n air
ang he—presente espect

K] <10

co o._.o C to t he” est p |or art results 1100069] TEM
| N -1.-- 3 i AL Q .e

eact gasfg’%}““‘sﬁ 5% 1 5’;&7 A 22(13 PLZTi 2 are
gté@) récg;Ha{tlg da.)andﬁn @ng al]-@hem f@o%ﬂ@ﬁidoy @&Sy), "fﬂ?erefers to

AlIbe&)Q nQprebipit{of methda (Zhﬁéllh IR, 6 LB BRI CHem Bob®, 6,76d4); C refers to
( Fi predigitatidd\nethoBR Chetig, Welh @sdl.t @ehhonTodayJ30@, 27, (45Fi gure 2B),

o Nf-eata@ic datgreporteth lawslan, etlals Sne sgmpipwas propared prditested by the fivepicrs.
no change in size, for part. %I . Iso, these Au
pdPUTiLE | Examplg 30xidations i T Mask Application | y o
supports (Figure 2B, Fi gure 3 and Figure 4 and Figure

149072 h &herexitaipni of GReingiinton) Aw/Tidh apst @pb%étlqu ePs@fe mﬁwted in Figure
¢ %ta%h ?Jfétu% Wréﬁg%éﬁvgl? ﬁ,gtqulrngt/aql 6'C§P B¢ §c!h ed £tqg<ZrQ]temperature

arison of the cat a
t Ifa the e@eaatalysts\mden hngh snﬂttewetdwéy,beé et 0 Cifer Ho lméqu@s catalyst.

TSBhd: o SEITRRLLEDl BBREL R0, TP IRER T
MeFigo@ 6BR.The (t&t}liﬂwmhf(t ttre)hfdluf thaedtilgdt & Clepstllgreger GO 200 hrs. Further

- SbEF brh Ry helidpdiied el TR G | Yl 65 arc suiable
7 Qordfe spblicdtidn ZirmasiBindlo@ebbigdthigdededs. 5 <100 <10( AuZFe
) Co-PO 80 2-3 3.7 5 50 no data" (AuZFe @) D-PO 80

4160731 3 ERafipl8 40 98EQive Oxidation of CO in the Presence of Hydogen (Dry Reactant

Gas) for Stationary Application

[0074] Catalyst Au/Fe;O; was prepared according to the method of the present invention
and was found to exhibit high catalytic activity. Carbon monoxide can be completely
removed from the reactant gas at a temperature below 50 °C using 1% of catalyst loading.

The results are also shown in Figure 7.

[0075] The catalyst Au/Fe,O3 was also prepared by a co-precipitation method (Landon, P.
et al. Chem. Commun, 2005, 3385). The prior art has emphasized that the two-stage
calcination of the catalyst at 400 °C and 500 °C is crucial for 100% conversion of CO and low
selectivity for H, oxidation. A similar experiment was conducted with the catalyst of the
present invention, and found a significant increase in the dimension of the metal particles
with decreased activity after the 2-stage calcinations, for example, the Au particles are 15-20
nm in diameter and the CO conversion in 70% H; is only about 50% (Figure 8B). However,

the inventors have found that the catalyst of the present invention exhibits very high catalytic
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(AuZTi@2) PO RT ~ 1 2-3 3 no <10 (AuZFe2(3) 1React ant
gas contains 1%O 1-29% 2 > 779%1 2 , 20%0 2. b

wRe@cHsIs3 gas is 10 in air (1 O OOOppm . c PCOSEL006/000346

10

15

refers to Co-precipitation nethod (Landon, P., et al.
Chem Commun. 2005, 3385); "D-P" refers to Deposition
- RERAY Riifhaht ARIFRLNOE: &é(’%ﬁﬁ»lel €0 c%lb@éo let 1R6VER at room
e%ﬁﬂyelzooz llﬂég 760 refers tn?)ﬁ%religlepltatl on
wmmmeau(r@(fe@gew H et al, Cat al ysi s Today, 2004, 97,
145). d No catalytic data reported i n Landon, et al

Qe 7sp w@mﬂa§Me Oxtidatich af@ﬁ iadhd:Breseinee off i 600 p5d H,0 (humid

[007ﬁ COin Air for Msk

PO OO0 F2 ] - TH ac of COin air on
AuZTi O2 and on | %Au /Fe q r resented | i gu
an@p 7] gEprthis regcian dhg hlelassﬂoefem‘gr siopds ?IE’I?B'\/@PJ;"@% %%&‘rﬂ Co
b%or?&ﬂl’re@%ﬁ@s Giow fof (@%%U B&edtioh lilneo i et W’n%& results are
under gh space ve ocrr@% and at O0C for 1% Au

@)
o Rompy LS oHBRBCPriOrF T BEts CEIRAL BRIl Chst. Commun, 2005,
dg%ﬁa?r?@g;n%s%e o?tégb?qﬁzh e C h%tr{"v%ﬁ ré“%? ﬁm%%%, but the selectivity
c af @Rysty besncatas¢édkast | onger than 200 hrs. Fur t her
testing of the stability was not conducted. Both 1%
AL[@)'FZSPZ iz 13 dndeﬁ}é@addﬁhati’l@examples aridteadbodinfents debueibed herein are for

ap |cat| on in d ot her hreat devi ce .

et e OF ang il ol madfhRtams AP oS f Rt horeof will b

Prsﬁ E\.'@@toq{eré[dgg%?m ég @[el)artaﬁaﬁfea@be ineladed Within ﬁte&birg aad purview of
cation t al yst S..prepare

aéﬁa ARnlisgfiongng H“é?PFr@f thg grisnd ?ﬁiﬁl eéﬁrtm%@m F%?Ptsaﬁ*ad patent

WasL f QMR e Bk&ih *ﬁfethet’ﬁbg rhc%ﬁio?dtédtﬂyf‘reﬁfehbé/inttﬂelr &k dPTOr all

nohoxi de can be conpletely renoved fromthe reactant

g@YreBesa t enperat ure bel ow 50 0C using 1% of cat al yst

| oadi ng. The results are also shown in Figure 7.

[0075] The catal yst AuZFe20 was al so prepared by a

co-precipitation nethod (Landon, P. et al. Chem

Commun, 2005, 3385). The prior art has enphasi zed t hat

the two-stage cal cination of the catal yst at 400 0OC

and 500 O0C is crucial for 100% conversion of CO and

| ow selectivity for H2 oxidation. A simlar experinment

was conducted with the catal yst of the present

i nvention, and found a significant increase in the

di mension of the netal particles with decreased

activity after the 2-stage cal cinations, for exanple,

the Au particles are 15-20
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run in dianmeter and the CO conversion in 70% H2 is
only about 50% (Figure 8B). However, the inventors

whawe/ossend t hat the catal yst of the present |PUESGR006/000346

O VS R N R

exhi bits very high catalyticactivity w thout
cal ci nations. For exanple, CO can be conpletely

r WRXPIS LA jgnperature (Figure 8A). [0076]
EX'EWD‘?E‘S‘%e Oxidation of COin the Presence

of COg and O (hum d reactant gases') for Reforner-PEFC - |
Appl i cat i ok [ 00A7ptatyst fof ponyersiaof FaRon PROXEey the satalysh comprising:
o T o c

cOPNELE) Orhidtly BFPSD me Payt T ARidn fom about 2 nm to sbout
| fupn a sobifl stppertdnd e canping agfiewherein shel meial pagicles gpdithalshrping agent

tg. t [ rt results up to date (Landon, P.

e?epgp?gﬁga?ﬁ}so%gﬁ%mﬁ. 2005, 3385). In the presence of

trace H20, the CO conversion is still above 99% but

t he sel ecti2vi t y Tbé cgalpst phiglaipel iwhsreétibe eapp[rEoeeit is in dogtact with

Eﬁg%éatlgg‘%d%gat ~the exanpl es and enbodi nents descri bed
ereinare ror illustrative purposes only and that

various nodifications or changes in |light thereof wll

be suggest &d t o Theeadyss o§/lpim bavhiergin the mgtal partielesare forgred from a
be ing] c o A TV : .

sl 144G ol P fbu 4R bt AGRE 1L B RRE, R D, Co, e and
publications, patents, and patent applications cited

herei n ar e 4ner eBhe taidpst pbelamed) vhpreirthe mstat parfipledsas Au ora Pt

eg%&i{lgty for all purposes.WHAT IS CLAIMED IS; 1. A

catal'yst for conversion of carbon nonoxide, the

catal yst conprising: a plurality of highly dispersed

met al  part %l es Thadtapstaf elpivehsthsrein the metabparticles hayg aishape

a Lid: s . i . LA

P e e B b i FHP P ey (A ARIIRHBATON, famond

dpplpsingl, othesagularsol inegulap puee-dim@nsioabshepasal yst  of

claim 1ls wherein the capping agent is in contact with

t he net al rti : | &l .

wherein t h(lfeai{?1 metg §%%?I?§t8f£l§1 Hggéﬂ#egeﬁ{n%lgg?l@o%@ rgrg'tsglfmd from the

s eloep tadisfingoef a Hodyngar aesin, ew ot geniciydrokidawn irrganieloxidy a glass bead,
Ni wohr, Os, Co, Fe and Cu. 4. The catal yst of
c?g?oﬁv%ﬁngh\ﬁﬁ?lrbg?'n the netal particle is an Au or a Pt
particle. 5. The catalyst of claim 1, wherein the

met al parti%l es Thacatalgst ohelpion &avhsrainsidic inoganicxidgripa metal oxide.
consi sting of spherical, cubical, cylindrical, oval,

di amond, pgl ygorgl caﬁ&alg% gf‘ clbiOH viHere e efaP BXid@Eontains a metal of

t hr ee-di nensi onal s
group 3 to group 13.

9. The catalyst of claim 7, wherein the metal oxide is selected from the
group consisting of Al,Os, TiO,, Fe203, CeOz, CuO, ZnO, Si0,, V205, MgO, La;03, ZrO,,
Sn0,, MnO3, MoQ3, M0,0s5 and zeolites.

10. The catalyst of claim 9, wherein the metal oxide is selected from the

group consisting of Al;O3, TiO,, Fe;03 and CeOs.
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6. The catalyst of claiml, wherein the solid support
is selected fromthe group consisting of a polyner

WO 2®i7035566h | nor gani ¢ hydr oxi de, an i norgani c ORCTIEG2086/000346

0 NN AN bW

-t

gl ass bead, a zeolite and a carbon. 7. The catal yst of
claim6, wherein the inorganic oxide is a netal oxide.
8. The catalyst of claim7, wherein the netal oxide

contai ns a pet alTh@ﬁ;at@l&ﬁld)m cRint 0, \ﬂ{e@éiﬁ?ttﬁ%ap&;g aplst is selected from the
catal yst of claim.y7, erein the net al

s 8108p ceRrpistipg Af anEnige B AcaIverdic Ay 6?3%“253&“‘1‘?%6%1 a cyclodextrin
Fggé;%pwgggpz CuOQ, ZnO S X2 V205, MO La2@3, Zr2,

G2, MO , M20 and zeolltes 10. The catal yst
of claim9, wherein the xi.de,is selected from
the group cBnsi srlf i O ml 5ivesTeine epnpifie AEERYJS gy amino acid.
The catalyst of claiml 5 V\herel n the capping agent is
sel ected frgm t hemeihed Bfﬁr@ﬁﬂﬁmghlhfyllyodls]ﬁﬁ;eﬁmtﬂgst,asaidinetaod
carboxylic acid, an al kanol, al kanethiol, a
cYyempRdd&rin and a polynmer. 12. The catalyst of claim
11, wherei nal)t he GARRIRS rﬁaﬁ%echﬁo%nﬁﬁhﬁ@wﬁl@h fbdudilg agént and a
nmet hod of preparing a high di spersed catal yst, said
weapwcgaggmmg@er@ea@yct@@wa t%ng a netal precursor
conpound W' Fxgﬂiﬁ%s&gcaﬁﬁﬁ h@?é%cfi’otﬁﬁﬁﬁir@ﬂ) REGHH at;ﬂ’urahty of
generate a eact xture; appl yi ng sonication
t neetal ecliidad partivles;ané t o generate a pI urality of net aI
col | oi dal pgrti g
of net al paf}tl cldee mn%'?f?ea& hraﬁ@ﬁﬁ*?’ﬂeﬂl g%tuhg%orgég%grdegugpm fo
hipgdphiy adiigipedisgpasedattalyytst . 14. The nethod of claim 13,
further corrprl sing: separating and purifying the
cat al yst. T i ﬁg%r d purifvi
cat al yst |s pr ezlg}eedﬁgﬁz}@t%dogqagﬁnggrfg}tt%e?go ag%% oo PUrlyme
t cheadatalstst. 80 OC. 16. The nethod of claim 13, wherein
the netal precursor conpound is a netal oxide, a netal

p halide, a npfal :nééi‘lﬁoﬁl of@la,pﬁtlf'wt&i’éxﬁéx%%ata sttqgf»@*)%red ata

sulfide or a hy ereo wher el n the

2 seémmraukeffmhohﬁ)mm)upolﬁéﬂéﬁlstlng of Au, Pt, Pd, Ag,

n K W N P W

—

Ni, Ru,

16.  The method of claim 13, wherein the metal precursor compound is a
metal oxide, a metal halide, a metal nitrate, a metal sulfate, a metal sulfide or a hydrate
thereof, wherein the metal is selected from the group consisting of Au, Pt, Pd, Ag, Ni, Ru,
Rh, Ir, Os, Co, Fe and Cu.

17.  The method of claim 13, wherein the metal compound precursor is
selected from the group consisting of LAuXy, LyMXs, LMXy, LiRhXg and LZM'X6 wherein
L is 2 member selected from the group consisting of H, NHj, K and Na; M is a member
selected from the group consisting of Ni, Pd and Pt; M' is a member selected from the group

consisting of Ru, Ir and Os; and X is a halide.

18.  The method of claim 17, wherein the metal compound precursor is
HAUC14.
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Rh5 Ir, Gs, Co, Fe and Cu. 17. The nethod of claim 13,
wherein the netal conpound precursor is selected from

WO @705 consi sting O LAUX , L2MX2, L2MX4, LBERIYG2006/000346
L MX wherein L is a nenber selected fromthe group
consisting of H NH2, K and Na; Mis a nenber sel ected
fromthe group consisting of Ni, Pd and Pt; M is a

1 nenber sel e® ed The amatliddef giaimu b3, codweirsthe pglucihg Begnt 1srselected from

and Os; and X is a halide 18. . Th thod of claim17 .
> v Bgshieic e hehyntiis PP auPeg el eyt ohd appalaci
3 ng*_d,’tgﬁg of claim 13, wherein the reducing agent is

selected fromthe group consisting of a netal hydride,

a catal ytic hydrqgenatio st em.and nme /acid
L System 20 20rhe Theetadan SBIns1Fareh fhe e bydfilefpetgecd fom
2 hyidrdrls doBisiSiRig@F LAlH, hadn ineal Giratydrida@nsi sting of Li AlH

and a netal borahydride. 21. The method of claim 20,
wher ei n t he et bor o r{de s .sele
ha cla

ted fromthe, .
I group consi&lingthm %fegﬁ%fﬂet%%@@mhmd
2 aR@mlthe SoBY 38iSisting of NABHEBM @B Heb, 3, Me 1B RMORT £idrLi-s-BusBH.

t he capping agent is selected fromthe group
consi sting of an.am no acid, carboxylic acid, an
1 al kanol, al %net?hed’i‘e?}_mél %ﬁ%f%i@ﬂq}efeﬁn éﬁ&a@"ﬁﬁgﬁﬁw selected from
2 23ne o\ dvBtifaG oTfn @maioBcilida catbiyRe Boid,Ra af@AbICdkirRthidlSa
generated from a sonication device. 24. The nethod of
3 cloygledextyin agd @pelymethe metal particles have a di mension
fromabout 2 nmto about 5 nm 25. The nethod of claim

1 13, wherei m3 he TRt thdiedficiagh 83, Wikvein thesbeipRion®d gatmattd from a
. fromthe group consisting of spherical, cubical,
2 cypipien dayice-oval , and other regular and irregul ar
t hr ee- di nensi onal shapes. 26. The nmethod of claim13,

1 Wher ei n t heaqret atheRadthddidfeRir 18, WiRtdie theficdhpartiales Adve a dimension
sel ected fromthe group consisting of Au, Pt, Pd, Ag,

2 Nifronpgpouihnmitg aboggSpR: o and Cu. 27. The nethod of
claim 26, wherein the netal particle is Au. 28. The

1 met hod of ci:i MR, methey dichih B, velekdinl theupgpal iphrtickes have a shape
sel ected fromthe gr.o

2 SR ot Sh R SN ol (9 AELATRY LEF R e

3 b&adirregular three-dimensional shapes.

1 26.  The method of claim 13, wherein the metal particles are formed from a

2  metal selected from the group consisting of Au, Pt, Pd, Ag, Ni, Ru, Rh, Ir, Os, Fe, Co and Cu.
1 27.  The method of claim 26, wherein the metal particle is Au.

28.  The method of claim 13, wherein the solid support is selected from the
2 group consisting of a polymer resin, an inorganic hydroxide, an inorganic oxide, a glass bead,

a zeolite and a carbon.

1 29.  The method of claim 28, wherein the metal oxide contains a metal of

2 group 3 to group 13.

1 30. The method of claim 29, wherein the metal oxide is selected from the
2 group consisting of Al;03, TiO,, Fea03, Ce0,, CuO, ZnO, MgO, Ca0, BaO, Sr0, Yb,0s;,
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a zeolite and a carbon. 29. The nethod of claim 28,
wherein the netal oxide contains a netal of group 3 to
w@e@maps53b83 30. The nmet hod of claim 29, wherei nPCTI8EG2006/000346
nmetal oxide is selected fromthe group consisting
O‘AI 233, Ti®@, Fe2 Ce®, CuO znO, MO CalO, BaO

vERh Y i Cedtony R Gty MEDea gy BRI 3G, B0

4 Sia0s, By, TIZD.XRiO;, W2 Eh.an Bixkehd zeelite31. The mnet hod
of claim30, wherein the netal oxide is selected from

1 the group ns i ZI;H '?r?etlgd’%é" ﬁg‘% WHO -I;zlzh%n ﬁ@ fidB1 @Qﬂe gesg%cted from the

32. The nethod er el e .cappl ng agen
2 | $raup cansistiog aﬁAHO3,3302,/Eeb,&3eandK3eObe catal ysts of cI ai ms
1-12 in the selective renoval of CO 34. The use of

1 ¢l ai m 33, cHpr 'ﬁyg?estlﬁ)cglf‘o%'cﬁ%fnaz %e ﬁl@iﬁ&;ﬁ‘@go fit is an amino acid.

t hrough t he“cat a oW ra erati ng
tenperature. 35. The use of clai m34 wherein the

1 operating t¥perAusea thecatalystaofislsines 1o theselasgue regpval of CO.
0C. 36. The use of claim 34, wherein the flowrate is

1 from about 30 myi Qe b0 1AR0IAL c&x@prfﬁr{g%@mgiyco ThRaaR gas through

of claim 33, wherein the catalyst is selected from the
2 gribesgmtatyskssit sﬂpwgafefand\@n FRertiBg toMERTR,  Au/ Si O 2,
Au/ Ce@2, AuZAl 2B and Pi ZTi 2. 38. The use of cI aim

g 33, wherein 5 he ﬁQ%éo%%ﬁﬁﬁﬁ whieRithe opethting Bnpdsfurfs from about 0
cl ai m 38, ereln t I's oxidized at a tenperature

2 f *6rto altroti$0 TOC t 0 about 25 OC. 40. The use of claim
33, wherein the COis oxidized in the presence of

1 about 70% Hgg ’)Ehemg o' @8inP34, Ghare O owheE Biffdnt ARuCD ml/min to

is oxidi zed I'n t presence of about 70% H2 and about
2 1%boE.804d/miThe use of claim 33, wherein the COis
oxidi zed in the presence of H2, CO2 and H20O. 43. A use

p of the catagystsr H@ﬁs@ﬂf’clﬁﬁ%@fvh@ﬂeﬁa‘tﬁ@ca@dﬁs&s‘ s@leB@& l&om the group
filters for efficient renoval of COin air. 44,

2 ofcopfiging af AbFe1Gs, puEAr AV HPo ey AW AN aﬂéﬂ’ﬁ@@mf

any one of
1 38.  The use of claim 33, wherein the CO is present in air.

39.  The use of claim 38, wherein the CO is oxidized at a temperature from

2 about 0 °C to about 25 °C.

1 40.  The use of claim 33, wherein the CO is oxidized in the presence of
2 about 70% H;.

1 41.  The use of claim 40, wherein the CO is oxidized in the presence of
2 about 70% H, and about 1% O,.

1 42, The use of claim 33, wherein the CO is oxidized in the presence of Hy,
2  COyand HyO.

43. A use of the catalysts of any one of claims 1-12 in mask filters for

2  efficient removal of CO in air.
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clainms 13-32 in the selective renoval of CO 45. The
use of claim44, wherein the catalyst is selected from

W0 b@7gswep consi sting of AuZFe2Q3, Au/ Ti O 2, ARZBEGCR06/000346

AuZCe@2, AuZAl 23 and Pt ZTi 2. 46. The use of claim
44, wherein the COis present in air. 47. The use of
claim46, wherein the COis oxidized at a tenperature

from about 43, C tapusib@tte caAdlseprepdred ddvordispeto tHe raéthodwf any one of
44, wherein the COis oxidi.zed in the presence of

aBigims ok ipghe S&@.ctlwsma\?éotésm ai m 48, wherein the CO

is oxidized in the presence of about 70% H2 and about

1% Q2. 50. 4Bhe uhe usd ofelaih aAdhersih eebalystie sdlédtddsfrom the group

oxidized jin the presenc f , a H2O. .~ The
L sensisfing pEAWFSEs, AW TS, FoBin RuRD: SP8RDE T Htige
presence of about 77% H2, about 20% CO2 and about 2%

Q2. 52. A ufe OfThtR& falaihyia] whepéif BiRr GOl isgeesontdn big. t o
the nethod of any one of clainms 13-32 in a nmask filter

for efficie r val . in ai.r. 53 .A catalys
pr epar ed actor dﬁﬁg ufeo‘)ftocifé‘%ggt ﬁ]&eﬁelafhec(’?%fsrﬂxl%e% af §lemperature from

about 0° C to about 100° C.

48. The use of claim 44, wherein the CO is oxidized in the presence of
about 70% H,.

49.  The use of claim 48, wherein the CO is oxidized in the presence of
about 70% H, and about 1% Os.

50. The use of claim 44, wherein the CO is oxidized in the presence of Ha,
CO; and H,0.

51.  The use of claim 50, wherein the CO is oxidized in the presence of
about 77% Ha, about 20% CO; and about 2% Os.

52. A use of the catalysts prepared according to the method of any one of

claims 13-32 in a mask filter for efficient removal of CO in air.

53. A catalyst prepared according to the method of claim 13.
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