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The primary methods known to date to deposit catalytically active gold on various
supports recently have been summarized by Bond and Thompson (G. C. Bond and David
T. Thompson, Gold Bulletin, 2000, 33(2) 41) as including (i) coprecipitation, in which the
support and gold precursors are brought out of solution, perhaps as hydroxides, by adding
a base such as sodium carbonate; (ii) deposition-precipitation, in which the gold precursor
is precipitated onto a suspension of the pre-formed support by raising the pH, and (iii)

Iwasawa’s method in which a gold-phosphine complex (e.g., [Au(PPh3)]NOs) is made to
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dramatical |y eaSURMMARY @ICTHRE INVEINTION signi fi cant
We have discovered that the use of physical vap or deposition methodologies to
deposit nanoscale gold on activating, nano-porous support media makes the use of
catalytically active gold dramatically easier and opens the door to significant

improvements associated with developing, making, and using gold-based, catalytic
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technical |iterature reports that such "full volune",
invlypireryacnatiag spelymedia as much as possible throughout their volume with
catalyst. Indeed, the technical literature reports that such “full volume” impregnation may
be required to achieve acceptable catalytic performance. However, PVD tends to be a line
of sight coating technique, meaning that PVD deposits catalyst mainly at and very near

(some minor surface penetration will occur, such as by diffusion) the surface of the
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Water soluble salts such as alkali metal salts and/or alkaline earth metal salts are
inexpensive, readily available, and easily incorporated into catalytic systems when

practicing the present invention. Significantly, it has been discovered that these salts are
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The catalyst system is robust and consistent. For example, we prepared and tested
two identical embodiments of our system about one month apart. Notwithstanding the fact
that the two embodiments were separately made, the respective data for each were
identical for practical purposes. This kind of consistency is uncommon for gold-based

catalyst systems. See the Wolf et al. article.
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dumhiithebhBosRRblldves the 8fa86n ofldeew family of active metals on carbon
and on other oxidatively sensitive substrates. In the processes known in the art that
require a heating step to affix and activate the catalyst particles, carbon in the presence of
an oxidizing environment cannot withstand the elevated temperatures that are often
required. Thus, the carbon particles had to be treated in a reducing atmosphere since they

would be attacked by oxygen during this heating step. Such a reducing step may
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undeiiabiy dts et Fealystiany LEchin o cisdt e g 3h 5op i subborted
on cRIbER 8PS REusIArEHA) OK b ZhsRft BIVEhtiH) 0RBEN GARMKIES and other non-
w thstand the el evated tenperatures that are often
oxidegguicteedan Th cmted Wéh Gaab’emqnapmldlﬂ@@dﬁm hegfingesten enpasy

fed“iﬁ{}]()@?;;gﬂg\lﬂr%bﬂ h e;‘lggt?% 4 %g :algeg C agx eergr?ctiergc? K&ihytic
for GORRiIdABIN @/ﬂlﬂi@l@é@ﬁé 3Q38p %Mﬁﬁ@é@ﬂf@ﬁé mus carbon for the
a

undesirably reduce ot her catal yst constituents (e.qg.
remg\gilpﬁOthﬁeng@eﬁ)ﬁomracﬂﬂSéW supported on carbon or

t th

TR R S e b0 Bl Ve oBRD. bECuafRHBBe o that

the ﬁ\md ﬁmm&sadansheﬂt&rmﬂ&ﬂtdntd £ secandl glranullaephasnag)rsiaa rbecﬁormed into a

post reduction is required. In thbsi mann g[fae

porag Ul 1 PEYIdhigh AU RHIHION SHULY whi %E&Oéflgmgé K pegssure

dunﬁ% dation without |osing the adsorptive properties of
e porous carbon for the renoval of other inpurities
f r domathgd of stakimga Ekiregemeonpratad g systamishprayidad in@nc @weCt of

fine particles of catalyst s 0 oth
the FiPTARt PRIy CdieaRFine U CE BAERET B “bD0uRdh gepositihe
cataBftRAY Rtive E@ﬁeon@(f aﬁ@dbp@ﬁ)ufs QupRek m&diéma porous granul e
t'o provide high CO oxidation activity while prow di ng

| ovh w@Qg@w@gsw@lystmst@mrw p@)vubé in gqther RsPeeffo ﬁh«prﬁ@ené

i RSB STBL R bR A hi P ARAR0 e o v

meddurf iiRudel aPleyst be@later YERBIE sele pasiethdi@l ootk yﬁppbaﬂ ﬂnydlum
active gold onto a nanoporous support medi um

Themerenosysreppat Badianydeo Byhdencatdyiradypedye |8ﬁ1daﬁ1%’9ﬁéﬁd onto the
suppgcﬁrpl%g&lul%f WBQI%HP&Q%%{Y&% LP; {ll:\fﬁ/@ tgbfags dgﬁ%@ﬁﬁ%‘ &'Penetration Depth

ses " a nanopor o e "nanopor ous
Rat@dﬂﬂ&rrhngdﬁfdtdﬂﬂhbmlludﬁsg mtabbma)st one water sol uble

It i t to th t
b SR BISEH e BRSY SHHGD AT HIBED Vs Eamy by psiemy s

prox\fl\igéd h& gl Hisdep yﬁ)@ﬁ)u@ B o}tr}ﬁedﬁrﬁpﬁpd'lkaﬁ‘%ﬁ’éthﬂrﬁalt 1mpregnated

ereln the cata Ically active gold is deposited a
ontcath@eu;qiortanﬂ:chmnwm ctatalﬂatailgj activet godd depogide @fonfar t@msgmmm medium.

t ot her. aspect
or A BRIOA D B Qi ST DR B P B e aplahrith an
aspdk ef/ﬂhé efés&ﬂtaﬁve@lﬁeﬂ I THE FethodaNRE: ALTep D ARt gittidic lam/ater
an al kali nmetal salt inpregnated onto the support

solutpbeciialf mptmm@atdastaumqrt@pdlynacThw@etb@i Ysqiiapdudescstemeloheat

treaéggrfhéu t”gg'ﬁ ﬁ)r&t rﬁédggﬁlrﬁ{)g te% %&# gggeﬁeﬁﬁ{gﬁlaﬁﬁﬁt 200°C.

OVI accor
Additionally, the method includes a step of physically vapor depositing a catalyst onto the

heat treated support medium.

In another aspect of the present invention a method of making a catalyst system is
provided. The method comprises a step of physically vapor depositing a catalyst onto a
catalyst support medium. The method also includes a step of miixing and comminuting the

support medium during at least a portion of the physical vapor deposition.
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aspect of the present invention. The nmethod includes a
step of inpregnating a water 25 soluble salt onto a

W@ 210803382 support nmedi um The net hod al so i ncl RAEESH04/031265
step of heat treating the inpregnated support nedi um
at a tenperature greater t han about 200C.

i.tio h ncl udes .a st Si ca
10, QIR g TR Pl iRy e iR P AR ol ¥
dep@s‘ﬂ:@@ Bhfo dBdtivired tabeNQHpP6l nRIRRE Is RbviEE iPhESB& aspect of the
i nvention a method of mnaki ng a cat al yst systemis 30

prespRigpyeddan. The net hod corrprl ses a step of physically

v agﬁ)& %.?xﬁl%k E‘m.ﬁ%%t (% tﬁ&f}é < e|¥1§1f: Vglg[eogl aamgtt%ga %éxfr?cﬂgluig E Bgte}o togeneous
cataDenayisreut ispgotibed. Bheppethdd nekidesm step bﬂ@téﬁnirﬁi@@inf@rmatlon
portign of the physical _vapor deposition.

mdl%lds PHSeIapagiciniasyyeusob il has ypon e wafaéyféfg @cﬁ%qysof gold that
H
is iy PhntUSbERA RIS SpRe RRBI b RSl AR 1d{fe ol drhe
metlmdnlmjmdluldes asop beuvsimsthe cdfomhationeo npike aentalystsgsiemaierived
et anot her .aspect, of tgﬁ r esent i nvention a

fmn?‘ﬁé‘ﬁ Nt copamising the palb dhedy w4 ®ldatal yst systemis
Pr QddRfhally NG 2HBHMBCApEA of %%es@nﬁh%u%ﬁ Hehthdt B Mdking a
information indicative of the inpact that a water

catalyst Qystemn isairovided H@dneth%mclaﬂeﬂ YS$tER oﬁmnpmgngmtg a geted soluble

salt ﬂi}alatfﬁ#aiwgp SI C aI va ﬁg)gsa{lstoq%}gdnets?%?@ ?gﬁ{(‘sgcally vapor

depésnﬁigt&msyt@aﬁya@uw gdy@bﬁtg tﬁdlﬁqprég‘n@feﬁ&hp@h hedipke a
catal yst system derived fromingredients conprising

t hén 8 Zyrther pppeciniley RIpsenbindengiondelates toxggietherhef agpivaiing a
s iR el ATAYAL IS aPURR DS PRy B R Gl atcosce

onto etdlge suppct @pdiah. iThemeginal incigdes aaéeof depasitirg casaltically
onto a catal yst support nedi um_ The nethod al so
actweﬁgq:ta]dggo glesztcgrgatg@ swg,sg@qiqeyang é%l,ldes @@% as E}qeﬁ'}gtlve metal and
| nat ed support
phy&@dgl @E%ﬁ &ﬁ&élﬁ? urt éé%eg@gg)(fz t8 éBo‘%ﬁgﬁgs?i ggg%tta 9| nvention
r elaygs ﬁutther aspedtotie pfesant friveatiomgplacsitd asmbthiodatf @roducing an
surfac r ovi Thi s thod [ ncI es a
enlaiee BF i AEFe L HASIOr SRR P aLe Ay S s oG Tre
metHHﬁqhélHHes-EﬁgorB&tahﬁg sthAlEr %ﬁ§p(ﬁfo§§ SRiAks dePosieki tlcles) onto a
catal yti cal ive netal” onto the actlvate upport
coarsapRgste Ged hpstq?autdé@ gk thegimdtihdudestdepesitiog al camhyilcally active
met@ g}{fﬁ) F%Iilan%%] Vg 2Q Erle]ta lﬁ\?}fn%’ Santgglgcéﬁes ﬂd gsLthg Ye mepaq and
phydicty @apdr@pseliet &Sthé thethod®F BEsbsRingRaRIGHERNITAO ratidbf the average
enhanced surface area particle for support of active

partiglersige of dhahgss particles i e |guesé partivies is dastraRly indls tagiesof 10,000:1

to 16:.pCorporating small er, nanoporous particles (i.e
guest particles) onto a 'coarser particle (i.e., host
particle). The nmethod includes depositing a

catalyti cal pyiRf DRSCRIPTION OF THE DRAWINGS

Fig. 1 is a TEM image of a cross-section of a representative catalyst surface of the
present invention (material of example 3).
Fig. 2 is a schematic side view of an apparatus for carrying out a PVD process for

depositing catalytically active gold onto a support.
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metal onto the enhanced surface area support and

i ncludes gold as the active netal and physical vapor
waelesmswsson as the net hod of depositing said NMBCHUS2005€31265

ratio of the average 25 particle size of the host

particles to the guest particles is desirably in the

ratio of 10,000:1 to 10:1. EF DESCRI OF THE

DREW& Ridssr SEeealc Perspestive igw q% RPpgFars @5—({@3 section

of g ﬂ%ﬂ(’i\ﬁsc'ﬁﬁﬁ@i yéﬁ%nﬂ?ﬁt%ééﬁfse@w fdGRs ]%1*3@ to @ORHRANEnges in

I nv t|on exanpl e Fig. s a
ordestﬂmms k:a:tab/tldeharacﬂmsbrbs fom oa;mang\(lﬁ‘s for carrying out a

Etgpr it i(‘)l y %1 %&%%%%@IM% oL ngé of catalyt1c

CharEdt&isn%s bfssaﬁlp';gsherratl c perspective view of the
apparatus of Fig. 2. Fig. 4 shows testing systemthat

Elg,n 6ésla prapk siyjveng catalypt ekaraeseiixtics i k samgles wherein theegbility

of thﬁiS@I.np §§?1t§%?*}1§’a‘?’ﬁl‘§}% ﬁ@\?{é% llf’lltglltfiéoﬁnw ]:cjésjr{é %fdg?bé' 1ﬂ%1rqg)dep1cted

as a SiHcasmbp@haphi ¢ anal ysi s of cat al yt| c 5
characteristics of sanples. is a graph showi n

cafig Vit & seanbskwiag catalyéis Ckﬁraﬁe@%}% ok 2 SRl herair the ability
or Bl PR AR R SR e

as a funedbn oftimé. time. Fig. 7 is a graph showi ng catal ytic
characteristics of a sanple, wherein_the abilit .#O e
of Fighé& ixa 8508 Slecawaapat@lﬂlp ehrpgreristicgios & SBBP(G iR fhe pbility

of the! PMP%gB E?:t:agrh@ﬂlyc&uﬂlﬁe &bl 1010 A8 R e Bont@fhife EWNGLHIOR depicted

is a graph showi ng catal ytic
as a fdmetiac bEinst i cs of a sanpl e, wherein the ability of

the,s le tpo catal yt I di in. .

11 6 Q0 Eroaf A ioe PRy larSierieeE of P silelE-puishf g avitiey
of th‘éfsaltanEQo cﬂtﬁlyﬁbﬂly cﬂudh@e @09:67-@(511 18RO WA Bork@indh g COCin air is depicted

characteristics of a sanple, wherein the ability of

as aflm@tlglanf)ll@et o catalytically oxidize COto C®2 in a
of {g rl]St iaa_.lgrglplrl] %?né rc]atgl:yﬁc ﬁl’?ar% %Qxﬁ&foggf @?m?lef WhEleiPthe ability

oW ng

of th@@ﬁfn@ﬁ:tts lt:ht‘él}ﬁtleéilyocﬁmdizé @me:OMﬁeir fkbwfl cbﬁ’t&nﬁﬁ)g Ot in aiois depicted
t he san‘gle to catalytically oxidize COto CQ2 in a
as af‘!@%%@ PN ng COin air is depicted 20 as a

c haréclll ésr ':IQ gli h 1ﬁggatal fi bﬁaré&;cg{lgfl%ﬁ O?Egﬁ.‘rg@%, i@v?l;f/:?éiﬂ/ tHeCability
of the sample to catalytlcally oxidize CO to CO; in a flow containing CO in air is depicted
as a function of time.

Fig. 12 is a graph showing catalytic characteristics of a sample, wherein the ability
of the sample to catalytically oxidize CO to CO in a flow containing CO in air is depicted
as a function of time.

Fig. 13 is a graph showing catalytic characteristics of a sample, wherein the ability
of the sample to catalytically oxidize CO to CO, in a flow containing CO in air is depicted
as a function of time.

Fig. 14 is a graph showing catalytic characteristics of a sample, wherein the ability

of the sample to catalytically oxidize CO to COs in a flow containing CO in air is depicted

as a function of time.
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of the sanple to catalytically oxidize COto CO2 in a
flow containing COin air is depicted as a function
w@boosiosmss2 Fig. 12 is a graph showi ng catal yti CPCT/US2004/031265
characteristics of a sanple, wherein the ability 25
of the sanple to catalytically oxidize COto CO2 in a
flow containing COin air is depicted as functio -
of Fi K15 epgrgph 19 Wine eately i FastAmshcs o Sy, nerein the abilicy
Aty Wxi@zS @b B0 MR § TR e dabnial AD i air®d depicted
Ofthgﬁgr[@ghﬁe ?é&ggt glly%‘?cal 'y oxi di ze CO to %02 in a P
as a funotorcalitimé.ni ng CO in air is depicted as a function
of timp, 30 Fig. 14 is a.graph show ng cat tic . 1
crBizadk iyt Bers diogting e SaRP TR Oph B 1 bfeingpe abitty
of th Q@r{/\lﬁl@@@kﬁaﬂyﬁcaﬁ@tcﬁﬁdﬁké cd o) @ih Aifley ERtdiMnOCROIN ai is depicted
flow containing™COin air is depicted as a function
as a fufnctiomef tige. WO 2005/ 030382 PCT/ US2004/ 031265 Fig. 15 is

B PRi ST P i EPRETGHE0S B 4 Sufl PraR I abitiy
of the ¥huflhR o GktallyBcBGPoxidiz& CO LW CHR oW cght4iing IC@iin airds depicted

depicted as a function of tine. Fig. 16 is a graph
as a Gmetipmel &meal ytic characteristics of a sanple, wherein

tcgﬁ{gg ?%HZE{ %fﬁplg Slﬁvxgb\g CatiRR LRarhQeiBL &by bdnié, Ywhiett %1@ ability

contal ni ng Inair i's depicte
of thasadpleud chtalytically dxidiee OB ©.CQyinialcay gunagihing (oA ingir is depicted
catalytic characteristics of a sanple, wherein the
as a fctipR of ilge- t he sanple to catalytically oxidize COto
id 7 i3k BhAGEChArRctétidict hsté e@hen fhe abilit
b o 4 SRRGE Byl C iR Bt B £ SNAS PRnen e abilily
of theatmaplettb catalysicatt @rdige CEstodf Oninseftnt egntainingdi @ i is depicted
bility_ .of the sanple to catalytically oxidize COto
asa%@f@’h"ﬁ“‘?‘?ow containing COin air is depicted as a
fuped beRs Phraph BRowilik Gatafk¥icichardcteiistiel o heahplg, wabsiny theability
characteristics of a sanple, wherein the ability . of .
of thelsempkertp catatyticallit edidize @53 10,CQuxingh flaav cantpiging@@O if ajy is depicted
f.l Oﬁl coEPai ning COin air is depicted 15 as a
as a fypcipR BhUE- i e Fig. 20 is a graph showing catal ytic
ch# A0t 8¢ h faph Sh@hing caanpiceharatterigics of hearafie) mhgreimthe ability
the sanple to catalytically oxidize COto, C% in a. .
of the|sempledacatahitisall Cexifize 41Q to GOz {lqve gontaiging Fnait)§ depicted
f t.i Fi.g. 21 is a graph showi ng catal ytic
as aglhnacbggt%iétrlglseti cs of a sanple, wherein the ability
Fig. 22 is a graph showing catalytic characteristics of a sample, wherein the ability

of the sample to catalytically oxidize CO to CO; in a flow containing CO in air is depicted
as a function of time.

Fig. 23 is a graph showing catalytic characteristics of a sample, wherein the ability
of the sample to catalytically oxidize CO to CO; in a flow containing CO in air is depicted
as a function of time.

Fig. 24 is a graph showing catalytic characteristics of a sample, wherein the ability
of the sample to catalytically oxidize CO to CO, in a flow containing CO in air is depicted

as a function of time.
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20 of the sanple to catalytically oxidize COto CO2 in
a flowcontaining COin air is depicted as a function
w@boosiosmss2 Fi g. 22 is a graph show ng catal yti CPCT/US2004/031265
characteristics of a sanple, wherein the ability of
#Pe sanple to catalytically oxidize COto CCQ in a
ow containing COin air is depicted ction .
of Fig- g is pgraph ghowing pafalytie, Pla?aﬁpté)rrﬁéw A2 ?&?ﬁl pigrein the ability
of th{é@%@ﬁttg b.t%.{)’ltl f5ﬁ1ﬁzé@%%oz%%rffdwpcéﬂ?ﬁnﬁ%£di}ﬁ ait9k depicted
0 ytically oxidize CO in a
as afdrramonoﬁtlmenl ng COin air is depicted as a function

8;5}:}% d Fg%ph §4(B+11$1%%%tg]ﬁ%$ gha%aﬁétm}ls&%ﬁo %%a%BJrq wlhﬁrenb%he ability
of th%;lr%gr\%ﬁﬁrfe |c§taf 05’1?}1 Nidité €8 bY@Xh Al 7Sy 68At4iRiItER0 1 o is depicted

cont al COiIn air is depicted 30 as a
as a function ohtime. t| rre 10 WO 2005/ 030382 PCT/ US2004/ 031265

Fi g. .I's a gr h sho t el.h.Sti 1

ot Yig- 23,0, ool Rn CRALOR AR osf o REERR]GS PRt e avitiy
of tHeahmbe tb Galal yricBIx skidiee CO tb‘l?(ﬁm a ﬂbvacéﬂtmndrcg)@(ninmlﬂg depicted

COin air is depicted as a function of tine. Fig. 26
asaﬁswaogpébﬁwshomnng catal ytic characteristics of a

?}gq %§I1% 4 g ?h gh(gvl} ﬁg 29[%%\‘ %:Xh%gﬁ&flstfcg% t)gen?gﬁeﬁlrﬁ Stghe ability

of tl@@atn@leatbrcataﬁytté@ln)y ciigide CastoaCOyinct flon cmftalhmng CCFingair 18 depicted

is a gragﬁ@shomnng catal ytic characteristics of a
asa@gwﬁp&o rein the ability of the sample to

ﬁ%ﬁﬁb' 1§k} %g %ﬁ&vgl'ng gat it ‘Eh etidlicR of h AR tv@ig,?élﬂ ¢he ability

air unction of tine.
of tk%&an@leatog:aaﬂbhlcalhy)mldge 6&1 wl @@1 in afhew aenteimingg CEBinodir ﬁ ‘depicted

wherein the ability of the sanple to
as a?‘é&@f’?t"f&‘%et y oxidize COto C®2 in a flow containing

COEi g 391k a'gﬁpﬂ%ﬁb@ﬁm@@ataﬂ%c%hﬁrﬁﬂ@ﬁéﬁb@ 00k shinfple, wWhegein 28 ability
is a graph~“show ng catacytlc characteristics of a

of tfwzrpipéf; towlatal gically busdab idQ to/COpin 2 fhew semfpining £O in air is depicted
at a ally oxidize COto CO2 in a flow containing
asa%ﬁ“ﬁ“ﬁ é’ff?nf}s depicted 15 as a function of tinme. Fig.

30 Hig. A i§ El%Piph&‘sh@wnlg@aﬁﬁttﬁ|chhﬂa6teﬁ§ta:rsaxfheﬁnrqﬂd: oghenéin ahe ability
sanple, wherein the ability of the sanp

of tlmamq foccatalyricglly exigize &8 tC0op ¢ How C’PP%W”&S ﬁ%%iwlﬁgf depicted

asa%&tﬁn%lfrnﬁds depicted as a function of tine. Fig. 31
grap shomnng catal ytic characteristics of a

sarmg €32 inhergphrshowimgabial yiticycharacteristics of a sample, wherein the ability
of the sample to catalytically oxidize CO to CO; in a flow containing CO in air is depicted
as a function of time.

Fig. 33 is a graph showing catalytic characteristics of a sample, wherein the ability
of the sample to catalytically oxidize CO to CO; in a flow containing CO in air is depicted
as a function of time.

Fig. 34 is a graph showing catalytic characteristics of a sample, wherein the ability
of the sample to catalytically oxidize CO to CO; in a flow containing CO in air is depicted

as a function of time.
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20 of the sanple to catalytically oxidize COto CO2 in
a flow containing COin air is depicted as a function
woboosiosmss2 Fig. 32 is a graph show ng catal yti cPCT/US2004/031265
characteristics of a sanple, wherein the ability of
Hﬁe sanpl e to catalytically oxidize COto CXx2 in a
ow containing COin ajr cted functio -
of T A8 Saph ghovgag i sH HO AL EapalpyTRGex e abiity
of tf}%@%@&ttg 'E:étﬁl{y'u&ﬁgp(g)il@izé etPboyRer W c&ﬂﬁnﬁﬁ%@ﬂ) §Vairab depicted
ytically oxidize CO in a
as affthmmmohmmenl ng COin air is depicted as a function

8; gflé 53 %‘1%?]6 éﬁlﬁg%@tﬁ#ﬁ? Ehgraﬁ\é\fpsgﬁﬁ %f‘ %a%%ll ey l%ere:lr&he ability

of tﬂerb%mﬁﬁrfg lcSrafyBicRB] Sliizk €@ doYCOXindi A&y C8AthiRig@O imadr is depicted
low containing COin air is depicted 30 as a

as aﬁ”mmpnoﬁtlmﬁ time. 11 WO 2005/ 030382 PCT/ US2004/ 031265

%ég gg%r‘x grap&ﬁli‘c?@n ?t‘éﬂgﬁ%gﬁ@%?tleﬁgt g ?E@irﬁ]gl'é e\iifhéi&ir? the ability

of tlféastaﬁiplét to@adalyicglxy htidiee CO tdll@gcil d flow ccf)ﬂtmmgc(m)am aiinig depicted
COin air is depicted as a function of tine. Fig. 36
as alencélogpépmeshovm ng catalytic characteristics of a
Ca t a¥ g B.is. g{ @h gh&\gﬁg Qﬂégt&%h%%%@flsﬁﬁ%f §§5ﬂ%{él§n\zv§?rﬁlnr1] éhe ability
of tl@ahfpl@ﬂorcaﬂabyttd&]ﬂ)y ctidite G toeCOpincd flow coftaininpeCORR giir Bdepicted
gr a&ﬁéshowl ng catal ytic characteristics of a
aSﬂﬁHﬁ*F}Sl"é" rein the ability of the sample to
¢ atﬁ% Yoli§ Q?Jra\f)g QS Wi %a@@tfe%hﬁi@gteh@u@ of h QumpRNAEBiAthe ability
air eplct ds a function of tinme. 10 Fig.
of tl@fﬁsmlatognaabmcaﬂymmdgem td GO: in flay senteining ¢OJn gfir i depicted
wherein the ability of the sanple to
asacfg{a 1°§7t°|f881‘3ty oxidize COto C® in a flow containing
CO P i a'gﬁpﬁ%ﬁb@fr@@ata@ﬁw&:hﬁt&@féhb@d% Pt shinple, whegin 3 ability
is a graph show ng cata(gtlc characteristics of a
of tbamnnpéq towhatal wically h@dm@ tq/COpfn ¢ flewsgpgining GO in air is depicted
ti.cally oxidize COto CO2 in a flow containing
as ac%’%}?%aqunfs depicted 15 as a function of tine. Fig.

40 ]Fl A 9 ﬁ%})h&h@%ﬂwa@aﬁtﬁ qn‘aractemlstiafsarﬂaesamia, whergfinghe ability
e, wherein_the abil of t

of tbgmllgl@ tocsfalytically aRidize & E%CW P floy @fq@wl%ﬁpalﬂ’rﬁlﬁ& depicted

linhes depicted as a function of tine. Fig. 41
as qqgn&t%n$a6]ﬁ{ Showi ng catal ytic characteristics of a

sanpikes2 whergibnshbvingadaidlytiocharacteristics of a sample, wherein the ability

of the sample to catalytically oxidize CO to CO; in a flow containing CO in air is depicted
as a function of time.

Fig. 43 is a graph showing catalytic characteristics of a sample, wherein the ability
of the sample to catalytically oxidize‘ CO to CO, in a flow containing CO in air is depicted
as a function of time.

Fig. 44 is a graph showing catalytic characteristics of a sample, wherein the ability
of the sample to catalytically oxidize CO to CO; in a flow containing CO in air is depicted

as a function of time.
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20 of the sanple to catalytically oxidize COto CO2 in

a flowcontaining COin air is depicted as a function
w@boosiosmss2 Fi g. 42 is a graph showi ng catal yti CPCT/US2004/031265

characteristics of a sanple, wherein the ability of

the sanple to catalytically oxidize COto CO2 in a

R ER RS SRR AR L S
of tlﬁ@ﬁﬁlﬁfettg rcht%klti‘é§ll§95x1ﬁlz§W{OQOM%%VV‘ cbﬁ‘t&nﬁ%@@tﬂl a0k depicted
he sanple to catalytically oxidize COto in a

as aflllrrwpnofmmﬁm ng COin air is depl cted as a function

cnEi B f stiph oy s R SGAEN O SFh St wpgroig oo abitit
of ttief&ﬁr@m@ lcgtaly@icaRy akivize € toyCOXind fZ@w Cohthidifg@OIiRA 2 is depicted

flow containing COin air is depicted 30 as a
as afw@piléﬁtlmﬁ time. 12 WD 2005/030382 PCT/ US2004/ 031265

b 35107 L AR RS o
of thé&hﬁhb}ﬂﬁ)@:aial}mcaﬂy dkidize GO toocCCOA 4 filove cohtainigpo@Odinrainig depicted

COin air is depicted as a function of tine. Fig. 46
as affunciopphMeshowi ng catal ytic characteristics of a

Sa'ﬁ’% 9»8_1%"@? a?h@h&xbﬁl {Ca}tfc%hal%ct@ﬁsﬁc@ ®f §§ iéﬁ %Berein the ability

cataf'ytica oxI d in a ont ai ni ng
of t}@@ampleabrcaia‘oytnteby okidite G teaCOuimct flom comtamurlgeCOFimgalr 4 depicted
i.S a showi ng catalytic characteristics of a
asaglgﬁz‘gpg aﬂ@rein the ability of the sanple to

Catf@é yoiic al ka)bh‘%ﬁbﬁiné%aﬁ@tfc%h%ehﬁc@ of h@%ﬁEnWﬁbe1ﬂ the ability
COin air is depicted das a function of tiie.

Fi g.
of tht@ainpletogatafitice Ry kidige 20 & GO: tn afhew genteining COsingir ig depicted

erein the abilit of the sanple to
aSﬁ?‘é‘%@Wtfﬁh Iy oxi di ze CO tg C2 in a fIrTEW cont ai ni ng
COFig) 58ii§ a lgﬁapﬂ%ﬁbwhfgctataaﬁmhwa@ﬁsm ofh shinpR, whiegein 41 ability
is a graph showing catal ytic characteristics of a
of tmpge tovgaeabically méldaz@.@(g {a/COpin & Hew sapginang GO in air is depicted
ly oxidize COto CO2 in a flow containin
asa%c%n a%flﬁﬁ#s depicted 15 as a function of tine. Flg
50 H1§ 54 19 apiphshowinagacaytal cjahnacteﬁktajsaxf heampIeL wheddin ¢he ability
wherein the ability of t

of ScORPYA oAy BRSS9 1300 § HOW SPTBII BoP il depicted

asa%dh%n%?'hﬁds depicted as a function of tine. Fig. 51
is a graph show ng catal ytic characteristics of a

S arﬁl)g &2 isvh grmhmhbhmgaiatdlyttc;cha@@tensthshné asampleewherein the ability
of t}%aa tt:occ%lra,lal%lf@gy gfuélaze% tto (3802 th 4 flod cf01|1t(e)11V¥11r(1:goebafnnalr 2 depicted
as a function of time.

Fig. 53 is a graph showing catalytic characteristics of a sample, wherein the ability
of the sample to catalytically oxidize CO to CO, in a flow containing CO in air is depicted
as a function of time.

Fig. 54 is a graph showing catalytic characteristics of samples, wherein the ability
of each sample to catalytically oxidize CO to CO- in a flow containing CO in air is

depicted as a function of time.
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as a function of tinme. Fig. 52 is a graph show ng

catal ytic characteristics of a sanple, wherein the
w@biosis0382 of the sanple to catalytically oxi di R€I/O20040031265

CX2 in a flowcontaining COin air is depicted as a

function of tinme. 25 Fig. 53 is a graph show ng :

catal yti.c characteristjcs. of a sanple,. wherein the -

bifEnsy € sErhan el dicahn B SRR PAaRIeS Tiere g abiit
of es¥santplétd da@mytecany akidiBLEFS CO, & 4 flow BeRIMhEAO0 iabaidis

functiion of tine. Fig. 54 is a graph show ng catalytic
depistesras@tfun¢tinn ofdinggft  sanpl es, wherein the ability of

n sampl es, wherel of
P ouE o 4y SNl oA i FiotBirftng abiiy

of e@dh dainifte tolchtdl{RicA09 ok dBR I8 tdACDh, WS 0W/DBdtkatbg EOgin &ibis
i1s a graph show ng catal ytic characteristics of
depigtadasafunciipaofiting he abiiity of each sanple to

cat@l vd- ;cal [l | i.ni -
Co ] 5 oLl g npR e s Rpg Wl e ability
of ehch sangplapheasdipidatly oxidizal G@ tcCOh ar aflbwrdostainisg 60 in air is
sanpl es, wherein the ability 5 of each sanple to
depgquae}Sﬂﬁug%{qqnsp%&{lpedi ze COto C2 in a flow containing

COFiP. 44 i al api@BlvEleQtabiichhtiBietis@dd d¥fa dahiPle, wheein e ability
is a“graph 'show ng catalytic characteristics of )
of tisasaphpds fo eat@ytidaly ohidizai taq GO, of a Bawirogtuphg CQoin air is depicted

talytically oxidize COto CO2 in a flow contai ning
asa%‘%ﬁ%aqf&@es depicted as a function of time. 10 Fig.
58 is a graph showi ng catalytic characteristics of a

sanpl e, wherein t heppRILEDYDESERIPEION™! € to
catalytically oxidize COto CO2 in a flow containing

CO 4y, air . i . ' ' .
2 B ol 50 e B PGB TRy ST EHER o b
exhhieB or anlimask inbediohed the pacdiserfoims diselnsteldnttiee foll owing detailed
exhaustive or to limt the invention to th% Prﬁciseid .
that others skilled in the

desqragtion- qaghar dhesanhadimens 415 1cheirn 7§ detcaipd &0
art %gz géélg%l @%nd?ﬂ&&?tﬁn%@? gﬁgg?ﬁk gg@ Pﬁcﬁéé% FRSFBsAR Invention.

o) at ot n the art nay
Whilp fhregoeseneinvantionnedidrtetdasmtibet én fheispediific esntextbf gollebassdsatalyst

of the present .inventi.on. 20 \Wile th resent

sySRRS eI PERORIEIO! 8 TREEHPD e ppheatEto Rl bystens appell
gol ﬂ'tﬂ@%&@ti&@éﬁhé’ lesen$ S/ERHGh, cAthS B4l WkiRk 851dat d&P6sited onto
i nvention are applicable to other catalyst systens as

the desited shppart(s) ysingathiysieal orperieppsitem nPhysivabFanas deposition refers to
the %ﬁ%"i‘éa}f E[riaﬁs erI 3 g%f& }r&% a %héj—cci)ﬁaigﬁlréosgliutcg %r 93%&9 to the support.
Physical vapor deposition may be viewed as involving atom-by-atom deposition although
in actual practice, the gold may be transferred as extremely fine bodies constituting more
than one atom per body. Once at the surface, the gold may interact with the surface
physically, chemically, ionically, and/or otherwise.

Physical vapor deposition typically occurs under temperature and vacuum
conditions in which the gold is very mobile. Consequently, the gold is quite mobile and
will tend to migrate on the surface of the substrate until immobilized in some fashion, e.g.,
by adhering to a site on or very near the support surface. Itis believed that sites of u

adhering can include defects such as surface vacancies, structural discontinuities such as
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the desired support(s) using physical vapor

deposition. Physical vapor deposition refers to the
w@bopsioasB2 t ransfer of gold from a gol d- cont ai NPEIYUS2004/031265

source or target to the support. 25 Physical vapor

deposi tion may be viewed as invol ving atom by-at om

d iti [th h i ct ual tice, th |
step DR HRERS, OB B LORRIEIE DFMSED BRRIFLE SUTGE i BEPhc
spec{ggg Flgph r#g'}%ﬂﬁll%f‘d ahQesp ri% Eﬁﬁinct??ﬁ@nt@ée dthge Bvedtamahattthe

I nt"eract wt e surface physically, )
deposhahgaldis iyjnmotikidedaiffeytiveinoy omamidrén whish thergpld refains a high

vapor . depositi typically occurs under t e . :
tevel et ann 98- e dones s SR ool Nt FRE Gl in which
the %‘Pcﬁdcﬁmu SROUEEH laYae BaRs ARt G afabytid Wbt Ety® Rhdhely @Bghpromised
tend to mgrate on the surface of the substrate

or eventlodt. i nmobi | i zed in sone fashion, e.g., by adhering

e
to site.. or _very,near the rf. 4. J'S
boiPedat R gt p L ahiing SRES e a8 Rpanition
RepREGhatAg a?ﬁfofaé’rfe@ INACRNDUEE depbditied, wvalorationcant dathuidid &
syph as 14 WD 2005/ 030382 PCT/ US2004/ 03%3933 st etgls and ¢
depaitisino datyi @ kese on papr RYPAPPERSGhSIPAERS et vitepughie gatugy o

| r. Les: .
the (VBT Bplo8 o S mfR FralRRELERCE ol i fanbiith; Bk ol the
phydibvapdieepsheimsictiatqgalsed Ea impaobht iobilitgfahd bencegeydengy to

a manner in which the gold retains a high level. of d
accugalaleyRT e SRPOPIACkEPId THIEREY SnesmhtPdip eamiops L increase
tendglq Y g&i& ko E@C'ilﬁx‘ﬁ%yh ngl%ﬁsédrhc%}hﬁl@ti&,‘il'i‘ﬁmﬂ%rﬂis_to reduce

C urruéa es I nto suc arge bodies that catalytic
cataByitiavti tisy. i Generedly the coengy ofitheattpositingspepics sdowestiier e

evaspagin. teuant oRe Sqrepe SRk R bR S elON BBl which o
smag. RG] 088 ﬁﬁp{x}gﬁg mcRH APETiSe 4r6 foniZAY agahiphedtdod¢athodic arc

eposition. Any of these or other PVD approaches ma
(whivh meye, sea¢rehiodof peresnisaf dpcastentd Agrerdmalyyiba partighlar PVD

used ¢ | mpact, ¢ LyVtic IRY]| | : ,
e g rdePRa ec s et MRBBiobe ik dePRHARE b
usefub®disE @ PVIIRRBAIqhAIES 1686 ndryy indledd.hence tendency to

accumul ate, of the deposited ?_ol d. Hi hlgfr ener.g t ends

t o Rhysicd spperdlepesition geeradlyded ling @E%}élﬁgs‘/‘ 8¢ §93E égchmﬂble

%5 C U ' ces
s LA S RS Sl P LA g Bt
of tﬁd@ﬁﬁ@ﬂﬁ,ﬂﬁﬂt hotte ipecpass well hothesthefsabstia s, avdioetht ¢asted. Inner

surfgéﬁ% nggﬁ{ agcij{e% ﬁltl%\%[{ Séa‘l% qua)lsthlﬁ gqg]urfge\‘r/\g@f {égﬁ%%tftlo trl])% lélyrggtlysgo%?ed with

gold, nﬁg\gg\i/e?,gwé"ﬁ‘&\%l fm EEMBARL s thAGHkr dépagitibh ohelsd surfate of a

cathodic arc ( may be ‘several tens of percents
por@fs substrate teegrld atoms can diiggiehy diffusiop ar ethemeghapiyp some

moéq%%g Iallnsfqaglﬁq }/nl‘s(glhgzgglf}g ssulrfatgg é)rlogie ezﬁgé?-b?ﬂi?fég grécggéihllg texs in
the 5@ERMHe Pufes 3h tHeGB S8 irBRLAEIE]Y AFaRAtko the surface before being

immobilized. The average penetration into the porous substrates can be up to 50

nanometers in depth or sometimes greater, such as up to about 70 to about 90 nm in depth.
In general though, the penetration depth is less than 50 nm and can be less than 30 nm.

The gold penetration is very shallow compared to the typical support size.
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20 Physi cal vapor deposition generally is a line of

sight/surface coating technique between the gold
waeowsos3snd t he support. This means that only PEEUS2004/031265

exposed, outer surfaces of the support, but not the

I nner pores well within the substrate, are directly

CoR e L SR e AU gl s e
thlcléﬁleés*bf t@@g&id tﬂ'ak?‘fked%(mté&%nhﬁé/ §urfa@8 BEthB Yu skt cadmal th & Iﬁls not

hat after deposition on the surface of a _25 poro
peneﬂ'atadfoyahfél,lswm eTlyo tatalghickeese isrin gerpraltless phandiG mg g ﬁaa roften be

nmechani noderat e . di s
s B B SLPH 0 RO TR0 R Al EA% A wpgee copt
is gr&dttiSth&d SHdub 10 b0 Do, MtiRd @tab gbldshickndsk ear’ &Pearto be greater than
i mredi at el y adj acent t'o the surface before bei

50 ninwinssithe geld 1ayrsh Eolkpyesrthgyeonseuie o the PwHAG 6 ﬂ%%ct‘g?g P ace
e r
50 B e R BRI g
activerBoldispdeiet be c3lectenl q@athe vatermdsopgition bhithepatabytst particle smce this
depth is I ess _than 50 nm and c@fg be. | ess than 30 nm

is therh@ffgé lof theeaialysh thap Mteracty gogt e}y Wil BBHPETEECHESt he
ty QA B53HS8Aalyst 1t particle size is
C%%@E%?%%&%gb@%ge%o Wl?rfghl ckness o? yg h83p5%| 83 o
quarf@ifiediby thgfoaiuiao t he gol d penetration depth plus the
t hi ckness of the gold that is deposited on the surface

of the substrate and th penetrated by
di ffusion. This total ﬁﬁggﬁm is in general |ess

than 50 nm and can often be |ess than 30 nm or even
wheteis EDRhla ﬂlea@nnmtlcmﬂqmﬂt 1819 VET ithe wedeslyirauppes igkness or

whose d

parE R aCigos oAl ienuee of I kb akbertidapEbho Bt Msrlyine
suppt tRIBkEERGErehatant dizk ay@e sipottamsndabeed peﬂpemxhsularf td the
surface and the actual surface contour i s refl ec

catabs%t surfacp enissisnalbtindisativeaf prticlod%estedndprlying S thickness
may e R bict A Gop P ks SRR DA SEmR, LOpY SEicBlinine
elecibh &Bciobdopy. The tvhkme Soir €,aney hefdetdnmmrdtbal tyegisissian electron
micraiFeRBSE GPe PHEGHR BN FagnerT Fan sk gRegn PRgCopy in
o GBS BB TR e i Ly B

inspaamﬂnfrmmmawsarecmsetdfdmnn@nnw hy “émlilpgﬂl‘ﬂ 1t qeitedne single

e.size a e tal S .
reorgunifiRd EH Pisien cabByereeii BBy T R e (s b Mot
samkgs' rﬁ%;nﬁé S ERER T RRtastelinQl vih farfihatidifofaUipdich o TEM plctures of

as per pendi cul ar to the catalyst surface._and

i S
catalist sirface |cm$wmtme (\Gfla indtia). | by peeferrod emmm@rﬁ@e?P% 1540 the range

o GUERBH EL5A 7S, AT ST SHPEERYS ot
regi®h @£ drQ thiflikdeod i:‘élﬁtjlve td ltalwappuat thivkneds. desynoe above, this

determ ned by transm ssion ele
generally corresponds,y to a penetration depth on tﬁe orcfgr of up to about 50 nm, preferably

conté%ﬁé%gf% 1%?1

about 30 nm on preferred supports.
Characterization of the surface region and the gold bodies is accomplished using
transmission electron microscopy as is well-known in the catalyst art. One method

suitable for characterizing the catalytic surfaces is as follows: the catalyst partiCles are
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m croscopy in the case of thin filnms and high

resol ution scanning electron mcroscopy in the case
w@booshswsker filnms. The total thickness C is vVRCHUS2004/031265

easily discerned fromvisual inspection of TEM dat a.

Because of the uniformty by which gold is coated, a

embgegie oM SSRTRRRRE Blaching HpRn B Hibria M ospanftn B0 im
dlsp9§c1bféc érﬁl%dldiﬁglc&i p &I RE#GE hﬁ(%jed/ﬂo%u% 'i‘b&ﬁtté:rﬁ[ﬁbr&ﬁreefor 24 hours .
mber of T ictures of catal i;ft surface

cr dFs»s e@dacsamphsa tandoia, embedaled granulsrie frimmed (with 8 diaindess steel

razof P Bacy oy e By Lopt SRRt el Pl oy reion

of tHaQdrehi3é ﬁidh thdt eSO ths gmtﬂé it blhtFaWa@dmeﬂle rsﬁiealehv&ﬁg tpoxy on the
total support thickness. t ed above,

on thpptberifds, 4 smel spprraid- %f@p@ﬂ f@é‘ﬁ @?%Sath%% hejé E{illliﬁkﬁ’??ftoﬁé side) is
oG55 e B0 SO B SHRRE  thghoth i
d11ed5t&gi (Eﬂ’thla figteifice ig e)lls@i theaditay dicthac ofileicali@daus iUET microtome

(Leien MRyt ngy Bamssoiy Woa dosorapsaesin he fe. The face is
VWS¢

o SEAEAEE U 00 I ALY G Gyl cion

appieCIh A3 J04MOBILR Gfe eibeadspedd pH0.98mBrsrcond aEheps/pections are

El e hrl cal. Resi

sepaipied by S5BLENED ERBRA ROLCE ha et Ptk el habopand

pick%HEg u§itngra°@@?f&§'m8§’ ng%fdlfs@l'bu%ﬂ ®1ESEran ﬁQﬁos@WScwnces Fort
e, a random e granufe is trimed (wWith a

Washington, ey Sanepes are ransfeiichda tis lwpcs@gﬁwm disgetar, HOpesh

B

cleaﬂllyadﬁt OpeciéhsShoWing teaiterthcRP Pgjond that fie over théiRoles methe
A smal | trapezoi d-shaped face (less than a half
Sub&ﬁaltq ﬁlrﬁ"émégedd\ﬁd&nﬂb’%}‘él) is selected and trimed such
th
ol SRR PO BLELIALE0 el A AR TRt
H- 9dO(D &Gﬁﬂnﬁﬁ&oﬁeléﬂr@&m&danm{ffEM}'HMchr Highrfﬁ:ch(lchleglcaAmenca,
M crosystens |lnc., Bannockburn,.

[ d
Ple?@?@@%» Dot PO ieleans veiaes e 7 Gaigy (5B atndia Giatag -
ztan& b%@[ Ridb §ra§h‘ bRk Se WR% RESRANGI EHbR (rdRordshBlected

ectl ons ppr oxi mat e y 70nmthick are cut
whad:m ahesmeaeﬁcobf he ©8eﬂrytls em@m is habecwoynedbins fashéon

y fl oa dei oni
PCTIFQB}CQ gqjthﬁ Pﬁﬁ@ce i) ehlgfqge% gfllv\@rﬁ%d mgalﬁllg IS and sample
1derH§icQQor% ar&plat&Cdn daoR Bnagd QAnétbed (SI10Vinestfdesal FHetuts raﬁsn
M croscopy Sci ences, Fort Washington, Pa). Sanples
exaginedt r ansferred via this loop to a 3nmdi aneter, 300

e t&? %)gatnip 518 $ﬁé T]E&Mng#s b WC&Q g?d'ets %]Qf{ fa%@%‘htaﬁ@? @é‘[a]]yst surface

of tlwprem &l veBtish @Iinmlam of &twenplad eis khewaln Figol. o"ﬂl)e gdldt I ie

over the holes in the substrate ar e | rm% %
nangpgyfiglgeean be seen to be both on the surface of the suppo 2 51 the sub-surface

region of the support. The region containing the gold nanoparticles is very thin and the
gold deposition can be seen to follow the contours of the surface of the support.
As a consequence of line of sight coating, the resultant catalytically active material

of the invention from one perspective may be viewed as nanoporous catalytic supports
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| mages are taken at various magnifications (50, 000X

and 100,000X) in a Htachi H 9000 transm ssion
we@b@swnsws2 m croscope (TEM Hitachi H gh TechnoP@Qiugm04/031265

Anerica, 20 Pleasanton, Ca) at 300KV accel erating

vol tage using a Gatan CCD canera (Gatan Inc.,

VWarrenton, . P angd . Digital Mcrogra sof t war e. .
havipg gl i st egfhé?@tw%ﬁ, Aty %3;@59@ gna RHEPBRHothelr outer
surfaddb ETHAGE aQbsuliBft GBI RIANY Gotpe thaeRallcBmPliSArd sol@¥RARAd

I'n a fashion perpendicular to the surface of the
regismprokie)al 40 theismefgercand@al interiat wgiomepkprising magligiblgigeld. In

ot S S i P T 1P BoS 35 i an L e on 10
nm, %osa?rEEMHlmaﬁtkﬁﬁ 5ohr6), @RcrefLgld Bodied. a representative
catal yst surface of the present invention (materi al

of Tbg swehéveyppreachivhfprming Fraalyticallyrastiyeshell region only on the
nangparticl es can S t :
surtf Sy ST P T AL S 1ol e
cataBjie Pfitdrial, d, thegifes, e fdcaitat thg redubtagahadend iogacdrilgliedly
is very thin and the 30 gold deposition can pe seen tﬁ.
g Rynctigglity

actiYeqis B $HRIIEBHt oRFCicElyt e PEgentaARentien pyfs caly

oo By FESSMENRT ghy18:8% Y 150 Rlout €S .
Fromaneopesnsipagltpevspective, it aeamepwnklas tanadepuiliae 8 nemdpirgLtsisspport
. supports_17 WO 2005/030382 PCT/ US2004/031265. havin

in (e PTG RpOPHE IS B APSEGHE A SUE SRR AL the

supﬁﬁg{ @8, Aoty Enxti dTRl bitaé)nﬁéllﬁ:hﬁv@l%eﬁ lto use AdHpBfous Fiigstrate when

a resultant catalytically active materi al
depesitiny dasdytically ek tiver gadth ostioel suppere gTlam igmspsdiatl the gasetyghen PV D

s o PP PLEAL R gl e R TR P30 AL Sl fyeniton
ovefcB ke OthiCRAPIHrGH théBdrhbined Asyrédidtion! tBa 1) fd niddilfty thighly

most preferably |ess than nm, discrete gold bodies..
restiitted pthersutfoes efppnepeRuLTIPPRIARG (% eokkia sy reialyfigally active

active shell : . .
evof A AL E L SRR BOLYnRBoblie USSR W donch
ConébRntlig ueing Buctgsuppoits Batighly bhd unigtety badefictahih the context of
therefore, the fact that the resultant naterjal ifslso .
depesiing galdl enio the suygkace \9@1@%0%1%11@13@19%?%9%5@11 though full catalytic

Ie 1] & - nt invention puts catalytic
Cap?%gtﬁc%;fFﬂgﬁgP#%?lsl%%gﬁ{lg&ﬁear the surface of a highly
por@msradlyppiorsical vapoedémsitipopoefetaplyiis perforpwderhyilethe supgort to
From.a conveptional perspectiyve, it see olntless to
be tiRAFaLPTIPE FEI AR Spor BT, ghreed piiBe fRe R RleeSiie bl
partfSiOWrfided i}@tald&ﬁltatéh%’ tréfidl. | Medolid ¥EufBliad phificle® fd¥Qleposition by
a

deposited only he support surface, the )
PVR ereveentasizat ibUsS Bai.gfa. 46d8S2be Epr methgdespacifisalbndistrsed at

ubstrat.e deposi td,ng. C ' =Y

caipeR S Gpar e DR BT RSt ErRFSpRabE AR or
Catdl9sib, V1083, pab@ 470-470q¢$83)tahe Calrheéti 20U S1fPat. 0. 404617 2. More

support in any event. The present_inventi oq )
preferably, the support is both tumbled or otherwise fluidized as well as comminuted (e.g.,
ground or milled to some degree) during at least a portion of the PVD process. This
provides a degree of mechanical abrasion of the surface of the particles and generation of
some fines during gold deposition. Our data suggests that catalytic performance is

enhanced when deposition is carried out with comminution. It is our belief that these
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overcones this bias through the conbi ned appreciation
that (1) gold nobility is highly restricted on the

wa@obasssnf nanoporous supports, and (2) gol d PEI/BES1004/031265
catal ytically active even at very | ow weight | oadi ngs
resulting fromthe surface coating approach

Consequent |y, using.such .suppor,ts.is. highl d . .
ProcERP - LEREATER & Bies A ICRGaRicbintesr gl s i ey with each
othefl GheRBS etdoBvispbf @E SesiRiflk 0MaRkt RalBARIQP WIAKSnot HaFHAE to be

even though full catalytic capacity of the support is

bourbhy theotyi wedelickeribatih¢ linesprgd e higherpoiaceiapa &thigher activity.
referably i rformed, whi he Ror
presRsEE of B A e P o R 1% e
perféindnb€ | i ke) to help ensure that particle surfaces
are adequately treated. Methods of tunbling particles

f o he &Gt of sFhspIEBInRNgD 4Roa tag semaliany sifach Charaotepisiics of the
.Eor. i i
catalf syPoff Beid S e lin TN s RE 1 G0 Y uE e Reb R
conthipirfgRhSpctivating agedts dfotie pakend invefladm ltyesTEMs Yeveal 88,presence of
pages 477-479 (1983) and Cairpns et al U S. Pat. No
a uniguggyomhpse RS gpﬁ?vea HbFoPTEH@ag s 4nd Oilbws of gold and
carb gﬂ%bﬁs‘jmgtrerigf a‘ﬁfh@“sﬁaﬁelo@' il HRHcGReVBirdiclS 1§ N PBsBBicaHat the

ground or mlled to sone degree) during at
mechansd] aetigpogivesonsedd thikeniBWEstpicore sscarftnase@B matorialdesgn gne

degree qof chani cal. .abrasi op of .the surfa of .t he
erangfics FapdenSnan garer e Comeg e ed b mthed i o rphitg. Tois
nandl8RAP te O gofdMctidaich HeRIRE Carbbh 8éeriafoddoyids€a very high activity

performance is enhanced when deposition is carried

for catedysis ofHCQmaidationi on. is our belief that these 18

It
/ / i .
goR I B T SEn TR0 P ERRaR A PRRERs e B2

and Bhahghappgattk 110 igdedes abbligig 11 defirtas £ sadude cehiber 14 codtaining
the resulting catalyst materials. Wile not w shing to

a pagicle pgiiair 19y hedpsing b Weh gy be made fiom #@gnwegll%f

desiwdggearv&éféaﬁg 'e@feﬁ%ﬁ% cgﬁ&ﬁ? 49Gh }h}’ght ahd 50FE S\diameter). The
suftace areas of the support are also exposed, and

basd 18 contdighi padt 20 ferthiziple eadiumegatcovalen22follbwed ibypesix-ingh

...such conmmi nuti gn upon the resultant surfa :
diffiepon BHPR A 88 iweﬁ S ot SAPES Sty R Pe T Ghfomber 14 s
capabl@of b PORIHRES to BRkEDBEnFHESuRs ih BR @R8Loom Gafrbon

contai nihg the activating agents of the present

i niettopaf the heusimy/k?2 nslugas a déreoytadensebesil-gaskefficglgd plate 28

t ase structure believed t.o conprise nano j .
i R e
sourc880 $A UKaGen Af UShEN@ oS £ TpaltCd). datotth€ k@sce 30 isifastened a gold

possi bl e that the mechanical action glves rise to

sputtaritargei 2((7ed em(3:0tinghe dismetes X Sbaea 6340 frghe thigy)- flihg gputter
. Le. | f . .
o139 EGORIE 5 S R,REH, 18 Py e i, e

Fort@6lin€ @Pofittddewdh ag alcdhpmtdsitatSparc-RPONA damttedEreogy Industries,
ens to possess a very high activity for catalysis

Tne. Forces s 4o on.

The particle agitator 16 is a hollow cylinder (12 cm long x 9.5 cm diameter
horizontal) with a rectangular opening 34 (6.5 cm x 7.5 cm) in the top 36. The opening 34
is positioned 7 cm directly below the surface 36 of the gold sputter target 32 so that

sputtered gold atoms can enter the agitator volume 38. The agitator 16 is fitted with a
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15 An apparatus 10 for carrying out the preferred PVD
process is shown in Figs. 2 and 3. The apparatus 10

WO pb08iB82 a housi ng 12 defining a vacuum chanbreT/1&2004/031265
containing a particle agitator 16. The housing 12,
whi ch may be made froman alumnumalloy if desired,

shatl o Rigeg i kil At 40,028 SHSEENAL GRESieRESTUGETE 1 om)
to whf2hfa8¢ batedifohy r\é&‘a‘l‘i’gﬂ?ﬁrgﬁ&ﬁs M@ kot@cr2frh @hlagWagbni¥echanism or

Ssi x-inch 20 diffusion punp 24 as wel| as a support 26
paddle wheeldfopthe tsiyprioat mgmqlmbwnglt@mbﬁde Tedirdss 42 gaghscontain two

noef 8955 Bl B0 BT 25t RS U g RS Vi
contlaﬁleh W@aﬁ:h%f dRreuRBats oLy the Hhaked? sedl @i calitde? 16.
that is fitted with an external mount three-inch

The diramcms ofitherhlasisa ti? aie ssleateddp siyssisisiand sad gapdisigaces@f gigher
2.7 Igél Guf' ene&llf{% thé %a&g%@a@a : S?tetféfr@%d ?hgéso (f%\@%oistﬂﬁr %ﬁ%égls are
desdnfﬂaedi]beldmmmeaerxam;)&s% cm (3/16 inch) thick). The

MOk R, D T
perf 11ch tof u'itﬂl at st AYBR &P Hﬁd@ﬁiﬁﬁlﬁferl tﬁe 3&})port ggi'tlcles

vance nerg I ndustries,” "Inc, Fort 1 ns,
will hlaee paretates tendamgiyttabe grobfd its samedégresy Siptd Snldb grl(lcllzg tyhelieved
| ong x, : m .di anet
to bg Beegisbichs £ AT éwt%ge §apsiB shuke it BiRiipgogeyp. T one
prefaifed Hid8e %egag Rkhs §é‘t at hiSou @lﬁ:‘ didAB8Fofth€ Busho {¥eshebevoated.
the surface the gold sputter target so that
s plRhysicadagor cuspaslbmsm@a he earried opha aa ﬂpﬁteértemmr@m@(@@ver a

Veryyé%ea 14 gt ({%ﬁivg% Iéhs’e %‘g%)%l%%@%ﬁc* maﬁbg‘% w%ﬁglgééa%il §%‘r‘|§ the gold

is d@d@@i&éd &Qelﬁﬁiﬁelgldwe&hﬁpeﬂitdrai cQ., 08 3 tanpdratare felove about 15@1@
whi ch are bolted four rectangul ar bl ades 42 whic
prefmbm batow gbeus 0 §n mrRse REaterabhy 6 amb?&ame@m/f?@g? (§-&r al%OHé 20°Cto
rt

o 5P b B kR EhOROR L5 They b At
and eosAviit slaince fo heitingean chitkngo@ytirehenty mieunﬂﬂvdil duoing thened

in each of the four quadrants fornmed by the bl ades 42
depesiiothgi t at or cyI inder 16. The di nensions of the

bl agfife Aot v %%ﬁ&ﬁd%? tREOYS, 1§is%°el1é‘%‘€|l tﬁﬁ(i!h@d’df)osnmn at lower

dlstanceso 7°mmor 1.7 mmw th
tempgatuaﬂsqnelvlatﬂose @lytiRaly eﬂr\@chﬂﬂ)ﬂESlt Ishstiwe r@qsomsh iF§rst. lower

OB R S RS S ST e
(angul&itRQUIShEY sthBs afcheush Héf@cts 1\{% wReiel e 1o816ea Rle inhﬁ‘any catalytic

resulting catalyst. As th I's made smal | er,

proceuges dsae % &r LiwcandP. Hy, V. IAmaG na Sgeeddet, ltzén](?éﬁbyO]@ Ehetféher
hang u gggéﬁ %tf 1 rﬁ?eerll e%%%e% que?terﬁlﬁg to %i{%ﬂi a#)ﬁéi qulc H%aablﬁo@%lréa%\fz%g and

e gap
defddt-$leaBEBtd r@nHEH hﬁd héirt igebdutiing. Addiﬂlroaallyl demus@tion temperature
pref erred node t (?ap was set at about thrfg% di a

€

can @*Som@a@wﬁbbm@%}f 1Golf gends &p bpemegmahile at r temperatlgres and

hence more likely to accumulate and lose catalytic activity.

The present invention provides catalytically active gold on the desired support(s) to
form heterogeneous catalytic systems of the present invention. Gold is widely known as a

noble, relatively inert metal with a yellowish color. However, the characteristics of gold
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Physi cal vapor deposition may be carried out at any
desired tenperature(s) over a 15 very w de range.
woonewan382 t he deposited gold nay be nore cat al pET/U82004031265
active if the gold is deposited at relatively | ow
tenperatures, e.g., at a tenperature bel ow about 150C,

pr ef er apl bel ow about. 50C, . nor e, pref erabl y, at ient .
chartgsﬁlf?é?aatcaﬁ@n(@ngscafearﬁsmesmhe%ol setieom ey Fpf gt hotve.
The g@%ﬁ@écﬁtﬂgg Wpes canbjse ccﬁq?ﬁ'éﬁ'séﬂ 118 othSr Rt e4thl§sts aSillustrated

cti've arnd econom cal since no heating or
by rmtlblhs sugh e quidatamerftGO ainderiambatny eonditiorisigd redsction of NO, as

dep05| ion Wi shi Q heory, it
well;ag CB%’P \Qpﬁ‘é(ﬁmlcﬁ%n&@tb nﬂf“é%urfﬁedlql E“{H)%"AQDt%{el%naer at ur es

Yi &k frerdrRidendRidahatits, Gatal yicalky hotiere golddndybe iabntifesisdy dnwoor

reasons. First. |ower temperatures yield gold with

morﬁmqglsctefde@a@emﬁwﬁ drchasling sigo sRlorrander clertyiga aﬂililaJ’aGFeU%%?pe
Gen%]gﬂ? étar I t sa.B{pgeklllarg K$ie of hiRS of tﬁgs% r u1ﬁ&%aﬁg{§ﬁ§ﬁc% i

arolein mn processes
prefé9B tho dPmdst bf BuBst dhardderisdics, Arwlll b€h1eemec8tmd)e caml)le&,ally active
125, 1958). On the other _hand dep05| tion at hi

in theeﬁﬁé]ﬁapﬁﬂ@émfséﬁtd?’@@o}‘t & aaogaiecﬁl%eﬁéﬁ kepEeayisie laggcmted with
catalf)yst@?@;sgc%q/e %Bgiemqﬁ L gl‘ft caftz{lzl‘l?ﬁ %Mgg o Sl kYg i EEaREL RATERction

s ac ion |t|onterrperature
of whathepihs @oldqagile Iyl akhivihedsidiyens@l id theemassaate ﬂgemnmﬁe@ o

bi | h
et B e SR B, P LSRRG et
clusPe[r?ﬁ’ﬁHE 8‘(6?&‘[31%5 h2An P EBYI G BmERGHs ¥drdaad bk Ynor€ batwIgtigMlychctive.

esired support(s) to form heterogeneous
As gzt mblyzhses, @Vcﬂymacdctdﬂsécqaﬁﬁé@éfrmphdb&/ ecpehnglpgrgferigd

own asa nobl relatlv e I
entigelet o St EgRDs RS s {Rinbstfilite PRE T vt heo
w1tt9§’rhﬂ1e¥ Q1z¥pn%§€0;§éﬁ%3 §hePEIZHISRRNAY 03de365d. Chapeeeral gu1dehnes

dramatically i'n nanoscal e regi nes, where gold beco
catahytighlly adivecdold hasalarticlaier glyser dimpesiensgh thegaREs fifrgma out0.5
Iy e t
o A L g0y R AR, WA LT LBl SRUh B i
of néNA&E. timibett 2 Aand IabmarSSnrﬁmdarryaﬂmnsmn ‘Hie thihniced htawure

as epoxi dation and hydrochl orinatjon, o@ unsat Pf % 2
rep(p@sdhm’paéyﬁwsactlglty mapg%@@épqt}%@ug%é@pw f‘srange oI Irom about 2 nm

to 8B Yh! §RE E g 813 b VRO E A natt RM%E Edd ©dddirnngl 18 TEM

re reqU|s aracterrs cluding size, color,
anaBRI/aglis Wélekmwm:aithe beiraad beisidesirgwd he@mer al ly, if a

I d | of th
el 4SP 0| oo st a6 R0 B8 TNV Sh oY Rbse
Ho&@@err CiLic ﬁetcntob&% sitd re®irhds iRvif@esRdistcatapgicaRy adtiviel talcblor of

active 1n the practice of the present invention
golmhmmaere@dlzmpmk wdieR eryeweéqmdgﬁ whitcligiibclthpeeh vary Fogh clusters

of %@i fi rlf%:glasgcta%%sec g%lg Esh EStucfl Q&oﬁ@%s%hé(&ésccan be fqulte

rge qegres
caté(l/gﬁé tﬂﬁd tHe eﬁﬁ&éjofssﬁﬂlﬁ) b@loflaﬁ; spedidy is kfrrilg ackanEpmiedrbyi some
nanoscale re?
colored nanoparticles of gold Consequently, determining if the color of a gold sample
includes a noticeable reddish pink component and/or is colorless indicates that it is
possible that the sample is catalytically active.
The amount of catalytically active gold provided on a support can vary over a wide

range. However, from a practical perspective, it is helpful to consider and balance a
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particle dianeter, fiber diameter, filmthickness, or
the like). Bodies (also referred to as «clusters in
w0 b@slosa3er at ure) having smal |l er di nensi ons t enPCT/0S1904/031265
nore catalytically active. As size increases,
catal ytic characteristics fall off rapldly

Acc rdin referred. 1 nts at al
numbef A f4RLorg gvh&nﬁg YRS HCDA AR e oF Gias i el cally
active'l ﬂ:gfé highly Ealv%qﬁ{elng)‘i'oﬁﬂgfﬁél ﬁﬁb%o%ﬁfsﬁpﬁ(?r@s M‘h%@oﬂhﬂﬁée&lth the

IVIt s desire ener al” gui def nes,
pracumfethgplresalt liyveation. v"éhlgsobrdy hery Iwerr wietghilaadings @set meded to

R R R b LT KU S
econoMi€feascR! theretdi, 18 Mol dRYesirHle Rot R usBandrelzdld thah ivleedhably
2 nmto about 5 nmin any di nension. The technical

needed {q _@qhmvmthe dired é@gr@esOE Qﬁl‘éﬂlytlffa%(%ﬂ\yb’ Additipallyy beggyisqyeangscale
ot P P ER DS, R B

if too AAOP Baldtik aseRisduean a&tﬁnﬂﬁit@hmf el gblyl iffoNbrogartaldiesi SVals sich
wel | known in the art_ and as is described herejn. In

factorg gy mindepndan gsncrahgpidelings. the yeiehi deading pLeolf ogithe sunpas

preferleg‘? m?;m% R \%EB% ﬁbOS d 'HIY o gtt ? %r%fggﬁblﬂs@ gg?f&%? Wi % and

most plefembly)fromZ(BO@i)todl heephe® @sekugbs thepiotak welg of ﬂmma;lpoft and

der white light, although very small clusters of

the o] d and gol d surface species can be colorless. Such
C@eg&lﬁ?gsca?ﬁ éaﬁ% a@ﬁ‘% %b‘? d Sktb laSsuppdtak %ﬂy‘:oonﬂih@bleh@lth PVD
presence of uc col orT ess species is usual

techmquecso G dnewirdly spoties tmf@lrmrcetalyﬁmaélfyaCtlmlnagowleg@ﬁr@des and

equent | deter

clustoE T B Tohsaec Bt esinltd” PEUGTeHbathe Zofk Bragnied

mainl R Hé18mentsl] mhomhﬁﬁagh bihei ealigfont fafes inayite FFOsapOSAlthabezh gold
that the sanple is catalytically active. The anmount of

is mob,@t adyvilldend ip agemylategnilay presg diles @ﬁwthﬁ suifpgso Fe nagpporous
charac\fé‘?%ﬁcg éf {h\c; gl,lf%ot%?nsdrtﬁg ?%?eﬁéﬂ%g S)E r?gtlfl Iggﬁi%% 'tffégiractlce of

the pré’sbnﬁ/i@vé’lﬁﬂﬁ/ %&Dﬁb&ﬂ]ﬁﬂﬁﬂlz{dﬁ@@ﬁﬂ CBél@ﬁ@ tlel&’epe thecﬁepbatﬁdcgoﬂsd
when choosing a desired m5| oadi n For iné}an

|
clustegsgpelpipe ABdPI rablyd{sGRNTHRIoHS: :l,n% NelRp {0 BiepFye opRBific activity that
rmghtm'eQ)Yﬁeg@%e %Prl'i?ﬁcgﬂlfg&{ P SIPREL S é&’:uﬁﬁ?ﬂé ﬁﬁ‘@%@ i stlfédttﬁ@les

practice o resent” i nvention. Thus, only very | ow
As anwttc-]gﬂauvd vadi thgs galldeﬁlms eflerahoscrl edloickease n:gxyadsctlaﬂ Eirged over

aort.unate, beca

some BEHL L By e et AGTHEE, FeahEbmth e e gy OF e g

decreddBs Qzﬁﬁ i 36 sth o' hRkHER. MRECHEAIH shbRAilhS na§aRIBARYwith
needed to achieve the desired degree of catalytic

catalytic acumtyy dispeidinupas aﬂomved grd¢ elustern iend e BE anucghereicgtalytically

sited using PVD, catalytic
acuveaa&ﬁa\r/‘%/?rﬁ eﬁ@i}nﬂ)gmég%fgqon%d if too nuch gold is used
d OptibAalBG el Rekerb gedBow catal@t gxteimi i Pbe ticg@aldpdefsd after gold
Wth such factors in m nd, and as general_ guidelines,
depositipa ifidesiigt. SemgicAyyeationd p@tl‘@qlstrﬁéy EGypE stch ermal treatment in

order Ex&érq + golg%g%g&titcgﬁ?y 5@"'1'1'3196 % eg%glci Beptit®iBcotance with

prefera to 2 m5|g
the present invention is highly active as deposited without any need for a thermal

treatment. Indeed, such gold can very effectively catalytically oxidize CO to form CO, at

room temperature or even much cooler. Additionally, depending upon factors such as the
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nost preferably fromO0.005 to 1.5 wei ght % based upon

the total weight of the support and the gold.
woepssswsng catal ytically active gold onto a SRIPUS2004/631265

very conpatible with PVD techniques. Gold naturally

sputters to formcatalytically active, nanoscal e

particles and 15 clusters onto the n opor ous s rt
natu@tgfftwppw e aq5BrpiTag aepnis di° ARENGEH Pl des g SRV
actl h)ﬁe £ ﬁtlgﬁ{f?e'attg ko H%re@ fttﬁléﬂ%ﬁh Qlehiell afb iddh apt@mperature

es may be present. t hough go is nobile and
Indewl Ifbr somednbdbs af pravtiteinevlioh thewetenegegyousi catadyso$ystemeis intended
surface nanopor ous char.acteri ?ltl .CS

(o beSkig Gt £ el THEOBIEHoF Bedh COUTTPISR LY  Raeiegapedighyr than

about P60, ﬁfétda ‘P}ﬁﬁfactltv o%@%?dﬂém'sﬂé’lﬁﬂbb ebnfiteled at those
I mobi’l'1 ze the gol hel ping to keep the deposited

tempgedture2 OEmbadiments df $las) iaventicanbetpeepen applytically well for CO

di.scont.i.n Thi.s helps t
oxiagid Gripg bl Temnit e Be ol R EIRRISE L liprip, These
incluiRls§lst¥E & WRich Efeitibat Sclutle® oh@big@bresif 28 tninaditata, silAa,
an alternative, very thin, gold filnms of nanoscal e
and/ptithe kikes s may al so be formed over some or all of the
Su?tg ]ﬁso% s d g ?na{t iovgg&rﬁﬁl‘atloﬁ(%ﬁeﬁﬁlgathptlEthIQ) Rles is
P RUaCtT Vi decreases Increasing film
bendfi&laﬂ kHS@S:ooﬁVlfaﬂoh lgomhfestMdnl fonwhivhy daeavfemgﬁimjinvthet tange of 1

atalytic act t di scaonti nuous, i.sol ated
to 16 petentiisbie 1 © e WUBHHGNEE R A 391 G0t Rigeose that
the &anytﬁar zﬁ:tlpftgt)?{hé &y é?nzﬂpﬁﬁst&@ BF b&atid 9§%§c1a@tat Eﬁ‘s’#'td Yome degree

et er ogeneous “cat al yst system may be t her nal %/
w1thtlowactorauﬂmefttoarde@aotsd anditbpiobese] dsfects are ebliete grovglsraites for storing

net hod
chargF Y iRk I U (oGP 50 wiaavmE RIS et st soussepy
Acc@xﬁﬁﬂ € withoWeN 8Efectd ahd nt8RASith Gimid, #GE pfe&ﬂi‘bﬁ&hwh&i&ro gdfeous

present invention is highly active as deposi t
catalyistshod the innsntion éablidsrong or meareraf thefellewagicatygg @y Th% gelg and

d
hendtghi R0 4 Wedcd FRbl ) e SRR f2tiden it pior b he
averA8@ilA1LhORR N 1Y gredep aiadiabutp aid f(@cAomsicls ucis pasctitdlly Iﬂﬁsi\ﬂé

2005/ 030382 PCT/ US2004/ 031265 nat ur {ﬂ’t he usf)q% ¢ 1
gold tlesters groiselpted ba@@ﬂe‘glelep.hglo%lﬁa& ef ifhin g disfapge o about

, | gl
-2 a5, b o Reablrty P Be RRCERIRRTL SRlc 9:80ERY
clusteﬁiﬂ egid podsible ganmchetiemctefistins actyi tedfoimd whindhattstaps or edges of
het er ogeneous catal yst systemis intended to be used
largPl'rﬁl‘éSt?Féat ed environnent, e.g., an environnent having a

CREh@tYA Fo %Hill& hiile ok tﬁﬁﬁ‘e éth@p@dt'ﬁlyﬁg B&uld bR6 be PrAidedioh the same

act|V|tyo esystems houl d be confirnmed at those
suppatspadat on ether Brpods ins mxaf thh thej gw@n@ntmﬁlrlgwapports Examples

rform cat a | ca q_gt
mclﬁfi‘f PR B RSP 8 Vgr,rpélg%( l’llél‘gs d@ﬁé{(ﬁj h%: um, O n?ﬁﬁlh coppert,
mdi%l&f’“@hﬁshkeﬂﬂﬁ%@d théb@'rhlé%ﬂoesdbscﬁ%ﬂddbm@ tehuppeet Sompaatget
i ncl'udes one or nore of alumina, titania, silic
source that is the same or different than the gold source target. Alternatively, such
catalysts may be provided on the support either before or after the gold. Other catalysts
requiring a thermal treatment for activation advantageously may be applied onto the

support and heat treated before the gold is deposited. In certain cases catalysts such as Rh,
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and/or the like. 10 It is also believed that

| ow- coordination gold in catalytic nanoparticles is
whewseNswssal . Low coordi nation gold refers to ARCT/USIIN4/031265

which n on average is in the range of 1 to 100,

preferably about 2 to 20. Wthout wi shing to be bound

by theory, we propose that the catalyti¢ agtivit f
Pd apd Bt 80y dspaiiedapttBedo i myerat intenkol sad alieedas abists

. fOPRsARILESoIgM t h | ow coordination defects, and
Wﬂh%ﬂgt ﬁﬁgse 8eg%cts are able to provide sites for

st brthagratfice bithg eseseht ioheniay, dalyticalls heiveegdld isaleposited onto

under | yi ng supports and/ o t her, sour ces.
one 9L TRge I RBIG U UPROTHOHEFEP L (L. SIS RO LYY, SIS,
NandgorésScaRbRIoBEroed ltPdanBBb@s08 @Be B! Meati@d il Safsiissibi electron
I'nvention include one or nore of the follow ng

mictbgeapyr Ehe ngmopoTive ngbirelobneipphe ey Alsededdpectcsized by a technique

| ocat e i n t he rfa the Vi .
suchg St ped T STRE S i G P e Ty WIS P, cssppion
isotiRRAhre Ase @b al SlatéthePeedIsias dis@ibptigc bi caadlysts paiscitddyse supports

20 gold clusters are isolated but nonethel ess close to

in the awytge dtome AbquiLtionl 08 nam. sNaRRpeTQys maghythay the fotsl nagppprous

| ) ): i.l e i at i
gty U ESPUED, REIER, FBkerBadsgdl o) i
abo @0 ths faraslabalowpof the hedalpeiavotume of thepapport mdges! in the

of larger clusters. In addjtjon to gold, ane.or nore
ranggfioat 1 &xl ¥l s calgpiatrdaisng t@%%og‘%l}} iy Wlﬂbda_g%\%mnﬁé from
ASTM @%M-@4%g./eﬂfire§nop&lﬂi%ﬁ iﬁﬂ%ﬁ%ﬂaﬁtd'h@fa@ﬁ By ¥@ekebd:h the

go Exanpl es I

d-contai ni ng supports. i ncl ude one or
nore of silver, palladium platinum rhodium

rut heni u soiymy, copper, iridium or the like. If
udgaC £ @P\% 9¢o-deposited onto the support from
a targetCPsgur €EPwhat is the same or different than

th | d source target. Alternatively, such catalysts
nﬂﬁpggréyﬁﬂQﬂéﬂoﬂﬁ T@ﬂ%%bport ei t her befoLe orbafter
t o i 30 iri t -
o e ol P i A LA
gg%gg%pghﬁi#gﬁgg?%ﬁagogﬁggrgyeated before the gold is

arn cases ‘catal ysts such as Rh, 23
WD 2005/ 030382 PCT/ US2004/ 031265 Pd and Pt can be

deposi ted accorndi ] ' I Q1
e S AR SRR SRR P o
the édibpbl{ﬁ @u@io%;;‘ fﬂhﬁ:@stﬂfﬂiidﬁﬁnlmg éevety s';mallbg[tlg particles and clusters is
“catalytically active gg s deposi.ted pntoq, ar ..

evidenied Dok B cLahygmien pomalr sy cieophgad in TBR Shdies of

ERHGRY abf db
e B S S T AN R P Reasured by
the fbilysofitisscatalyslte comert Crite €03 crofhy prefecerdpgpor ous

TGN TLE N T N R A o s
the Rppbt buddeel MTidicehl1iPitfonQA et e Ghill 568 particles and clusters is
evidenced by both the direct observation of smaller particles of gold in TEM studies of
materials possessing nanoporous surfaces and in higher catalytic activity as measured by
the ability of the catalyst to convert CO to CO, in the presence of air. Advantageously,
gold is also readily deposited onto nonporous supports using PVD in a catalytically active

state without requiring additional thermal or other treatment for activation. In addition to
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i sotherns are used to cal cul ate the pore size
distribution of catalysts and catal yst supports in
wao b@sozn3ge from about 1.5 to 100 nm Nanopor OUBCTIES2U84/031265
that the total nanoporous 10 capacity for pores in the
size range of 1 to 10 nmis greater than 20% (i.e.
greater_than about 0.20Q using the fornula belo of
nenoPREOSICH AP SHFEIERATIANS OBHOTAI FRapBERET KIESPPERPORIS he
mesc?;%?@l%, S5 ﬂiaér@Pc;rQQs_ HRRE gLl sBEIL e iR FINEH ﬁﬂ\?ﬁ/}icable
ollo AS

wng fornuta wth data obtai ned from _
providi&n bf IYP AhEomperidiven pf GhemisalcFechaology,Admslitianed 99 Br i typical
.reference; 15 CPvl -. CPv10 NPC .= - NPC
popul gl EHIG EROEP isd R CPRe RYAES LI 507 & DHTER
comb@hagorReChdhdpordus, Mdhsbs, 3nesBporot®agd Badidpdrdusproperties.
nanonet ers) " The nanoporous characteristic_of the i
suBgeimporedng to nase thatrdibisppost Betedals opkytneed bg panqpegous in the

suppost _surfa Thi |1 i -
oxtefif ks Mtior 28 e Aty 3 £l £ o el PR R on
deptHiof @tgodda@meah kierpredentsineddtion. [Thus,ithd peseant iryehtdor incluEsd

studi es of 20 materials possessi hg nanoporqus surf acggto

methpdy wherdhygieemalbulos spriage e npRuRnaROTABHSAICEAIS SN O¢ Hid
poss%%&I dxtdidor g‘%‘ffg‘%? rcﬁﬁ%_ﬁéﬁ[z%ﬁ by Qafr GRet LB a4 hehde

é’ %’db\f&fiﬁ. :

esence ) € nanopor ous characteristic of the

adsosptipaoftnahepgsud materiate bidhi 8 gelyaind nehepstiens sise colidids on the
support surface. This stabilizatiqn of the. ve nal

Surfis10h & A SR G SO BRSPS TG PUG TS L ROT e O

metdlIshIBCEn @RIBEHAL drA I REriad ARIdrRY th® AhddpeldtS nteré®d; @nd BxillEMn of
studi es of 25 materials possessing nanoporous surfaces

a thiaredating &f metel, egatahinini, tenivy, tip, aimmraurikeliks ontheesurface

abi | | f the catalyst t onver t 1N
of a fulah s Rp LoD RRYLR o B tetg gt e udpBiel B o be
depSARBEBY DR GiON WVapIARRRSR Whd SHERIX@dd!iBn ¢ah BE caMEd blt By dry or moist
catal ytically active state wthout requiring

air ta grfiduto a aknafagiokafilnppn thelsabstiaieeat ment for acti vati on.

RO RS R S o

gas plist Refkerh@yenerdlB oM kUi ve iNPRRINOING WSt vaing/manoporous films than
macr opor ous characteristics as such are defined in
hydrpbysin g wih diquish hpses Y RLOTOY A IOME B npendi um of Chemi cal

Te %@?Illgg%%(sfrg%fgéoﬁéeg i 6?1&%1 )shap%s by E’érﬁlﬁhaﬁ&ﬁ@lﬁ&}ﬁﬁi _R;lﬁ‘l

of "ac n or alum na support particles wi
examplegpdveddrngdrticle, pellbt, gnntlenattivdateofiberashef ohangygomb, plate, or the

like.mT%E: 8gr%rci)elélschn He??eogeﬂrr ?nus%hpea, r'fr?egrlrﬁa(l:r[ e 1%,3 denanRe réé, 6P the like.
Preferred supports are particulate in nature or powders.

A particularly preferred support is prepared by adsorbing or adbering fine (less
than 100 micrometers, preferably less than 50 micrometers and most preferably less than
10 micrometer) nanoporous particles on coarser (greater than 30 mesh) particles. This
small-particle-supported-on-a-larger-particle composite structure provides dramatically
higher total exterior surface area while retaining the desirable gas passing characteristics,
i.e., low pressure drop, of a coarser particle. In addition, by using nanoporous, smaller
particles in constructing these composite particles, inexpensive, non-nanoporous, coarser

particles can be used. Thus, very inexpensive, highly active catalyst particles can be
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It is inportant to note that the support materials
only need be nanoporous in the exterior surface

WO e@s08038f t he support at a depth equal to or PCEHHSBN4/031265
than the penetration depth of the gold atons in the
present invention. Thus, the present invention

prepii SR BISGROLR. Har BRI ACABECseadehep Lo by HcughEuive
undel?;gﬁrﬁ,{) b@e[rse? b RE. SELAAYI LS 8lahsF oY stRANSREdESth htycan DB@S&d in

ds In Iude adsorption of” nanoporous materials
this fasiilon &rsluglel sel-gelelensedpaalt poticlesinapopwbisofiagpaticlenize zeolites,
face of a material. to formthe nanoporous materi al;
andﬁﬁﬁé Wl%eaoqﬁr‘?gg{s%?l?%lﬁ(om des or metal salts on the
sulf asRtrting thet@hpddite b@ppolt parfidles, ArRnadirpatiiles can be adhered
mat eri als; and oxidation of a thin coati n%aof net al

to the Igger partiniesrising Rartialkyihydrolyzed, allaridesomions. bae metal salt

surface .
ol R 5 SIS Sl 5 SR Besin
agerRe PaiaPP 5 drelz6y alRb¥i8é satlitivtaes prophiedds isandl Krivevn i 1n the sol-gel
oxi dati on can be carried out b noi st ..air

dry
art. BHetSUEet a1k aNigB o 1HOF GIKORIAR GRS ABSRRUD SIS, e
van %ﬁ% aRd (ﬂ%ﬁ%ﬁﬁ}es}’ & tﬁes%fal f k. @%19 XA SaltAB 18 E AR atef dn@d

erein, rolysis Mﬁt gas phase water is generally
carbﬂmyleteeﬁ]ftmﬁtltmumranprahnhmnumg Mpmaclemgzemaﬂ@é@irmmnals include

fil t han wi.t h d a
condge o beo e WS LE B BRBTRYR! el
d,
o SR, 4 e s

amdunndy?:mrdbputpﬂOav@de weightwerceni n’éthem@omttmsma@@a&cﬂp Hee
q Er 4 %hape irregular, dendritic, dendrite-free,
mat%qa {HBe pIEEd- preferred supports are particulate in
natpy &nStrudd m&g)os@ésuﬁpﬁﬂ phities dnht Wi prepreferred nmﬂlnmisnnay be
is prepared by adsorbing or adherjng f|ne (I ess an
genaray nsedr dnenemsthogy the apzapoyouseygalt PFHHC S@Zﬁf’f@?%fs xed
L he
witf i e P Aot 8 SRSl TR P ulf EHAE flolntyped with
coaRef parGdles . If fﬂ&lcﬁarser particle is porous the small partlcle adhes1on agent
smal | -particl e-su pori}ed on-a-| arger- gart f article. If
solugioRusIIFRCaB e B RAE by et gyeliing Py pyroti faggraparticle.
the di?éﬁql g.ﬁ{éiqu hg{ aHid RS 'il M la@hésﬁﬁﬁl'g@ﬁt@@luﬁbﬁ mixture can be

assmgc acteristics, 30 i.e., low
adnpk&bwith ehed:bem;sezr pafmczlemmlrthe solpten liguid can be wangived either by

cong S Wétgl %@E)?lggs B%ﬁ‘-ga %guggt to Qﬁr %{‘Iﬂ)’éllﬁg S{}ll Hin&POse ak"t%{ thbmmg

the H )}Jﬁﬁﬁl@&%a@lﬁmc‘l@ qS BlaterB thd &dhRSiof @genb endihe doarstrysmyticles
very I nexpensive, highly active catalyst parti cI es can

andrem@Ging@helopid 03B s@UTPIERODITeS 19 eRednd salcingddp peqyide 2
COHH%PSF%BAIF ﬁlgilﬁ\télﬁg vol R ﬁ%an%&gﬁs%a}fﬁélesba%eﬂeﬁ oh ﬁlrfége of a

I'Ng," coarser partic
coafséppRtice. The Bﬂﬁﬁaﬁ@ temPerafiidd Is eRrted o bs bd&lhwttha:ampbmture at

used in this fashion include_sol - P Ih ;rlved snal b
whish tha renerQrowRRSPEIPDIRES PRS- faFterdNehe f G gppgature will be

in the range of 200°C to 800°C.
Particulate embodiments of support media may have any of a wide range of sizes.
Support particle size generally may be expressed in terms of a mesh size. A typical

€6, 2%

expression for mesh size is given by “a x b”, wherein “a” refers to a mesh density through
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and high surface area aerogel particles. 5 1In

constructing the conposite support particles, the
w@embl3gssz ti cl es can be adhered to the | argerPCT/US2004/031265

particles using partially hydrolyzed al koxi de

solutions, basic netal salt solutions, or

which%%@&ﬁ@t{a&]&%hlﬁ%ﬁﬁ%ﬁa%&gégﬁé& elhtrlgt a gr)l(d gh {q%gq% t?/ a mesh density
that 13%%&431%1%@5; % eé&%’%@@taﬁ@u%thﬁﬂﬁly%‘ll%f ﬂ{eef%ﬂi@lés agol sxaehlk, a

known in t sol - gel art. Uséeful netal al koxi des
mesh sm pfitex 30 m@ansjﬁstt gifbstantially alhof the partiplgsvaild fdbihrougha mesh

d d
having & eokRR SERAY o 12l it e L snb B S APE BergS fqpaa e
retainéd bR médh a&ﬁ;lt? thie i W Ben NBNGTIBAN Wilrdsl Rr Fick e s;ugipbﬁl fddicles
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diameldrih &%r}an%' f’Po ﬁ&?t d(s’[}gq‘i’ \4Bout’ PS Lafhesi on agent is
present 1 S 0 u n

ronand generalTy 1s included at an
agelotingddn appiaprialonestbéizofor e swbstgid papecies ﬁlltlvcﬂf/estlhﬁancin g
nangopor ous smal | artlcle size 15 rraterla L
density apd F@alytﬂréate 6&@??“@6& Q"Iﬁéeslﬁaﬁ*ﬁ%sﬁf@r b’pﬁ iger g%?ss sigedie

s 0L S o BA S PBYliy rAESRELY ey, b
also higheeair flowi resistdmiex Rhlansirtgthédeeosemss t'€ds agthiesilpin thgeamige of 8

to 12 g bipiiety op g et 40 R e a pLbfogfn SR AutEnd idyecia and

bis géﬂ%@all%ﬂﬁ lhe Iﬁﬁéé #6nSHRINER) MRBuHE NpedPic T 498k Blntd t Ke
can be introduced by incipient mettln of the porous

suitablesingle praaticei afltee present inventierr lgle}udp a2 xi20) 82ixs3thaend 12 x 40.

article-a on _agent .sol uti
P Bdffition WrnepBPbrhsi R St AR R BacPER B S rabty
furthek RRIER! ok iotholrd St Gord Bhdrectéraiioy Ekbrehdthire, pesdaged I ent
with the m xing or subsequent to the mxing. In either

embodizeats offthesuppertimasinge chiacteriged yrpysphashe 9.2 phiPha%t.c
surfac%h Zﬁ @h%glﬁ %lxe’ang ﬁﬁt ﬁ)@%ﬁﬁh&%@%‘?@ thﬂg g{gé gﬁa eﬁ%ﬁleﬁata shows

nd renovi n

that c@t@llytit actvitytih entins¢diwhen gold tid mboanﬂ oned € imnad phasigswaficde
conposite particle havin e smal l er, nanogorous

Whﬂeplmtwl@}l%&toahﬂw@a lpis hehieves IPpctboroatiiagt blstns iuimdaries on the
suﬁao%iaﬁ)g%vaglttﬁ}elelg RELEBE GO, %M%m%s% Hés%n'béd RelEE LA Al R a1

enperature at which the nanoporous
knowpanr the @ttesn be sseqctoraesasss yhetleresufacy isttiphasiat. citnd bejieved that

rature wll t he e of 2 Q 3
these pASE PR iEEs Esuiser ety SisamSel S35 1inutiie TR ey Bk gre
boundahe@effe&ﬁemﬂﬁﬁlmhﬁhgg&d Support particle size

generally may be expressed in ternms of a nesh size. A

t Wlualllasm@hpraems@% hay berpronidsd by treatmghtef atsyppast with one or

erein ers to 0 .
more §0351a b8 aecbs. LEL Siconsthaft, TR ok Yt 24ty 2y phat
may Béfadﬂétﬁtowas”dp 61t @EoUIdd &dsitioh W@)ﬁ\ltloﬁﬁﬂlprbgnatﬁhﬁbﬂmt/@d up
a mesh denngCthat is suffjicientl so as to
Caht

with 3 elcining digaEicaht Cansigerap enbodimeat wawglpl& P@éunpaﬁrate is used as an
activaBiig '&Bén‘% for?a gamma alumina support. When the resultant materials are

investigated using X-ray diffraction, an isolated barium phase is not detected. While not
wishing to be bound, it is believed that the barium has reacted onto the alumina support

surface, thus modifying the surface. Consequently, it is believed that the surface has
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mesh size of 12 x 30 neans that substantially all of
the particles would fall through a nesh having a nesh
walemwsisopsnf 12 wires per inch, and substanti al PgT/EE2000631265
the particles would be 5 retained by a nesh density
having a density of 30 wires per inch. Support
particles, characterized,b Si z
slunfih FoR FRUE OB R S PhRSe A E] 6 Raiem pghainting
anotﬁjér%ﬂﬁgee "Eakh HBQS% hh@B8Rrdnk BOpBARY tnd dl@feﬂéﬁt taﬂ‘uﬁ@QU toolll. Hence,
Sel ecting an appropriate nmesh size for the
the p@ammuaqusamqnc |beheﬂ fnotiareln dyakenee pPraogars e fangingrig prevent

t f
migeftor i acihloBp S 8P b ARV age el Bl 300 GRRSRl
t 0 ADK1AY vElBeth QfF nﬁfﬂrﬁéls@h%aieﬁe Gafuhile seppoadsén aechridtice ef the

capacity, but also higher air flow resistance.
presE ineation ng@n@@ﬁ@ e¥amples-igelufle carpppacgpysymitgriglpeilicaceous
f t
OR3P bR ool i) LBERLbYgR R tfaon
of these, gidee aikey Rlepretsehﬁatfva maalfaxddes édroutfides) mchide vkid8O(or
Sp ecific nmesh sizes found to be suyitable jnt

sulﬁé@%@f PRECITRORHE TAEBSHHE: 3 HRENRY SitAnivey YARadin, fﬂ%ﬂupfz
mané%x%g% rnt%ﬂgre ale O?lgsl cjoﬁgérnzﬁ’lg Bl defnAARRPXEGRulY, yttrium,

the present” i nvention preferably
zircdniurh fxéiobitimg medgbdemen gechmetiemaddieniwneahodium, palladium, silver,

characteristics. For instanc refe
cadmgypnn, Ay 5 {0t} naoné{n@ Tapeeny i‘&F%‘g}nnﬁb ﬁﬂughngélggten
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surface has nore than one phase. Qur data shows that
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s e BRI G2 P R MRl e Bl bR

e resu ant
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gold. TEM studi es as descri bed herein and as is well
atleksﬁémomwﬁqa@né/ptth@éxk%e used to assess whet her a

S Uil eggﬁed SBARRASS Of deﬁe*tsmﬁfe{s fng¥ 68 sd1batq rbﬁlea‘iﬁmﬂﬁﬁ§ Sxides,

boundari es are very sed at t e nanoscal e,
titanies ipiniigaltmineg Iaetntatml caﬂmnbﬁaanyeﬂub’s fsedt asteptalite (CuMnOz)

molasa RSV BTy Teibs PEMeSo e Bag O SO CH G Gioon e
partfzﬁfaﬁ?@?éféff?d é@%oﬂgﬁaﬁ’&ﬁls Aﬁct%?ed%)éﬁﬂiﬁl @tanfaahbGRIgink 8re found

pe o Ivating agent that nay be added to a
in fcﬁmp pharbctprizestbyt xmngmrdsm;eqndghmfme whese $orms dre preferred support

regnati on foll.owed u a ca ning tre
matesii AGHls caiads Aetiero et e SR b SR hgppre for
cataRRic ABtiviAE te/@irbdhthl @0RA¢tidn8 fas @n BREBRnaldtHoRBUS GAREN Activated
en the resultant materials are 30 investigated using

alunXna alpo & 4 prefestedonppahmpErpla el iy IRRUSHRAEMEANddeat.

syt B oy BRI melquiddy comerisng n

alunSiR Be¥port vehenf tﬁ@ EataItyEth?stﬁmdviﬂl)’denged hlﬁel&wtédatemperature and/or
Consequent |y, is believed that the surface has 27

whepdopgersenie3lie 1%3@9151@1352004/ 031265

Heterogeneous catalyst systems of the present invention optionally may
incorporate one or more activating agents to enhance catalytic performance of the system.

As used herein, an activating agent generally refers to any ingredient that is generally not
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alum numrich regions constituting one phase and a
bariumrich region constituting another phase. Each
w@basmo3izss di fferent properties and different BET/USI00Y031265
to gold. Hence, the phase boundaries, in one belief,
function in a manner analogous to fencing to prevent

ol €45 ESEMTUL L L 801 A VAL % B g

ageri@) Sid Bk §atﬂl'§'¥t € NBrRsatslink@le@ysBRPOrts in the
pr actice of "the present 1 nvention. Repr esentative
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morfRiefi 4457 AEMET o318 bh eyt e RBARRVERR UG Hhance, but
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il
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lithigmg b:(olmm,rrdagneapm tacium] 5ndor barhine @dter mtaéﬁmc]adb@n Ru, and

the ]glg:u é@@% t{g}%% 8? %Wd%h%sggpgtglgsgh%my eﬂé In g%%)e embodiments,

the é%%tvh Yr%{a%@nt%%hﬁﬂ@é§at 1&559&@51@1%%@ e416and 6 QA GHBtall@NSe carth
cast two of these, and/or the like. Preferred

met@rsbbdvhwmn ﬁledf/elgkytppb® pf th@@iﬂ@hrmvaltf@lté@ thectlleading eeygh metal salt

is m&}h? @828 8%]“%95# g )”Eﬁ) lgeosutt gg Iclﬁpre%er%lﬂg lﬁllg‘{ogﬁ%@; F%ﬁg{ance
the ¢HRdI Ped edforBhmiéas a sytemontphiginlgi ekpbtas@‘uni fubzad a&iaﬂnmmlt ona
titania and activated carbon are particularl

nanqRoggus e ERING HEROF Withdicatalyst s&@ﬂova@léa ag %h%lrin thg ??%lﬁ}PéFS

r
el L BATRE R RS D SRS UST] 286 B e
ISOGpmeKDatmﬁﬁaﬁnahmeWEdﬁwa&edmmadp@mmidﬂaﬂwantageous

because i.n addi t.i o providing a su rt. for, .
catiBe jetal salis Gapjip udq "ﬁlé’p A SR A itEéﬁE‘PEi’é inglude
nitreﬁp Shgfh%?dﬁe ﬁc%[at@ QXiHRH e Ad2Inatidnt bY He§d an®Pir@lie] CRrtdh#e is an

referred support material, as it is very robust
espetcmlla gnrerfgrrah:mlbteai it appd@tsendgﬁné@mbf to &eved E}oéwatgxgsqh@rmt@@ﬁ@cs

adv eousl y de om ingredients co
Carng SO s S s P SR AR f D nR o
alkaﬁhe edrgVviated A&dﬁ?(ﬁlf}é:yuﬁ@fe@%ﬂ/a@ﬂivatﬂg ?@ntb eMGe inv@ativn €@nprise a
ife is desired er ogeneous cat alyst systens of the

carbpn@ts edlt, ahdy e prsferalpy iap nﬁqahynqi@lwamnatﬁ@@lﬁ pb%raalkalm@@aﬁh
i.vating agents to enhance catal ytic
““*%D 0?%%3%2 of the system As used herein, an
actiovatiumgastgaate igeagetlettyve, &frexample, aqpycmlﬁggwhelri aset] on

that is generally not 28 W) 2005 0303 2
actiyated qagpovitly g gg]@é/patalyst butitis also e ectlve in systems with other types of

supports, e.g., alumina, as well. The fact that potassium carbonate activates a carbon-gold

system is quite surprising. Firstly, depositing gold onto K»COj3 in the absence of the
carbon or other nanoporous support provides a system with very low, if any, catalytic

activity. Further, depositing gold on activated carbon in the absence of the K2COs also
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catalytic by itself yet can enhance the performance of
a catal yst when both the activating agent(s) and the
W@ 2108403882 ar e i ncorporated into the system OnBCT/US2004/031265
preferred class of activating agents of the present
i nvention includes one or nore netal salts. Cearly,

t he use of such sal it .enhances, cat [ . )
Proviiss A Gy HEMABh BRIy ?0‘!'5 %H%Y é%]té’flc AEEHSNi $h ‘86 ‘m‘F glh‘ee ingredients
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met a erelnt e welght ratio
soluble actieatadslsath asiEi@D; cmhot Heastdwithlckavdntiendaguepusanategnation
salt 15 1is
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agent I nvention conprise a
impteghived ah® tha Isuppoetn gndhe suppoefiethab |dyleé an@bnxtamallprealained Next,

carbonate salt aor an_al kalin t.al, carbonat e
the GRPHIA pRIRESEneT R BR SHiaPorte g &y A s gEeds et afd
optlsfffﬁﬁm a?om&f’ PRk 3I%rle§ar¥@ &B1d48 @fbnMpositell onf tBE agdmal@iupport.

gold catalyst, but it is also effective in

sy disers anialioxisters an tippwgn i/ aciape egent appagrs toghapgerthe

e BT 05 P RSBSOS A6 LR e o

the Sl§PBRIprd:NaD tHe QiPpRrtisaPade dppedrh & Bmadic finafthihie core reglon
carbon or other nanoporous support prOV|des a_syst

andiuch finst {hanefheryvise aggnticl sysiems prepatgd pyithops the rﬂl}?omiér The
strugtﬁpeo%éé@%cﬁ]o% %ﬁggte?fht Y@ REhCa Afle! i AE sBRRENGS Fhfe gold,

e.g., 50 nm or more. In some instances, the boundary between the modified surface region

and the unmodified core region is easily observed.
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WO 2005/ 030382 PCT/ US2004/ 031265 provi des a system
wth very low, if any, catalytic activity. Yet, when
wao b@sosnser i ngredi ents are conbined, a very ePEBUS1004031265
catal yst systemresults as shown by the exanpl es
bel ow. | ndeed, discovering such a sinple and

£ oNop & Hikprobamey Rt Al pions COLTRIPRS. SARTC AL akoxides
wereﬁt?gﬁcﬂﬂ %ﬁ@ﬂ@é%taé%f@eﬁ%ﬂﬁﬁﬂ&%% 15%%{)&@(6_@%@%@‘(&5}/& $ystems as

ghted b show ng that assiumsul fate is
shoven ipabe exenplontHowgevay enbstitetingrodigbased alkiosidednto dhasel farmlations

o erformance, woul d _i.nprove..i f support i egpat ed
did gt BeBpBH P U PR ES hy G5ans 1Al GHREEEPSy
Pr P4 silnfl1g PAsiceRRS WateNsololRd salPRkidaShd/iBea R patailelpadiates,
many of the other salts nentioned herein are very

oxalafes, abfl @hpsphaigsielidisotslemensteic aqisigtag PeHRIMANES HOIOICHH O8I

the.substrate.via PVD all.o 10 [, A
studigg By By Rl e Ry R el G S PR Bl Bihrove
perféfthace YPdt@east hielsullfdies ACtdxdRteRr WhilChbtassIKREBBbecuund] it is
be used with conventional aqueous inpregnation o

! : { g r
beligyed dhapthese kisds pamengsWhichitendi tg bsspaisaratingefrigi fugport surface
L SR i f 1BRSHI Y Y sulfat

3502 Rl VR, B O e BHRBRN A Bl
and acdlate ahiong argenlily decorhpried atlekwnible calgirdng whperaties, which

especially those descrihed above with respect to -
mayegPRHThy K &ﬁ&)ﬁﬁm@atscafcfra%wpglgﬂmce&he aghiating dagisteristios of

particles. Preferred al koxi des include al koxi des

thesgﬁﬁ%naghd Al . Al koxide materials are advantageousl|y

us &ohnisaltcdsbanpoporandidates foraiseps theromlpdctivhiéngagest when PVD

soluble salt. material.s .describe bove. Wien th
tech MRS P PP ol TS B eSSyt A
effedtiRr8HRALAAVIRA LRI iB BnplepRAEd ob phfiR IS an®sdlutid ®bcessing. This
sequentially in any order, 20 although it is preferred

showsthat inpeedignisoRatdeadifsitveark il PRE CAMENRL S etfAEH WPIBFASHNE Y not
support .aft the_ Jopr ] the salt(s). In a
work 33k i ab e et E8- bR

Ve proce %ol uble salt is

| Mpllegiad, @dt ANpRolidWappORIAE keadilpdeti Vitedupieothe skime tomtitions
dried and optionally calcined. Next, the al koxjde

that wiepk wiihathad sepROBt M2 sigrgBstance; ¢rata erplitss: ¢-g.» sodium ¥ Seolites
fompp?(gdggp rélgﬁigivsﬁgn pﬁ%ﬁssg@ B {.Ng?sz%\'aﬂ/arg @%fgﬁtﬂfcq”or Alkdha, carbon,

eposl onto the activated
silics,Umpoadlite, 25 Egm wifenauctiedtkdwitte salf, law or no catalytic activity for CO

i npregnant/activati ng . agent  appears t.o change the .
oxidafis B PIFE S PISIRBAGES Mg VTGP o PRI S ahpied to zeolit
medsd, UHoBises aRPREdW ©3Hald mokd\§rdbtedistustifdd Ghd i®n&fposdeliethe defects

support proximal to the support surface appears to be

of othar bxifles Siliaakitenthe hbingoww-fresdonn of Z8Y-Mixpe Faokite; Wak faynd to

therwi,se ideptical syste repare i
worB gB iR Protra u For B Sragh R o GRS B pred
suppBRShedinsthay R préfefabeurfaty Qedidibinsupiedashidh@renhiveegind ability of
30 e.g., 50 nmor nore. In some instances, the
the yyeiapel i yupebiligegrldhe nodified surface region and the

unepdi.flade gioefcﬁv{ttﬁx%i a%@ntilﬁe(?ﬁstihl: lﬁet‘éﬁfg@ﬁé’&g ccatalyst system can vary

over a wide range and will depend upon a variety of factors including the nature of the
activating agent, the amount of gold to be incorporated into the system, the nature of the

support, and the like. Generally, if too little activating agent is used, the potential benefits
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30 WD 2005/ 030382 PCT/ US2004/ 031265 Not al |l al koxi des

may work in all conditions. For exanple, Ti and Al
wa@bkdonsdes were found to enhance catal ytic pePdDURHNOE31265

when incorporated into catal yst systens as shown in

t he exanpl es. However, substitutlng a Zr-based

al koxide into th f | at i d
or it B cBischee et e SRl 5. (L B PR RARE Bl ome
poirftXisiHZRdfefdnaPackiRath gsd gehd @by fl@t‘sﬂ}bﬂﬂe s1§ﬁ’ﬂi@aﬂb&ﬁ&moﬁﬁﬂ Beléfer and

salt activati ng agents, particular sul fates,
mayowsierniag catalytic ph@@mﬁ@p@@ sagneidagae. d%l?@f@tglfétaé suggested

oo B TR0 LY RS B TRty A oo

pref3tiBPOT to TR gﬁt peFRnO¥Lactivarih ©agemen based upat the estal weilkt of

sul fates and oxal ates, While not w shing.to_be bhound,
actiygtmgqget ang EheeyPPOTht WHEE SBE IOF AgEe wtela?ﬂl‘gﬂe sal{gand jong ghppore
i ATAERAE oAb BboritFRAh, SUAAAM U] AE Sl AR
ingnedmmﬂ@s)hs mehgoingde oﬁ(la'thO sul 0l grefarablyokaka@dd. ani ons are

rea Iy deconposed reasonabl.e cal ci nin .

A FEOS SR DeagO BRIl IRy O BgIouy Gl systom in
fdf%ﬁ&eﬂ@v‘éeﬁ m@ﬂ&ﬁlsiaheesaﬁfel s\ﬁ?ﬁdxﬂ% HRRRE PR S iRtdnels
these materials. Iron salts also are poor

1ncludmzd sulmblesicfivatingsigents Fohexamply, ativitodicdrben degiret fuonepoconut

VD 5.1 [ dtod [ ld, This.i
she s e RO GLPRG T S4PEERIL P Ringohlutdes
carfSalprd A& 5 ebEenflphoitForl Fa16 SEAREER IR EqRaig fldafny] a

solution processing. This shows that ingredients that

actlwéaxgulngredmﬂs in one context, e.g., solution

Oﬁg’g%é‘(;d%m%%atn&) Ehe bvé@«[:lﬁt (Efth%l aagﬁvétgﬁi ?ﬁ@&d@f)m%%%rﬁff busk as

processi ng. ewm se,

weHS BOBO birkefid beudifBpothysivag tarbahae a:umlajtwhﬂi@ aane Kuraray GC
conditions 20 that work with ather suppor d| a. 5&9
carbon

carhopemng gisaray &G aarhorz@SMOEfb@eﬂVéd grom %Qfemefr?h@# Sz
is tl{eq{amrﬁl;)&rsltll% % HF@I@I&M@? ot s‘ﬂﬁﬁ%ﬁ% dté‘ @@tcarbon is

um na, Sl |ca calite,
s1mﬁmcexc&ne1nat\mmn beart acidtvashedi anld tlaenseadtdnslvbky\mxscd woth water to

rempp, e PolB SO0 OFF At et able SaRsTs, "When gola

is dE}?(% tbd Ento TRAL Bwo Zﬁ%ﬂstlﬁﬁlgalﬁ%k!h@\é@stérﬁ dBAV&I ﬂff&h‘i(uraraz_; GG
ered structures and to not posSess the defects 2

cartwfn (Otcheles thei pdtessiu®i dartymiie) & a verp gaodjmtaimsfiew @@ axitatioBs

b SRR EondEnd P Bt B

KufafayBC ég®6n asssentidRP b hofBdid, caftdaxte Pl 16% ateviabioy CO oxidation
surface treated in some fashion to enhance the ability

in dgy or hureidsgyireneents Furthsbilf hedyatay COpubemisuyashed to remove the
potgs% Y @ Qaqa@%ﬂ}nc gﬁ% V% B¢ ﬁlg Ced gﬁsﬁr 2&%?@%&1@@%@1&/ c%hr%omsed

em tan e range an
Cata@'ﬁa a@iWtgrcas by r@bvérﬁd bgdis 1ﬂ ﬂie adhaiddrhey 08E narbowis 1trtpeegnated
activating agent, the dirmunt of

ol.d t.o be ,
with 4@ 8FtHEHAS agHf By 18! JRPPEIPN sl %ﬂj{yl}?@edmpf%amd carbon is
thermally treated (described further below) prior to gold deposition.

TEM (transition electron micrograph) examination of the gold deposited on
Kuraray GG carbon particles by physical vapor deposition showed the presence of

nanoparticles and protodots both on the immediate surface of the support and in pores
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support, and the like. Generally, if too little
activating agent is used, the potential benefits 31 WO
wWQOB50888882 PCT/ US2004/ 031265 of using the acPCWHS1004031265
agent may not be fully attained. On the other hand,
beyond some point, usi ng additi onal activati ng agent

B R (AR SRR AN
nncrﬁgﬁi%h Ckh8 gbd, wRASprédeagRTofein SepAaLIenaAg in &R sBRAN@dr\6rms.

mbodi nents of the invention may include fromO0.25 to
The zald pagtiqlesebanedprgferentinlly imenglhgropeescmdtiisatredgdeei posgsiin ghe

cat 50 b RERET P ) B P e

patté@hslo®ne sQffadBxsTahe airsox| Te vk ﬁendahﬁgcabﬁthu saﬁe mglon showed the
conbi nation, the nolar ratio of the salt(s)

goldgreishedieriaonsiclglydThs ppdormity ofithe geld rdﬁP@fétlQﬂ corllfib@clﬁaﬂy

seern Ot TERE ﬁﬁ% abipye %o lfétag lt]nat whg O%Qérbé/c?ﬁﬂ( ﬁl\ff‘%fét as'Small as
e 1'ncor por 8d 1 PO t erogeneous catal'yst system

1 nnh br led<aral a¢ darge by atafut Gininf. €Tiengol dveiyls gollrzremier of sishaomsessre as

wids g 1508 PRy 5@%&386 aie2h (PO i ries v r i rich domains
comgﬁgﬂi @x&%&ﬂng i n a glgg}g'lh'ﬁt g?@a? L{ vaRiikE B !gﬁ’t rbﬁl%hé*‘ﬁilecﬁe dark

otassi umc con ituent. This
f1e1chmtageaitésjunkmmm@mhjoﬂmw rtgons raltboneghl qmmrMbm tn cfheracter did

d ca Wi t hou quiring additional activating
nm?ﬁ%ﬁ“é%ﬁ“@%%@%&”%ﬂi #ag})é(?dermnstrat ed the benefit of
us 'A'lﬁloﬁgl{ hotaiSEing 8 BO Bodnd Wy tR&QSE P M ibosHivRkexpFanatin for dige

the benefit of usSing potassium carbonate as an
perfemange of pejasagen t:arbmmtgrsetbat@@ass;amb;@fboam Preividesesjteemhere

wate%gug 0{1158@?1 elngg c{:' d &, ?ang \9(?1% NS x{ th%gtf'ﬁ &‘ZSI({ %lf{l%t?%e more

active 16l thR8sepos aﬁﬁlbismrear bonate. Kuraray GC carbon is
simlar_except that it has been acid washed and then

ex (Unike Fararay Gk earbon. mrpnyeether desirably suppeised et naturally include
an a&%a"ﬁ?gt géﬂt c @Bﬁﬁglﬁ&ﬁlf‘ Fl‘gso%éqiﬁ aftel A 12159 beRE&S ?é)ﬂoqm&porate

cons ents e osi't onto th
an actavraiap agers cogpNibg ohd er mgst aanstdeasntwmﬂo ﬂlecdmh@d saxpgyrt GSEuch

car bon (includes tgﬁlggt assi u car bonat eg IS lﬁﬁ
mco&?%%ﬁ%’aﬁaalo%‘tf 1R 1Y PHE o CIP’Q%%W“S SII?PEﬁﬁH‘éPO oge
sultelwgqeghrﬁeﬁhd biid B0Snpldof Lﬁﬁlg%bhﬁ'bn hapenddim a?ré’ 8tRMbed in the
derived from Kuraray GC-carbon essentl al n
Séwix pdding an

exarpplteabdomemﬂtyomatp&f)nt h\agless)wmcgnavom invbbies
m d, envi ronnments., Furth

soluel epnfrities s AT EMNAROIERS el b Tnardclsse M ipe. The

solufidh genegatyak Yldeel ndin 64th@ABH, dhY a8ding BE ex@S41bt Qi GiS dedtrably
is significantly conprom sed. Catal ytic activity can

avoiged.r Buchvretusignatypiaslly re agseqissnd dhaqangerisplion of apdowpesigs of
actl\éaggg ggé}ﬂﬁf ﬁle s\g'luttllan %PP(Q‘&]E# 1\5% {k{éq%ﬁ‘m&e&tnfgot?% él%ut tO(Q moqabout 2.5

espec car bon

Iﬂ}ﬁ@ﬁ&lhdnyoﬂerspadleﬂoﬂz@asaxmg@dntﬁy td teeaddbé| thele rpayt oy added
egil d deposition. 30 TEM (transition el ectron
togeFReE rS6BRTalsH) OBIPANCHAPPIAS faéhwflhé G5 IaPTgERion; g pafticles are dried

and optionally calcined (thermal treatment).
Deposition of gold preferably occurs via PVD after impregnation, drying, and
optional calcining. Bifurcation of impregnation and gold deposition is a distinct advantage

for many reasons. First, if the gold were to be added to the particles via solution
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Kuraray GG carbon particles by physical vapor

deposition showed the presence of nanoparticles and
W@e@b0siB8s both on the i nmmedi ate surface of thECEURIWO4/031265

and in pores 32 WD 2005/ 030382 PCT/ US2004/ 031265

i mredi ately adj acent to the support surface. As could

ool B S AR S b S-SRI AR p O o
instaﬁs@fﬁmﬁtly,_sat d §RERE comtdalyankd ilalitic @6thbay PiRduse of its

preferentially in small grooves and fissure-|ike pores
relativalytlhe costaishiny agidie whakineoie inchippetile avithdrpsistact vating agemds such

ol artjicles in.linear age-|ik ter

os o Rt R Ak 0 s SBD e R I e B R o el e
usedSREBlik HpBMMRE vidied tepaislwash Awhesbnsd 6f thé Hesed activating

clearly. The uniformty of the gold deposition could
ions hEhey, absequent denpsisian of goltmia PWRJesonprbitignpaocess) seraraie from
.__that. r. Fve ) I
imorp GAiol 3 EEF SR s BB B BRIl 8 ol Mola o be
subs@hagemofy casily uskidiin bembidatorawith thede exaseradl effedti veracéveding

as |ong as about 50 to 100 nm There re al sq
agengol A #1 eddlitipsahidrantage. diismethadailons soliioRn ‘%PPEPWQ ogi the

r vt in 7 € 1d

suppE P s P R 8ot e dd i plct IR K (B ORE Rl P
depaaitthimugborendeevitr ytiavdntine is so actine acdepositeli Withowsrequiring a

coal esce into single crystals of gold. Although not
subsgguet Mgy} UsBURFnd by theory, a possibl e expl anation

f ofrnéen tefbleat (FBRGEN A fof RS REFABIEFHORIRIr €0 bSldIdBgdsition,

pot assi um car bonate provi des sites where 15 water can |
howeldts orab belverieleaneficial. doseme instases anectivaiiagagem anayhgt function

.qol . ) ' ' f
to g s e Nk PPt o R hbE ol 55 SR ©
dem6@&iabROhDréwaRafstvehed Sh@tivadi g geht ycludes waitrategalt. In other

~activating agent. Consequently, in sone instances, it
instangss, e peciormansE et A oilPibE et witiag agentayequld he frthengnbpced. For
. - E P i .
e DAL RSOSSN i el et
degro€ siarcaltinihg N¥et, sdliscugh syyotasiunessbomps egdai alorady be prastive

suj tabl e techni que, and exanples of using sol utjon.
form w}awgmp&tswfﬁdaﬁgi @§?§Pﬂ%}?§dl%?%t?(ﬁ%lppa%ﬁrﬁﬁ’ggeflifiﬁﬂbvé}md’ €8 at
a tex@ég%ug/ey up dﬂg_rh%bﬁ’ﬂ RIotC WathBESRall I AR éa@(fining\f&!afﬁ%t.

ing a solution conprising the desired
ac i gateralgtheigeni trestmedt invelyppleating sle inagiregnapddi supparkatrag .

The sal ution ge ly is ed unti.l saturation, a
rempgipirgn 4 BREBSS T Lo AP ek fmeRy ot s he B
secor $6146 Abut | RBRrdb¥iPl ARMILY tP6 BoBEURQAHS s@ifibld figosphere, such as air;

concentration of ‘each species of activating agent in

an inemeatmobplteronich envitmigty caebon giaxide; aEgnge obk IFdBGRE aleasphere

0. to ab 5 | f , ' .
e e
upoh S@eir Bicludsfae ahtalteyof the sippon vad kieppiting of dstimpregnadts(e).

i npregnation, the particles are dried and optionall;
Genggﬁw t%@@ne(lttrﬁétm?ﬁr shopldbqosanielow a temperature at which the constituents

of the impregnated support would be decomposed, degraded, or otherwise unduly
thermally damaged. Many calcining treatments of impregnated supports are described in

the examples below.
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30 Deposition of gold preferably occurs via PVD after
i npregnation, drying, and optional cal cining.
w®@edoandmssi on of i npregnati on and gol d depositiPCI/US2084/031265
di stinct advantage for many reasons. First, if the
gold were to be added to the particles via solution 33

WO ,2005/,030382 PCT/ US2004/ 031265 .i i Q. h
i AB0gE SRt 2aERh Y SOPRBR A GURatBe: (s She Bt e
formh bfMihé 881t oY conktBbRNERS aftdfitfebfpor@iciah@ tBPR&E®Seneous catalyst

commonly used in solution nmethods because of its _
systeraligmatkapyn|vith eesginty.i Anglgsiy brairay diffragtionghpws no distinct oxide

e TEPIEP P gl L LIS i
ther€fase hantierethibioh Choelrehctqiewitle andimediffed tiseghppbi eurface.

aqueous i npregnation wuld tend to wash away sone of
t hdhgesp patdaEaEs gt srryicationgdor eptalysts ofiipe pifs@dnvention. We

beli%ﬁﬁitﬁésggaﬁjr%sg%iﬂ ﬁ’ddaag?}{&tl(oﬁ iR Er[%'aﬁ‘@els W LR Rn PG ERBdmobile
separate from inpregnation with activating agents Is
exhauss iaghydrogantiopcatelysis, dseatalyses fohtie cxidatios ofjbydtotasbdns, and as
ubstanti al | re easily used in_ conbination w.th
catalBeet BRECEAE P! RrBi pntRery AR FErcrsg frseiRon nd
mea@ﬂ‘éfn‘éh%?ase%daﬁﬁ RLAES, ankltiS rdRENOHoR thPMted Aleds T Reffiratory
deposited onto the 10 support wth the activatin

protagemtdesiceesibh as smpkaicesks\y es¢apa khoods ®u1CkussﬁJélyr@ag@mcatalystS

wh 1 d_. deposited jn accor cewth our inveption
ot théhuRinh foiBE SEnerEnet FBRO ERDGo b celhed tigh Qe e

S U@ PpeBht ihAgitidR will oM BEEMEther IdedBRU it tHRILNSRIng illustrative

(cal cining) of the activated support prior to gold
examplgdsi ti on, however, can be very beneficial. In sone

i nstances, an activating agent may not function 15 to

the desired degree until after calcining. For exanple,
TestMeghd 1:0 O bhkdlenge Yésepfocddamnst r abl e i nprovenent s

when the activating agent includes a nitrate salt. 'ﬂ

ot Hag- 4 shewpdertias syXeTa SPdhat Srasasrddiosibisst sampliss (O challenges
in oL AR, 0B R e Mg KRG ROk comprssd
front suppby Ahee52 &l reducedim pressand) acgdaed, and filtded byeegulator 54 (3M

vioded Vi Ph8dje BEtdien gt Reatiaton BpkahE kP RB Lonat ot MRS
rem%??;gd’&'ﬁéﬁéht‘é?ﬁ‘ﬁd G& IMRBLhISHPRAURANS ghB %Qfe'lig&g@réésure of

., at a tenperature up to about 20 .
betwéenHOLnd 68 ais]. yValse 86 (goke Inal, Spartangurg 861 isatsed tq et the desired

.general , thermnmal ea nt in es [ .
maif bR raie s Teiped b AFRN tels SRl Eph e Bafifat 8 Baipgton, 11)
withL2 Pfagt ef aowt LEOOOThd Déw anetdr™8 vaschlibtaicd vsihg o Gilipeatai®d
second to 40 hours, preferably 1 mnute_to 6 hours,

1 .
bubble flavymeter (Sansiglyns. as phispevatery Bl it shewn). Ainless offegyise stated
e i ; i oxi de; argon; or
on R T R P F I SR B 2 Fhe T ke
TheTheaniih aiiflaty fabes tabugtohdihtadspscetd dheveis aeated diktilled water

depend upon factors includi t he_nat ur f the
battsGipploYeESA R ApshenETHES VIKITER S 7 5 JRaA 1 0p& 5 mixing flask 66.

Relative humidity in the mixing flask is monitored using a RH sensor 68 (Type 850-252,
General Eastern, Wilmington, MA). The RH sensor 68 provides an electrical signal to a
humidity controller 70 (an Omega Engineering PID controller series CN1200 from Omega

Engineering Inc., Stamford, CT) that delivers power via lines 71 to a submerged heater 72
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General ly, thermal treatnent should occur below a
tenperature at which the constituents of the

w0 pgesesn3st ed support woul d be deconposed, degrBdEUS2004/031265
ot herw se unduly 30 thernally damaged. Many cal ci ni ng
treatnments of inpregnated supports are described in

t he. exa es. bel ow, 3 2005/.030
to m%w&fgﬁiﬁb@i SRIPORtt ﬁI&Yfghotglﬁrva&? r«%&ﬁeﬁgthgg@ﬁwm}m&&ff is
Conu%ﬂg@gig%as a salt or the like, the resultant form of
he salt or its constituent ions after incorporation
| nAcylihdertidt e rcoponaomoxslaeqhipsed wglygtr%ﬂlatgr suitehlpviar CO

W th certai Xl a dlffr
servife bitpfies egsdted BRI esid ThELa By S ERY find heted
met&%ﬁ‘i‘za% "7‘8‘7{8%26181% CoSSolbs, (ﬁmﬂ%sed fo se6thB@ktifdatio flow rate.
thérefore, that the net al ions have reacted with and

Unlem)dﬁhﬁwlel@le mﬁ@a@dp?mﬂ% FAiaele?6 mifmings ugedingrérs te ahigin 2 CO
concelﬁtr%f)(}t% Ei?t e‘}éghseo O(Sf 1%66 ?h t'l‘%ﬁ%letygg ﬁ%%ﬁfbmeld] w1%}|1 trIIIS

I eve ese cat alysts w

humalfidd giain the miking MRslaéeas of treat ment of autonobile
exhaust, as hydro&;natl on catalysis, as catalysts élrsuchas

t h&hegpabined pirem Mga flowa e e tegchanmber §0hayinga oy
an ifvBfed, 4T \ﬁ%{t lenfeg&tgéf et Qlfoszﬂﬂ% E%%%%glgsﬁéﬁgbﬁ pRRfOPAISS.

or det tion an measur enen nd“vapors,
Insiderthe €8 ¢chambea80 fsraoumstifixinabB2.c ThatestshantRes B kssealed to support

rotectjon devic K Kk hoad
B R o S5 UFT STRES MRk B SSCape Do
to the Q@p&{ SR @43, WH@E&Q‘HSCaﬁ:@e RmYIadb aﬂ@@%tafl}‘s@ f8xt fixtures to be

hi'ng air. The present invention will now be
placéduimside fordessingiapd dakien outaster mstmwsr@mpldctqsifhaﬁupp@rt platform 83

|
s e RRR P A 21 GGty Wl TPt SRV RS Wi e fae 8
conthifinsUhdé £441ySAOPE @stddas HouebBal | enges in order t0
assess catal ytic characteristics for oxidizing CO

H ghe Gsansk £Q: eenepnieziioasians the dew deins (@pPSFaluree geapuyed at the

oud SEHRSH bR B U Mo 1 Sz o
(BruEie&lKJ&Irl NRrita  Tednma3kynGo sipay eqippedaith opti®dl fillters #9820y detect
particul ates and oils. The reqgulator js a

d
COGRIEH taar B o Reolseis MO e A 801 e Cppm CO,
and y@b(y ELGC(() ?ﬁg Stahdfds fo? fn%@ﬂ@hﬁ%ﬂufaég'}eré Fecbﬁ']ﬁ@ng@df ﬁ%&\?dure.

BSited” main air wraeas measur e
The NEIIMga5Mc(n@ot owputs dita t@adaantquisifioBdevicagitobras alchyrt recorder or

of 0 to,[7.LPM __The fI t 5
o ey Do e HyPirermiod SOnpae gry eSheye B by St iBles e
impdrRANaioMRLosokt® ExcePk St M I crodols C(b'l?t R%Hﬁiﬁﬁ)l WU f85&ata
otherwi se stated an airflowrate of 64 LPM was used

analysps. Rdior to dnitihtyrg testggtthmg/stemh@() wallowsil té ¢Wlm@§@ & constant
con L htlrr%u&hoftn%%ﬁgﬁﬁfdlsﬂ%ﬂgp%mG a\ﬁ%bﬁu{ﬂﬁlathg %119515(56) lct)l%%ntration was

+5% for samples tested at 1500-ppm and +3% for samples tested at 3600-ppm CO. The

temperature of the air stream is monitored downstream of the test fixture using a K-type
thermocouple (not shown) and digital readout (not shown) (Fluke 51 K/J Thermometer,
Fluke Corporation, Everett, WA).

Catalyst samples are sieved to remove fines prior to testing. Unless otherwise

specified, samples were sieved to remove particles finer than 20 mesh using U.S. Standard
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bath 62 of vessel 64 and then passes via lines 57 and
75 into a 1000 M mxing flask 66. Relative humdity
WO poosts038i xi ng flask is nonitored using a RH seCiBU82068031265
(Type 850-252, 30 General Eastern, WIm ngton, M).
The RH sensor 68 provides an electrical signal to a

. hum Qi roll.er .70 E P -
Siewgs b VLR J R AP e ga VBB W2 spegified
catagtsamslaﬁle ty EJEAH}I Tou muled iow@sBinRPine alumhidumitére Sixtlite 8Dwath 8.9 cm

subner ged ater 72 35 WD 2005/ 030382
(3.5pornyszhensteFndeguippediithaiontar R8/42-ppared figing asing gileading
o 53R SR 3y S S K s
facigg) uamp edypicilibed demh il @Ip@dixﬂlﬁteis}tll 6&!&{ ©.6 m). SQeermansinte] inside
theggow des a reqgul ated flow o [

ine_73. A
P2 Tepen! loss @ gptalysh ealalﬁ@ﬁ éanns tw?%lpgn\yﬁee fhpaneagured
CO piRAR R b O bing BSHBE g S OB i Bcdiected
fronmtheQ6p of thritest clambee 80 ivia the thperedditohg &ioh sla)v(i()) the box 81 is
e ai.r. stream.of 150

remAtib ABLTOS BB SRS G Hind Br Gifha 25 o7 fitgageon the

Ao BB KTRBbox81Eis ¢HTRIASHA SEA1EH4D thd Qppbit mfdn&ltszs Co
SUII:)Igﬂﬁe(blt egt charrberOXSO ﬁa%& a box 81 stucﬁﬁ)p %

and iG{¥aronesfratiGo np@memqttebfrgnw:hes theedir/ GOdREng 8P @sramrylected to

e GRERRLTSTUPRE bt B OHPRER. ARRFubhEsd il v
sped1ﬁe(§ﬁﬁb@@n@d§t rgomﬁhﬂagform 83 using a foam gasket
(not shown) cI anp not shown ensure atig

sedfor tasts rh gt @MplerWIﬂpB G- 83, variee/ Soas e a%eéinWlﬁ‘éa stainless
\ u
ste] AER§E L. B RERLR LTS (fUeldl G0y 50200, i B/ 6P ool
of heghepCet fowrhtee. support platform 83 15 is equi pped with
an inner 29/42 tapered fitting (not shown) onto which
the fixture 82 containing the catalyst to be tested
£¢Ehrdmat € TP REGER I Appirafitd t he dew
Tes{?%@%ngefgturog%@n neasured at the “outlet of the
t esl'ﬁg Chehobs ra sygemd 08 uBed fog ch@nigtegrapWi¢ anal ysisofivatal ttior

130 Na k
A dh seppen vt p ineliclt f hleRes L O RerbkpRoy 9%
v/v)%e@ R0 4 19818 Q:buﬁ@l tolN1ouMH 104 &%ﬁﬂfi@@'cbﬁolgréé@&l air via

calibrated with 10, 000-ppm CO2 and 3, 000
lineshOan degseigre fregulaben ang Shtlie)f v 51 andsfine meedbmﬁtbﬁd@a elp control

h t { put
the FPETE i iy (et at 108 TP TCOHLR SnBha b sftamgtes
1O7|(ND[5}Q@azP@1f Liigni day 3 5O2pRew eube] Nﬁimﬁﬁﬂé Wey)e (Hilgraeve,
Monr oe % Text files are inported into

M cFhsdirt of buildingeqompsessoghais thramgh basokqo letﬁdﬁced IRGUFASWE:;
reg%i\ﬁl)edfa% fﬁ@}@&%ﬁr ?I{o}’ﬂ(?@l\ﬁ)ﬁ\}[&fel YPokH6 Ml%hﬁﬁoﬁ ard RQ?Jlation
e

system owed to equilibrate to a constan
Panel) BVEGbmphry0 Bt. (F’Euln M N alHeyre B 007 jsuadjuS@d tygiieahielivery pressure

the initial ncent
of between 40 and 60 psi. %one need fe Vaﬁve %s used to set the desired airflow rate
through line 106.

The flows of CO in air and the building compressed air are combined at juncture
108 to provide a CO in air mixture of the desired concentration and flow rate. Rotameter

114 (Aalborg Instruments 112-02 flowtube, Orangeburg, NY) on line 116 measures the
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5% for sanples tested at 1500-ppm and 3% for sanpl es
tested at 3600-ppm CO. The tenperature of the air

W@ eeam3sxs nonitored downstream of the test fiRCTDS2004/031265
using a K-type thernocouple (not shown) and digital
readout (not shown) (FI uke 51 K/'J Thernoneter, 30

Fl uke r ation
oral gl 658 SOB e SP¥ReoL rPALS: PESt PH R B oG
bubilé hs{sv%&sr (fnépﬁfbkxf R@ﬂwe& AR ERaNETRA ShevRayitPréRADY The two
particles finer than 20 nmesh using U S. Standard 36 WO
rotam@tw/l@g@agzl ek abeseoi/ i esncsnigaiiens {ramsibpui0GE tp20,000

oon 38551 B30 om S YRR Ry 0 b v

Cond@@ﬂ;ed into the aI um numtest fixture 82 with 8.9 cm
(3.5 1in) inner dianmeter. and_equipped with an o

29/The dilatsd CEYinFaik iHpre s ling 150 sdhen Hgridtfind ity fifélred RH by
pass?%‘rhé Eu? %ﬂ%dugmél%ep 89012g7tgth a%ﬂ%lﬁ fgﬁ'ﬂg 8?}% bfe'n;f/ glitléépf]qafb(ger{d@ dryer 118
as sltbayat (Peitaa BpRMK ]riﬂt]@Py Tonf3 River(Ne® Jemgy) @craaag @s a humidifier

nounted inside the test fixture r.event f
or by a@sg;rnﬂghe gépppgreeg al{gesterg VF%???%%““W Sypt ?r ot s%own) Wet
air iTRADHEEH to @Q/e‘f PNE /by % TR 2039 SkPiih 1€ 422t hiethk WieRGrocess,

carrying ‘the air/ m xture is disconnected from
a RH bfatiomp 70% wasebtased at hadiryerat@ef 200ankhin. t Wpksiets fapsedithigugh

the iy s W neigp oo e oy e Ml ieditepupe. The

wet %Qéﬁ@otﬁlhéd bjﬂgulﬂﬂh g'&ﬁmpi&s&impﬁhfdugﬁ laa 450 1 8o a ek dIGfXater

is repl aced sealed to the support platform83.
malma)ned\ Ak @oErobed tﬁ@meraéuﬁeon anelsigeinteurater oty 1 alpwer Rids
desq; L {hl bh blaf?xﬁeeostffg% %vg{e? %%t'ﬂri? goéxfeg%ctlﬂl nltl)h{é%é%qr?gﬁ' S xture attains the

desiPdAaEHr E’l’ﬁ%ﬁﬁ measuindd e GederabEassqpe ElybiosM 1t optiealpairiardiew point
30 m nutes. For tests run 4 LPMw th

t |
hy bbb SR @Rers SpemiBsiuEens e Wita Room fimagiature air
Satu%%Aa&lﬁﬁ kvategggfor Fll%dt %%_&‘ﬁl? hﬁﬁé Epsh\éﬁlh\ﬁﬁndlfles a CO/air

r control of
stredth ghH00 0/hinaar-80%sRHTest Met hod 2 Chr onat ographic

'ul'g ifyleflzc)raﬁg ygﬁ#ﬂg}’fpég GSP%E a@ag:ﬂz %ﬂ]sdeBPS Ig%%’%@&%& ! 0a sec%on of
thick RANBEE %{ﬂﬁb ifoByefyl SRMMbIAS 125458 mcilfpig 1eXigh WiREma ditikst bed

pressure COin-air mxture (1.9% ; stored in tank
1251 @2catiod plieg W 7seals onp prdiof tubalgsl@ér &"be ingfir IHLKRINIGINagses

106...P
oro§ G5B Lt g SRR S 1 00 v
sam! Iérﬂlfe@ fgradtahe‘iz fHagwWr @fanfiBin Corpbratib) H@u&bbdrynMAl)Qﬁto tﬂ'é‘l gas
low o COin air is neasured by rotaneter

samplingpielgaef ¢ mslrchmrqmpar@ph 380 SR gl §HEC WW@va@gl@Ph with
gas Fo lnégv il %i c&*&uk%@ganﬁq{gﬁﬁﬁsi&‘ﬁ?at?d ddetté'brt(gkl Ofbrrance,
i R P T R sure, regulate

CAY. i THeqpaettulhate flﬁ@UI%thDteﬂ:fk@he( GV ViebddtonV\d2B0¢: By particulates

Filtration and Regul ation
escaping the catalyst bed.

The gas sampling valve periodically injects the exit stream from the catalyst bed
onto a 5 ft molecular sieve 5A column. This separates CO from air. CO concentration is
determined by either a thermal conductivity detector (CO detection limit about 500 ppm)

or by a helium ionization detector (CO detection limit < 10 ppm). The CO concentration
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Panel , 3M Conpany, St. Paul, MN). The regulator is

adjusted to give a delivery pressure of between 40
w@eas083gxsi . Fine needl e valve 112 is used to BEL/USINE4/031265

desired airflowrate through |ine 106. 30 The fl ows

of COin air and the building conpressed air are

. _conbi ned at. cture 108 t rovi

18 IIW%?{Q#@PB‘?XI?%@ Hvery foyr EJEJIHE tlgentegtn gop agw? And recorded in a

datafptaneter 114 (Aal borg Instrunments 112-02 fl owt ube,
Orangeburg, NY) on line 116 nmeasures the 37 WO
20051/:@3&3@20@@6/ da8bott) 3l REBE e dnawniflognobfcatteertified CO

streans. Th rota ecallb

(09 SATBE it B o i fs &b RESFLCOZRB AR R (oD elifrator
Sen@llydelGilibadtad Gk chestaton Tleaivaley, L) P nesibtation Dieve iv@enerated

rotaneters 107 and 114 are chosen to obtain
frong ieeeditt-at i ons from about 1000 to 20,000 ppm CO at

flow rates fromabout 100 nL/mn to about 500 nL/mn

under |lab ambient 5 conditions. The diluted COin air
GolmA}ifplfcﬁtlbﬂ Méthed:1 Podess folp @epouitionlof gald namophrtidessinted

assing the air mxture either through the

S“bﬂﬁﬁf@rpafg%‘és ‘of a tube in shell Nafion(r) dryer 118 as

sh r S

opa B ePREIR EliBelth hd Herktfd acRifbicl iloho it FRIS2HI43 i
usedrasdfollows tdpepaye catapmesmufmalS/amelelhng;torth@foﬂqvgng\@m@cdure, unless

nqQt sh . W\t ai s introduced to dryer 118 o :
expib RO 50 30Pe WhambSre BERTRE S 2%t ek 385bt 200°C in
air dv%hh@{t (1%0@01%%@ casé OM%n Adetdtes) WdadtRSvealtiahderhi@l They are

flowrate of 200 /mn. Wet air is passed through

thert piecedny@rths pmmlcleta@tammpnafayu& Kewhily/hatomdithg |cha1§b¢rééﬁ$ then

evo 30 T U0 ST RS AL B T el B agine e
adnfiftéd toithd ehamnter ag kit 9 remi‘e%f abdad 10 milliegr. alhagsld ﬂbp@itioﬁd
tenperature in a refrigerated water bath. If a_| ower

proqess isgherssteyéasi bxe%pplxm&a cathordie ROVierot @03 Kéowattse rihs RaRicles
agltgt%}[\@{a?tdél%_ltrbé?hctdrﬁ? alg‘)Qt 4 ﬁ'dﬁgﬁ%gl{eﬁr Eeﬁé o tfbé éﬁ‘g&ss The power

ure tern
is stolgpddoafddr GOpiina@s. The (Ifhal’ndeW: B diacktfillddywitto aieted the@eld coated

pat{aloifish ERTH B T PN AS 0T EBI S APEF 34 Satighod pefore
andla%tgf &)ahng ey gaefnlﬁfl e HeY&oush& /éolch Joditdd. e tRe 536 F Earbon

stream a mn to >909 O The cat al yst sarge
partfaies, el a]ncaino of gdld epmsitehwaegdtérmingd nionfdoakked plasmg edemental

ectlo k wal.l.ed ol yet hyl ene tubi ng
anagysiy 036 Fe*’ée ?1“? @lf:sntodbé’ &Q}gréf%‘xgwcm al yst bed 125,

A 9i4thBldeosttdoh 6@k Stheap BBeheeh tHelblhdg 4224d tHd¢hatBer wall

in air mxture passes through the catal yst bed and

wert mesinteined agh 7 aup4dapositipa cendition b age’ Finp {depogitign condition 2).
(Bal ston DFU sanple filter grade BQ Parker Hannifin
Cor poration, Tewksbury, MA) into the gas

Preparation of gamma alumina particles:

Room temperature deionized water (2600 ml), 48 g of 16 N analytical grade nitric
acid and 800 g alpha alumina monohydrate (boehmite) powder sold under the trade
designation DISPERAL were charged into an 18.9 liter polyethylene-lined steel vessel.
The charge was dispersed at high speed for five minutes using a Gifford-Wood

Homogenizer Mixer (Greeco Corp., Hydson, N.H.). The resulting sol was poured into a
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25 sanmpling valve of a gas chromat ograph 128 (SR

nodel 8610C gas chromatograph with gas sanpling val ve
w@pasosssal conductivity and hel i um i oni zati oPCT/US2004/031265

detectors, Torrance, CA). The particulate filter 126

protects the GC val ve from damage by particul ates

escapi ng_the catalyst hed. The gas sanpling valve .
46 ciieR PR ARLEII G Poly iy Sinen i me D auBite Roi L eb air g ot
100%€Q 2 FApRRLRea 5 ft nol ecul ar sieve 5A colum. This
separates CO fromair. CO concentration is determ ned

by Teé tevelting drihé matdriat waslorushod usingte{Browst typeOD pulverizer

haviP il AP B EEORe {eI Lot i hciconed and the
0.126%A 2 8185k 1 Rhrh QBredBsiViinafdial WadRBdndGHdWWRRFed i3 8e@nd of a

i's nmeasured approximately every four mnutes during
calcinbewhigh twas @i23pinaiemeteadf eteblons gtairess steghivhe hayiag a 2.9 meter

Thes t ect or. r lyi . i [ : .
o 5 RSB P P2l BRIl B e
at 7 §fm ab prévadeesidemieeinkeeiibo@Q 0 00 edihuted. | Thscaldinanirad a hot zone
calibrator: 5 Sensidyne Glibrator flow cali g tor
fecdne smiBereipie GFEPOUL 305 FBA &Y B empyetys of et XL The gos
abo%:rtﬁgrhﬁlﬂﬁr?aﬁp 18s ?tgf?é HotARRbE ARtda R VRS R Ak asiRE@ EHDuf 0°C
eposition of go nanoparticles onto substrate
durip@theicalcamtiod) THeepreiiped mbtesaldescihebectedned thbe grsttai thed 20

descri ption and shown | n Fi 2. and. 3 1
mesh Bt BHbFOLG e rO et o1 L Yiaidard Siedes At g o
specgiif%tit)ﬂ;l T g%iggk 05C MlinRicleit) TEP SThi€ ¥RE 8%8tioh W @dignated

erw se. cc of substrate particles are first
alunieapaticles “ABodn a@dionilrsamalerof sheprei-figd riaterpbwian seregaed to be

case of c on.substrates), to.r.enpyve resi .
greai et R 8 dish Bafil ' f AP e e S St Sieves
(A.SPRATELY W SpekFicaibh.eTHeVurdaskl Col) eViaiRISyE LY. 4Thes14 1020 rhésh

evacuat ed. Once the chanber pressure is in the régs_s
particty sizer samples wave degigrstedsabuming miapslesa sB - sThesg mageriads Weye used
. .the chanber. 14 about 10 mllitorr.

n thﬁpée%"ﬁﬁmooéfﬁ%esfio ?,\gﬁqu %rﬁﬁo% gé@pl(&{s/[s't hen started by

appl ying a cathodi c power of 0.03 kilowatts. The

particle agitator shaft 40 is rotated at about 4 rpm

Example Ag {hwedgbGanyap ddwming PHiticlesss. The power is
il i ' kiklegd
\?vit ?Iﬁ’ﬁ@% Q’Jngxgﬁ taﬁgmﬁré ‘9%’[1@@5 Wg%ecréé%'mﬁlﬁ odit vyplRaskdskikiea

alr°a go coated 20 particles are renoved
sputerong ak Ipeeviqp by descsbedQusinBieporition eqditicar 2.t Hregeerfopmanag of the

o e R euBRe Tih e (ool e 1ol B BEbAE bed wa
meaggfea 'uﬁhg st ERE0AMD Ut (0 cRiled o6 QRO SEACEFHHED SRl taE wtaleds

I on-coupl ed plasma el enental analysis on the
flowt raéetwesio hietsomin aFhei gab ss plo83% reladevbumidity DiRe Fegulisase

reprg%g‘l?%lhtgirlﬁggg Iﬁp g g‘l asndtot eer%%lakr)egtrgiﬁ% T {l@s:’e Qlaﬂﬂa‘fe% cﬂgplweasured

gas concentrations in ppm versus time of testing after test gas mixture is passed through a

100 ml test bed. The elapsed time is represented in minutes:seconds:tenths of seconds.
Example2 Un-modified Type B Gamma Alumina Particles:

Type B gamma alumina particles were treated with gold by plasma-assisted

sputtering as previously described using deposition condition 2. The performance of the
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25 were maintained at 1.7 mm (deposition condition 1)

or 2.7 mm (deposition condition 2). Preparation of
wW@2200903@Bum na particles: Roomtenperature dei PCI/E804/031265

water (2600 m ), 48 g of 16 N analytical grade nitric

acid and 800 g al pha al um na nonohydrate (boehnite)

) l.d under the.t .30 i.gnat i
S AR S R
mea§irB€ Lisite e ethode THRATQehMRE gdlivaPB6Rashna COghths prglcbas

for five mnutes using a G fford-Wod Honogeni zer

flowMaseewag @ kletsémivorihe, gaptyus i35 relptjve hppadite sTihe Tesgltsap
reprias qu%ed 7i nto a 39 WD 2005/ 030382 PCT/ US2004/ 031265
PSR % 56 ‘em X 5 cm pol yester-1lined al um numtray
where it was dried in a air oven at 100C to a friable
solid, The resulting dried material was crushed using
Impye Ing Lardides: naving a 1.1 nm gap
bet i bR Siqui Efo REShL ShFFMRA solubl
scr%\g(ﬁg%&gﬁfdrﬁ {5 Ergf)reg 0. %gléluﬁnw%sgﬂrg%gut gﬁﬁmn %cr elen sisozlé ©
salt ohtherimplegnatsorr metal wetl daiodizedisvafee th sufficienthiastity tofgererate a
cal ci ner whjch s a 23 cmdianeter. 4.3 neter | .
solugipn iayios ecdesiged ERMSENF PR AS M EXGRg, (9 DICRE @ Dol softion of
potaﬁéigﬁl Qebdidiel (RO LN8H 22t/ Bolt), 6091 8ESF pikdsBiuhPSpSsHatd Wad disolved
orizontal, and rotating at 7 rpm to provide
in suffisiededeienizédrwatef togpieldta firdl volgmewif Adtess. The cal ci ner

and B e B e REeb PR bEe i it Npfress

techARREEn¥d1esal dhiThdkdti bt the Hlﬁgregﬁatioh%olm@bn et theafry,tdaenma alumina
cal ci ner was neasured at about 380C during the

partisa¢soviida stisnng thepartigles-with epaddl arspaiula,yatik the potes of Hgegmma

t.o e . . . i ..
sty i1 3o AR TSI Bl 557 ot R slion
the @€ bf 1he @hindik aldhhalMartittek Acexcedslofded imipregrlatipn sdlhtien, as

size fraction was designated alumn etﬁ%rt icles, "A"

evidsacegde the gl esAfyREOmPL it phase PP PERCtHEER icartigles was
avoﬁl%g.ﬁ 9\?%9 Fﬁggﬁaﬂ%lé&w&é %ﬁi}%atﬂrg@@, tﬁ@ﬂ%ﬁra Pt i0Ed weRSHied in a

I'n size using the U t andard Si eves
foroedafs.oveat BOIC anpecird caeinedss deftribelliodesch s@ople.
Mundel ein, IL). The 14 to 20 nmesh particle size
sanpl es were designated alum na particles "B". These
Ex ;rrﬁjlgllﬁ@ al Prep&ffidhSFPothRivhh € aPb&RAE Mnppébifited BAmma Alumina
ol  owi ng Catal yst supports. 20 Exanple 1 Type A Gama
Pargiclesi-rsanipde heated to 13876 A gammm al umi na particles were

t ted wth ld.b . - [ ' .
8 R e s

wasﬁﬁ{[fr@gﬂg_ﬁﬂ% tﬁéci(r)fc ent GRtss @alinigue wiiged §SME,COaVirek KgaA,
in oxidizin

during gas _flow through ed S
DarmstasltyrGermasy yrglution; Arfgqrﬁa @d@lolﬂrﬁ%‘*@mgﬂ%& grﬁngﬁ’%EO-? full
satu:%gtgo% @Qﬂc%v@@.dﬂli@ Gedufth A a SfAyst support, after drying that is about 2.5%
by weight potassium. The particles were dried at 130°C and a 300 ml portion of this

[<¥]

sample was treated with gold (deposition condition 2).
The weight percent gold on this sample was measured by Inductively Coupled
Argon Plasma Spectroscopic Analysis (ICP). The results for replicate samples were

0.0486 wt % gold and 0.0521 wt % gold.
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25 flowrate was 64 liters/mn. The gas was at 85%
relative humdity. The results are represented in

wo-@s5/08038Fi g. 6 and other similar graphs in thBGEUS2004/031265
exanpl es di splay neasured gas concentrations in ppm
versus tinme of testing after test gas mxture is

d th 100 h | d, ti '
e e ST it oS suuted Y d &F of BREE R e
approXBIRe 8izé rddde OPAlfaRR1eb YR 8n Bndeasii ré%i'é)ﬁitm aPpdaid Clo@s:

Type B gamma al umina particles were freated with gold
représgnatise ofithessinplesths 2ot @ ninn Fheavprage sige of Hudasiclashe ghis

s g ISBE b2 Do AR08 ST, BRLIAIER: G 106 oo
In a €3t Al ofAhe @At abphdkiMuiedizei ragge@D Awpartiglegaas LHawll.4
t hrough a bed was neasured using test nmethod 1. The
nm. (Phectvarage stze ohdd! REBESIp LAV EhR0ngt a1d s goldmagigles were
4 i i The.. . 0/ i
rouf 0 High ST ap R 025 8 SRR LB .
| MIhegeebimmcebf (hararlydt ofsxampRed tvias bxesaninéd furlitstcatalytiof
act i PICRERREGS 517 £18 APp To-Eh & RGP BgHER THsHhci: e CO

chamji.n%@ wAE 1196 ﬁ@ﬁ OWEART the Bt ak foWeRte WALEY Jiteds/thih. The gas was at
geflerate a ol

ution having the desired concentration.
85% =l aive dxemnglibye , Theaeguite peer reprsitdsl i Figl &it These ofsultgillustrate the

. t Iy bonat FW= 138.21 .g/.nol 69.11 f
mpfigedesieife camanars hasoarlnn e Yl Bt -
dei oni zed water to yield a final volune of 1 liter.

The particles were inpregnated by incipient wetness,
Exaripde énciRrieparationtof Potassivar Garkonaté hupregagted Gamma Alumina

ition of, the j ggnation solution to the dry,
Parg‘gﬁﬁﬁsﬁm 'h%?tedpt??@lroc &s while stirring the particles
W tA1300 pAGEHRNQT tigiied samplérfidrh ekdigplpress wicitidieo GadTGby

15 alumna particles are fully saturated with th :
heating intainin agox irvmseeyddioldng dre semplesst 30D G fori Iy ?\iﬁféf cooling,
. r y¥lgs! " : cess of the
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obsErevrifoenank of ihguiathl shatexanplod wae exerined fier its catalytic
particles was__avoide After the particles we ul
scti B i S GAPECTR IR S AT e DS mgPe epeh et )
i {31hs WRIE | AFmElE Sel A
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sanpl e heated to 130C. 710 g of gamma al um na
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Exa‘gngiﬂﬁ ismp rlgﬁgﬁfwzﬁ%l%go%giuﬁﬁ %fﬁiﬂaw\ﬁhpﬁégﬁlatapﬁﬁhﬂn@Alumina
Particles 9— sgmﬁle heated to 600§’C: e g%

A 300 ml portion of the dried sample from example 3 was calcined to 600°C by
heating in air in a box furnace and holding the sample at 600°C for 1 hour. After cooling,
this calcined sample was treated with gold (deposition condition 2).

The performance of the catalyst of example 5 was examined for its catalytic
activity in oxidizing CO during gas flow through a bed using test method 1. The CO
challenge was 1500 ppm CO and the total gas flow rate was 64 liters/min. The gas was at

85% relative humidity. The results are represented in Fig. 10.
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The results are represented in Fig. 8. These results
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carbonate was used in place of the 6.91 g potassium carbonate. The results of testing are

represented in Fig. 13.
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actlrl@emldlma Cd duidmgigasi thyv troughibedaismarip mf‘éhf& 1.t Ree CO
t I I

chalfHe e 1500 pEH D i el B HNRAG W] 64 HERHRILE, Yo o yos o
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and the total gas flowrate was 64 liters/mn. The gas

was at 85%relative hunmdity. The results are

e [

Exdge 30° ot fion @t Poldsivhd Hr AR hp EgRRRUE L i A lumina
ParBakesd cl es - Effect of Pot assi um Car bonat e Content:
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of 2@0 a1l g\ mrd@ of gammwarbuning partiqiaeAr(@eY M yolyme @slam@e% pd.l4 g
resen

samﬂggé) S8 dp w&?‘tB%E%%eE 1}1?%81;5%%%5 = tca%l:: G%@iﬁla : ut01f50 ml of the 0.4
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Pot assi um car bonat e i npregnated ganmma al um na

the paprpgraw@spwlés peemolducaistvia phsmacsusad spyfiegigg (deposition
con %ﬁr?bed in example 6 with the exception that 20.72 g
potassi um carbonate was used in place of the 6.91
g phtegesionmamardf direatatalystbéexaagld 1@ waf examsined fordtseatalytic

activity in oxidizing CO during gas flow through a bed using test method 1. The CO

challenge was 1500 ppm CO and the total gas flow rate was 64 liters/min. The gas was at

85% relative humidity. The results are represented in Fig. 15.

Example 11 Preparation of Potassium Acetate Impregnated Gamma Alumina
Particles:

A solution of 0.4 M potassium acetate was prepared by dissolving 7.85 g of
KCH;0; (Fisher Scientific Co., Fair Lawn, NJ) in sufficient deionized water to yield a
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water to yield a

Example 13 Preparation of Potassium Oxalate Impregnated Gamma Alumina

Particles:

A solution of potassium oxalate was prepared by dissolving 14.74 g of K>C,04
(Mallinkrodt Chemical Works, St. Louis, Mo) in sufficient deionized water to yield a
volume of 200 ml. A sample of gamma alumina particles A (300 ml volume of particles,
224.14 g) was impregnated by the incipient wetness technique using about 150 ml of the
0.4 M K,C,04. After impregnation, the particles were dried in an oven at 100°C. After
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20" Tne pertormance of the catal yst of exanple 12 was |
K,HPamAfied ifpreghationctae apyicles weae diied inygniayenri H02¢ngrflepdrying

durin as flowthr h hed usi s th ]
R R S e B e R
condiBbg2)as 64 liters/mn. The gas was at 85%relative
hum dity. The results are represented in Fi

17. 25
Ex dipIperfannaace phhacpilysbef Pomple [ mncsamingt for its catalytic

.l.npregnat. ' t : Iqon
et P SEREHRE T Tt T e Y B giing B Ritiogdin ke CO
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85%rstptiyp humidifipihe rﬁ?““@&l;ﬁfﬁp’ﬁsiﬂﬁcﬁ’é‘ %&r]?)i' cles A (300 m
vol une of particles, 30 224.14 g) was inpregnated by
the incipient wetness techni que using about 150 m of
Exalf}fle 15. Prp#2d04bf Baiiven Iinppegated Gamma AlupinatRaitighes —
Ver e %gi ed in an oven at 100C. After
Dried at 130°C:

The incipient wetness technique was used to impregnate A-type gamma alumina

particles with 0.4 M barium nitrate (Certified A.C.S., Fisher Scientific Co., Fair Lawn, NJ )
solution as the impregnation solution. This impregnation involved impregnating 224.1 g
of the gamma alumina with 148 ml of a solution prepared by dissolving 20.9 g of barium
nitrate in deionized water to yield a final volume of 200 mis. After drying at 130°C the
sample was treated with gold via plasma-assisted sputtering (deposition condition 2).

The performance of the catalyst of example 15 was examined for its catalytic

activity in oxidizing CO during gas flow through a bed using test method 1. The CO
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alumna 25 particles with 0.4 M barium nitrate
(Certified AAC.S., Fisher Scientific Co., Fair

Exauple 190| Rreperation eftharium dewpregnased Gapupa dluning Eartlcles -
dQon involved inpregnating 224.1 g of the
calg 3980

na with 148 m of a solution prepared by
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e b e 8 0 s A GGG,
sol@k)%%g%%ﬁgééﬁﬂoﬁ Q&h@@r{ tegﬂﬁ Qsecﬂ’éﬁéﬁlgédlﬁ eﬁ%ﬁﬂletmo MA#dr-drying at
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condition 2).

The performance of the catalyst of example 17 was examined for its catalytic
activity in oxidizing CO during gas flow through a bed using test method 1. The CO
challenge was 1500 ppm CO and the total gas flow rate was 64 liters/min. The gas was at
85% relative humidity. The results are represented in Fig. 22.

Comparison of the results of example 17 with those of example 16 and example 15
demonstrate that the activating effect of barium nitrate is strongly manifested after the

impregnated support was heated to 600°C.
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t echni que sed nat ty gamma al um na
857@{?%@@6’#&1@% fﬁ%“t%‘&t@e( Certified
A %&n%arf: Sbiy Bieﬂhe §€s‘uﬁ§‘ bt {ebtﬁngﬁe makeal of- @¥apld\NI8 with the results of

soluti'on as the inpregnation solution exactly as
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atta%@é&a,yfu&n &r?@nﬁal??lgg iﬁtglatl%%gen ¥y, the sanple was

treated with gold via plasna-assisted sputtering

(deposition condition 2). 25 The perfor mance of
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at 130°C the sample was treated with gold via plasma-assisted sputtering (deposition
condition 2).

The performance of the catalyst of example 19 was examined for its catalytic
activity in oxidizing CO during gas flow through a bed using test method 1. The CO
challenge was 1500 ppm CO and the total gas flow rate was 64 liters/min. The gas was at

85% relative humidity. The results are represented in Fig. 24.
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represented in Fig. 23 ari son of the resulfs.of
actiyigsin Qiflieing %9w?%g38ﬂovg§%"ﬁ@5@sbf§ et misthb T 6P
chaﬁcﬁ%‘: Wi ltjb(?pﬁiﬁt(% Rl tRfo@X 2 R hfe WROGM LifRB&Ymin. The gas was at
I nprovenent "Tn catal ytic performance can be 15
85 %atel aiviadindigityu sThegresultsamhiepatserded mfFigcdl.vat i ng agent s.
Exanpl e 19 Preparati on of Magnesi um | npregnated Ganma
Alum na Particles - Dried at 130C: The incipient
Exaffi}182§s F&gﬁfﬁt%ﬁ%ﬂ@ﬁﬁgﬂ@sﬁﬁn 'Il%gl'élaﬁhﬁﬁ! Ghmnt AYRAiGParticles —
alumna 20 particles with 0. magnesi um nitrate
Caltioed by G005 (Al fa Aesar, Ward Hill, MA) solution. The

)
sol.yti.on for inpr ation Ya di SS | :
6.t 0 PR SRR o PR SR A Bumne
partfb@dsOnitly 0d Mahghediomyrihe (Alfh iAeesdr, Wakd/Hiil, MA2 8dlutidn asldBcribed
. mM of this solution was used to_ inpregnate 2%4. 4 %8j
in exaveplall@niAfier garing al B9°Cag paiioy pl/ihg gample wasgelcingd to 000°C and

vl TS N0 R0 M g gt v

assipred kputrering €deplositioa coaditiby 8). of exanple 19 was exani ned

for 1ts catalytic activity in_ oxjdizing CO,durjn S

f 1 olbetneriomgancs A dep cpealisy of bxamilot has pratmngd %5 ils Cheaiytie

i6i 0 Qe BRI &P 1aBekH NS RiR! tefidgethd W TRE €0
acu&}al?@%(%&?%n rs #ﬁﬁ.gghe gas \;\.}ggs at 85 ofel ative
chaliengedvasyl 500 pprr@Q wind sheatots] gasftays eate wels Hh likirgmip4Theagas was at

48 V\D %005/. 30%15132 PCT/ US2004/ 03
85% relative humidity. The

Comparison of the results of example 21 with those of example 20 and example 19

results are represente 12n 1g. 26.

demonstrate that the activating effect of magnesium nitrate is strongly manifested after the

impregnated support was heated to 600°C.

Example 22 Preparation of Calcium Impregnated Gamma Alumina Particles —
Dried at 130°C:

The incipient wetness technique was used to impregnate A-type gamma alumina
particles with a solution of 0.4 M calcium nitrate. To prepare the impregnation solution,
18.89 g of calcium nitrate tetrahydrate (BAKER ANALYZED ®, J. T. Baker, Co.,

49



10

15

20

25

30

Exanpl e 20 Preparati on of Magnesi um | npregnated Ganma
Alum na Particles - Calcined to 300C. The incipient

WOwRi0803881 echni que was used to inpregnate A-typer/gysaoms031265
alumna particles with 0.4 Mmagnesiumnitrate (Al fa
Aesar, Ward Hill, MA) solution as described 5 in

e SRR NS Pl TG e haPB RGBS A . 148 mi o
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CO 10 chall en(se was 1500 ﬁlém CO and the tot al@f 88’
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; A £ °Th t
e B O A B R e O Lot i “The g was 2
85%A telativeduRadity.cThesresulSalretepedented BORIE: 245 The i nci pi ent

wet ness techni qgue was used to inpregnate A-type ganma
alumna particles with 0.4 Mmagnesiumnitrate (Al fa
a3 Wedabhtidn o'\ Bliciaal HahRBnafd GaBhiKhiminA Particles
EX@@?N{JI& (SeigaAftenﬂr0 drylang atb&%%)lc, a portion ofn tr?é =
Calcinefdite 308 cal ci ned to 600C and held at 600C for one

ho After cooI| the sa was treat .
Vi st iRl S8R i o8 o Baputl Sl fhmina
pan;’ales with I@sluﬁeﬁ bpo.ranegciin hibaeqailalyshitale tetxﬂfmte@e B]AKER
was exam ned for its catalytlc act|V|ty|n oXi di zin

AN@%Y&ED &y JghisBaken o HiholigsPuag.Beh ap dessgibed it expmpiolp- 1/ fter
>
a5 PR LR RSP RpP PR R ALt gy S o

houf Béfatd MBbwitgieltdoy withhe fuedeb! Afier eoolingl theaainplt was tfeagd with

26. Conparison of the results of exanple 21 with those
gOI%Vlaé’;l%fﬁ‘kﬂ sssptpdsputtaingifenosiion cordifgidhst rate that the

act I
T
act1tlmy ﬁﬂ@ﬁdlz&)g?ﬁ@ldﬁnﬁg g®rfbpa thadughn ofd Galgtestrméthpd &ghbe €0

TS 8 C o B B 205 SR e s vos

ss%réwt%lgﬁﬁaﬁ a*ryérfe@ﬁts Hefdpr&sb@sd W i3, @g.sol ution of 0.4
M cal ci um ni %Ir ate To prepare the inpregnation
sol ution, 18.89 of calciumnitrate tetrahydrate

A TN o gt 1S s -

Calqhﬁaq[,\;gdoen dei oni zed water to yield a vol une of 200
. 148 m of
The incipient wetness technique was used to impregnate A-type gamma alumina

particles with a solution of 0.4 M calcium nitrate (calcium nitrate tetrahydrate, BAKER
ANALYZED ®, J. T. Baker, Co., Phillipsburg, NJ) as described in example 19. After
drying at 130°C, a portion of the sample was calcined to 600°C and held at 600°C for one
hour. After cooling, the sample was treated with gold via plasma-assisted sputtering
(deposition condition 2).

The performance of the catalyst of example 24 was examined for its catalytic

activity in oxidizing CO during gas flow through a bed using test method 1. The CO
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this solution was inpregnated into 224.14 g of the
gamma alum na particles. After drying at 130C the
W@ 2000/08038;s treated with gold via pl asna-assi sSPE€HUS2004/031265
sputtering (deposition condition 2). 5 The performance
of the catalyst of exanple 22 was examined for its

SRS SR b S AP PO B, s s
85%"&%&&%@ QQmRﬁf?TGﬁeﬁe@@éilﬂﬂs AR fepleddntédm Hikow.rate was 64

l[iters/mn gas was a 85% relative humdity. The
r eﬁmnmna@reowép resgbim okaxampler4ywith thosg Of eseannie 83 2131 example 22

cemply TR Pl B8 oy ST SR RAT AR, M it e

impfc@BNBH SHoasasuee@dt®600mD. egnat e A-type ganma al um na
partlcl es wth a solution of 0.4 Mcalciumnitrate

(calciumnitrate tetrahydrate, BAKER ANALYZED (r), J.

ey 5 o BT o ot
Galﬁﬂﬁpﬂﬁn’ﬁﬁs Paﬁildbﬂedfal(ﬁne@(b(ﬁoaﬁd held at 300C for 1

hour before allow ng to cool th t he furnace Af t
codilieARCIDIEREWLARSS 1R TRAIVC A8 BRI EDEE 1/t twpgamma "alumina

part&?] 3 e ?%ﬁﬁ&rﬁgf GPM Ezﬁ&'uﬂlgm{rgt% ReskibinOBike 'ﬂgfahy%teZBAKER

ormance of the catalyst of exanple 23
ANAKXEFIE®, §.0F. Baker, €at, &hiltipsburg NT) vs ﬂgscnhedinlea&mphglmfter

arsitgtpbbFar perie hde 88l wiutiaht DAL eBThsIR gL oy one
houf aAﬁeﬁ’@)%hﬁ thé Ezﬁﬁ;ﬁé a8 impieenASS by\aRipidnt waided @élgé 498 M

ty. The results are represented in Fig.
soluamnppetammlce@anm i ‘Bhe whuldag chlginn ast RagrsiEYreierparticles

s HEL D B e L PR R T DAL

(depRkiih RendiBafh R). cI es with a solution of 0.4 M cal cium
nitrate (calciumnitrate tetrahydrate, BAKER ANALYZED

(r)Theperfprmmref thecatalysphf e1aopapas gas ReAmiged fpsdis caighgic
actiffy SRR Be 0 il YRR felingleFRiIQNL OTh 06
chalhﬂllgé walfl560 pmeII('I) agd thehetabgayfloov vas whs ehlied/mint Hhggad was at

pl asma- assi sted sputterin 0 (deposition
85%:%1"@@8@@}3’ %?éeﬁé?sfaﬁer??ﬁﬁéé‘%ﬁgmcﬁ‘g g%t al yst of

exanpl e 24 was exanmined for its catalytic activity in

oxi di zing CO during gas flow through a bed using test
Examgila@d Prepamtiod &drmOBpophdBoi38ampeTAlusrios Pagtcess

en s 1500 mCOand t ot al flow ra
vaganpeBr SRR PR e el BrimiBedpiedf Tyne Bhieh hmina
parti¥s¥ itk ¥ solifién bESHIM ol herdtERSRHgMag Irdmﬂteghe #9n nitrate
solution, 32.32 g of Fe(NO3);9H,0 (Certified A.C.S., Fisher Scientific Co., Fair Lawn,

NJ) was dissolved in deionized water to yield a final volume of 200 ml. 224.14 g of

—._L_

gamma alumina A particles were impregnated with the iron nitrate solution. After drying
at 130°C, the sample was calcined to 600°C and held at 600°C for 1 hour. After calcining
the impregnated particles were gold treated via plasma-assisted sputtering (deposition
condition 2).

The performance of the catalyst of example 26 was examined for its catalytic

activity in oxidizing CO during gas flow through a bed using test method 1. The CO
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Conpari son of the results of exanple 24 wth those of

exanpl e 23 and exanple 22 denonstrate that the
w@ewswassng ef fect of calciumnitrate i s mani f BGL/E/004/031265

after the 5 i npregnated support was heated to 600C.

Exanpl e 25 Preparation of Potassium Carbonat e- Tr eat ed,

chalfSheg B d SDOPBIOR e el B Shy e He et e gag wes a
85%&%@&%@1@%{@%@3&&&@@ &@éﬁi@dﬁlmgﬂa 10 particles

a solution of 0.4 Mcalciumni ate(calcium
nltrate tetrahydrate BAKER ANALYZED (r), J.
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partiglasriids 148imhgf as@uBome! 08 Mengmetst nisate4Eiherrdoientific Co., Fair

e, JTh reat ed
Lo N7 oF 414 O Y ahigfP STBLOAT P08 B BRaLA MR o
mandhiidke @ﬂka{ﬂe yd»lauqiﬂ aAft&c&§mgat 930°€pﬂietsemplegwas(aimnmi tb|6@ﬂ°c and

condition 2). performance of the cat

st of .
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ough a bed using test
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actlvlﬁvm@l 508 G5 S ups e whetro i bohit 68
11800 BAmRaD bh& hRSotall R flodeil §B 64BleR@®. The gas was at
tec nique was used to inprégnate A-type gamma al umina

85 Paelaiivd mamidityh The sesiilis aromeyeseoted inFig A nitrate
nonahydrate. To make the iron nitrate 25 sol ution,
32.32 g of Fe(NOB)399H20 (Certified A.C.S., Fisher
Exa'ﬁ@].!)lﬁ R8I fPrepSiation’sH Goﬂa%/!?npreéﬂﬁtemlﬂmﬁwhﬂﬁﬂa Particles:
dei oni zed water to yield a frnal volune of 200 m . .
22 Thedngjpight Wg@ﬁﬁ?&e@m&ﬁew&asm%bﬁqm@r@@a\ﬁeﬁ -6ype gamma alumina
i Ar it
parti 'fgs &%QE@H&%@O hﬁ\? cblga(f 1@5%\%2% iy | ne’i&?ft?lakég%%‘robalt nitrate

soldﬁ@hﬁZ?dRS @69C0fN®3);6H§®I (anal%itltﬁrremhcgnaden @altihlerodt Inc., Paris, Ky)
npregnated particles were

was;ﬂl%ﬁghﬁda% deigniged WK fuyipidq fmsd f? 3 %@%&%%&%8@%%12 grdiltiegt samma
alurfdna AT ﬁﬁg@%g (R g%n%edtvlﬁ% matabstinaf s6Ha0R! Ak the

exam or 1ts catalytic activity in oxidizin
impekgniated pgeis]dslab W3, apgltica df¢ltt waviphgwaesicined tod01C and deld at

51 WO 2005/ 030382 PCT/ USZO 65 chal
GO0 7 T o R 68 B APPELH B i w il OO plasma
ass@éh'sfaﬁfe?fn?"(ﬂ'epo?ﬁ%n@@ﬁdlﬁ%Zﬁt 85% r e' at ' ve hum dity.
he results are represented in Fi mpl e 27

Pr e'ﬂmmfomame Wﬁhﬁg@ﬁﬁ@ﬂ‘»@ of pxAnEY® 33 S @a&med\qumswatalyﬂc
actwﬁ‘y n 0X181Z11’1g CO during gas flow through a bed using test method 1. The CO

challenge was 1500 ppm CO and the total gas flow rate was 64 liters/min. The gas was at
85% relative humidity. The results are represented in Fig. 33.

Example 29 Preparation of Copper Impregnated Gamma Alumina Particles:
The incipient wetness technique was used to impregnate A-type gamma alumina

particles with a solution of 0.4 M copper (I) nitrate 2.5 hydrate. To make the copper
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5 The incipient wetness techni que was used to

i npregnate A-type gamma al um na particles with 148 m
w@R00&/036But i on of 50% manganese nitrate (Fi shePCT/US2004/031265

Scientific Co., Fair Lawn, NJ). 224.14 g of gamm

alumna A particles were inpregnated with the
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IR esiAR - afSrePredéntbPin¥E@8) #4.6H20
stgf%gﬁgt%lugg@weggen%@gr adee§r l\/arl1 [i nll?%dt Inc., Paris,
Ky) 20 was di ssolved in deionized water to y| eld a

e 0, dereqBrdon o) NUERABE 6t RandBE Mty Phitiied:
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as was att 85%relative
600h<u nmd |hem at 50@°Q fos Uilhbsr. aAﬁelrcahnmag ﬂteemprmrrategl pag@les3gere gold

29 Pre ratlon nated Ganma
treaﬁﬂdu‘ﬁ? ﬁgsmg,a@qlg $puticiipg ?JCHB?lﬁg ﬁ‘i’n SS t echni que

S’]l; IS5t drRah B B @y dof ¥R e BUQva@ |ebdﬂi‘nﬁ1%d E@f 1ts| catayic
with a solution of 0.4"Mcopper (I1) nitrate

actikityliraoxdizifig GRldering eascﬂmp grrough a5y wstoagbod 1 The CO
CT/ US2004/, 031 t |
o TasSo N GEBE0 A R Pl S B3l g v

ssqﬁ’mlbﬂwmmaﬁY N9 redelss t sqppdsepdd imPgeBSni zed water to

yield a final volume of 200 nl. 224.14 g of gamm

alumna A particles were inpregnated with the copper

Exzprlnﬁ)feagle ﬁptl,p%'ﬁt?({h of Chromium Impregnated Gamma Alumina Particles:

The incipient wetness technique was used to impregnate A-type gamma alumina

particles with a solution of 0.4 M chromium nitrate nonahydrate. To make the chromium
nitrate solution, 32.01 g of Cr(NOs)39H,0 (Reagent grade, Matheson, Coleman and Bell,
Norwood, Ohio) was dissolved in deionized water to yield a final volume of 200 ml.
224.14 g of gamma alumina A particles were impregnated with the chromium nitrate

solution. After drying the impregnated particles at 130°C, a portion of the sample was
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After drying the inpregnated particles at 130C, a

portion of the sanple was calcined to 5 600C and hel d
w@0080838% or 1 hour. After calcining the inpreptEUSH04/031265

particles were gold treated via plasma-assisted

sputtering (deposition condition 2). The perfornmance

o L OB 22 e el TS
wer%l\g‘%slﬁ%%%tga 6%? a4k 9GidEB puiBlindeositidicdndtionl’! | enge

CO and the total gas flow rate was .
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.The results represented in Fig. 34. anpl
s SpSalirE  Sr R Y el it BRI e co
chalRAGE ek 8500 phe GO ahPiRIbtalBis TRSSral e I 6 AR, URRGab dvas at
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the nickel nitrate 15 solution, 23.26 g of
Ni (NO3) 2' 6H20 (Cobalt Iow, certified, Fisher
Exaffjled2i Prephitionf Zif@ hinpkéepnated\GamnasA Himsina  Rarticles:
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200GANG0k 1%%&\%&9&19&%&& Cfs Herd Hﬁpr@?(i{a?éd/\%fth ®e zinc nitrate

exanpl e s examned for its catalytic activity in
solutinn diAfien dry@@ theriinprpggated phrtiales At LAOGE, apotian of thegampl was

t.h Th I 50 ) .
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FIrg. 35. 25 anpl e 31 Preparation of Chrom um )
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.wet ness .t echiique was [ - g
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challdrze 3 1300 gbm@@taﬁd otk fldveratdwanbd iiergtinin. aflee gas was at
solution, 32.01 g of Cr(NO3)3' 9H2Q_( Reagent grade,
85% el ativedwmidisy- e FhgeaHts ase rqpresened ipkigoot, Ohi o) was
di ssol ved in deionized water to yield a final volune
of 200 m . 224.14 g of gamma alum na A particles were
Exadnple 83n aPeparation ¢ffiBitatinomindPetassiendmppegnated fxanthaer
drying t.he inpregnated particles at 130C, a portion of
Al“f‘HBa?gﬁBF S'was 53 WO 2005/ 030382 PCT/ US2004/ 031265

calgldglipteds GRREsEBchAGlAy At usb@ RGnREgnhte R pe £ alumina

calcining the i n’pregna(?{ad particles were gold treated
partidles iting walutiss b§ TgabrdAIM tEaning 1¢cialp selutipn por @RI RosIsSIUM

CM@&%TE@&%?%{ t?lFJ trt]igarlllglg{l za{cic/a{t%:] Bot%sasguar}l ¥asrgor?afte S&WA, %9?11g WZCOg
was dissolved in 200 ml of Tyzor LA titanium lactate (E. I. Du Pont de Nemours Co.,
Willmington, DE: Tyzor LA is nominally 13.7% by weight TiO; equivalent). 224.14 g of
gamma alumina A particles were impregnated with about 148 ml of the Tyzor
LA/potassium carbonate solution. After drying the impregnated particles at 130°C, a
portion of the sample was calcined to 600°C and held at 600°C for 1 hour. After calcining
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activity in oxidizing CO during gas flow through a bed

using test nmethod 1. The CO 5 chall enge was 1500 ppm
w@edoansh3she total gas flow rate was 64 |iters/PEHUSZNE031265

gas was at 85%relative humdity. The results are

repr esent ed in Fig. 36. Exanple 32 Preparat| on of Zinc
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in a@l forrabuaut Ahpmlst Duotieg thie tisei thppagclas wdrev\gelnﬂy atvoed eveqB 10v

the T 3
mingjeg e Bl LA A 28 A Bvet Ly g0 el patic liwes fRferred
1nto°efn $ 28 288 BRESaBSuCRI0eT %@le t Gﬂ@tgr éxg@héq SHeditatiu®QRide-coated
for 1 hour. After calcining 030382

partR{IAY wS26okir8 npFH¥) CHEnerm teemaat@m Dhhowr heasingapte figg) pom
temtg%% 1€ {9 ? oﬁdoggrp' ﬁﬁ@gﬁlﬁ% %%t%%o%g eersle B Mjﬁ%l\/?é édl(‘f Beated via

spuﬂér(ﬁyg @epbsttisteagitad). The appr oxi mat e size, range of

FPartl cles in a representative region of the san‘g)l%ﬁ
Ig; perfosmaneepinthereagal st 8§ exangie 3t Aas gkamjped Forifs o

actl%? i o A0 BEHAP DLW RESudhPl o9& RinJeRiechdt . TheCo

challenge was 3600 ppm CO and the total gas flow rate was 64 liters/min. The gas was at

85% relative humidity. The results are represented in Fig. 39.
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substrate was 33 to 60 nm The performance of the

catal yst of exanple 33 was examned for its catalytic
W@ews0sa392 i N oxi di zing CO during gas fl ow t hr opgus2obeas1265

using test nethod 1. The CO chall enge was 3600 ppm CO

and the total gas flowrate was 64 liters/mn. The

Exaflily 45 o Kieparpfion o 1 tapfur Sft-Lhated Ajuni3a Pafidles with Liquia
WateH aly8is: Exanpl e 34 Preparation of Titanium
X

i de- Coated Alumina Particles: A solution of _
t eflitahisnepisp pluniina paiticleg FRTy piepared apdaspyheddn s maplevidswith the

o SRl g e RABRRAL LB

dryii'_}% QP treaintedld Olithithe YPELiSbpaofyl ARbhol ehittie,ahe patbiclel were
is solution was inpregnated by incipient wetnes

washd igyicezuith A0 Pf deiehiged Yaier o b paicl i erechendrios 41d0°C

et e i . i cles r Ot fes
oveb T SANE 400 IE BRSOl S ome
at teiipesture EOF h@typhiatidg badel from doami tagpérhiuse tol F08°CRel.6°C/min.).
ip
articlﬁs were gently stirred ever I.nut es

Afteg gq)q]rglgé %M}cées i gpltdépe%qd Vi §putt)érir}go (dzegosrlntion condition 2).
hydi,@ E%E@lqﬁa-ﬁeg of 1h83hBHsP8f LaRlpRS3 YRS éiaﬁﬁﬁé%ot& gg cathiti@

an oven and dried at dabout 150C overni ght.
actidtyyingjdizihg CQO dwinggas dlomdbraghtaddd upiag tést nethodelr. elhe CO

cnalfie¢ WS90 R LR S RS, e SRl he gus was a
85% e RN Ehimidity AR re tMQ latd W@piebatd RFid. 140 €S were gol d

treated via® sputtering (deposition condition 2). 25
The performance of the catal yst of exanple 34 was

Exaiidh g * SreBirelieh of 1t Qe CoMe poe Uit gupatergatea
Alufaa Phaidlenge was 3600 ppm CO and the total gas flow

rate was 64 liters/mn. The gas was at 85%rel ative .
hukPEs$iym cprhonaiedinated Apmina@griclss NesgPicpated §y impregafing A-

typ e\é?g%lglgiaﬁ%%%g%t ;I t(gnl um&gilg)gg-&%g?@g R' S(m na DPaaantSFagf’es
Germany) it dejonided Wateer Thigdnaéyd ivaas dfied avdraightat18d @linatoraed air
artjcles were prepared as rihed in examle 31
fumnfige 1 SHEOBRLERRPHOPHHET S RED) RN SKPRY ¥ fictepared by
nﬁxﬁlgtsb%ls&né@aeydpwmaﬁ&e (QelBMOR! ¥EBytbWnaPA) RithQuifficRen®
drying, after the treatnent with the TPT-isopropyl

isopedpybalobhatitx yighds findleyopume picl48smlneihds soketgimedas inipegnatadby

. .500 m. of .dei,qni,zed ter. The rticle re then .

incigPrtafndts i8I0 &of it o asafapEr R Ripl<cls ok &l Fuek Mg

partieles dafed ahid gRaiohithd SHtIVRE Kefoipbdad @t @ito 230%2( tdnBumdtum
tenperature = 1 hour, heating rate fromroom

tray edrpercatlinwedite hydotyze in ais fpiabaut2 houay. Luringdbisitine tha paicles
wercg ge%’qngl:yfs%:iglﬁd %’?&r‘;ﬁ? 18 %i%u{e'é ‘ﬁ%&q s}ﬁt@la.s %E ttr"?lg/ o fir %981%?}%6&—'1%-

treated particles was transferred into an oven and dried at about 150°C overnight. After

drying, the titanium oxide-coated particles were calcined at 500°C (time at temperature =
1 hour, heating rate from room temperature to 500°C = 1.6°C/min.). After cooling these
particles were gold treated via sputtering (deposition condition 2).

The performance of the catalyst of example 36 was examined for its catalytic

activity in oxidizing CO during gas flow through a bed using test method 1. The CO
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10 The performance of the catal yst of exanple 35 was
exam ned for its catalytic activity in oxidizing CO

walevosnsp3gas fl ow through a bed using test net hpdr/iS20041€31265
CO chall enge was 3600 ppm CO and the total gas flow
rate vvas 64Iiters/rrin The gas was at 85% relative

oY a5 B ST SASE Eiu et vs
85%!;1% tthHl&? bﬁ%%&l{sfa%%gféser&émm g farticles:
tassi um cdr

bonate-treated alumnaparticles were
pr dpmmreiits pf thqimgugauf thegmaterial b exahpleidf aﬂep‘amstufaie?etbe high

Wt h | et adt .
iy A PRl AADBR PO d IR B OBE TR on
Wlﬂpﬁpgdﬁl\,g@ﬁ fend35C in a forced air 20 furnace. A

sol ution of tetraisopropyltitanate (TPT) in isopropyl
al cohol was prepared by mxing 30 m of

t et.,r gL s Cel '

Exa‘mqelﬁ gZuf reggl\éamon (f%g‘ron li/ (f}ﬁ(tle-ﬁo[afetd GJHI ticles:
vol3pneg ef zitdbhith n- pr;chudﬁIU@ltﬂs@ﬂﬂM%ey Etm&gmaﬁ éNatnly}hll MA)
|nC|p|ent wet ness into 224.14 of the potassiu

waschilutpdrigithe isopropybaicohsl f%@naép ingd Vﬁmq of K m}e\r%%rm g of B-
typ%%rﬁgc i aﬁg R]Lllrt;iglr%g g{g}é B égd\ﬁﬁﬁ\?\)gslﬁélg@ﬁtom e%ég}sfhgqms solution.

Thelteelil@hgydaterial was aif by’drallymﬁ fo? abomu ISShout'su andhgri¢chinsant v at 135°C
the particles were entl stir C{ gver 10. m

ove g}ﬁg Adtes GBYIDS 4he tﬁqglufnr %39 GFoaLeq p POV SR eEt Stoec (time
at t%ﬁfe?%tﬁl% PRHLLE lh@ﬁm e AN RIoRT {eﬁﬂ)efa‘@ﬁf@ t&500*(eR 1899 /min.).

at about’ overnight. After drying, the
Aftctn doahin g,lthesa(paieelc& azb@ogthatrcat@l s sm@teemg dfleniosigngondigoc?).

[ at te 1. hour atln rat

{ e rOThG Sobcetys SRS 37 Rk St g hkdr
actl?f%y H?('S)&HﬁhfgSCWhﬁng ehskidw BRbesh Vbadl &smgt t‘é@tfmétﬁod 1 The CO

deposition condition 2). The performance of th

chaﬂatglw@t%@ﬂ p@xfaﬁﬁl aedﬁs: tms gasdtoyw raselwee P4 lifess/guR. aifkﬁ £3s was at

ct|V|t AN w t hrough a bed
85(7&&‘?%@ Eg%lmi“ 3 ref S%}g‘gé\%?%‘éo 030382
PCTp 443210041 &éﬁ%ﬁﬁ@?ﬁh@lle' ;ﬁﬁb@& inas: Re0R, p}‘ﬂnﬁﬂiﬁmétdr hepper ring

total gas flowrate was 64 liters/ mn.

on gBYerpEI0aE lide ﬁmqbyhzeq*hlémg é@%ﬂh’t"é“’%\?@dﬂ%ﬂ&‘é’n HBg ofpctive
§
epogk gvr‘?}% Iil)ileépfghgjér nlg’%@}tl %fueﬁ]:%ge o?(gﬁ)'a&g (E v? t@%sé‘ﬁbeﬁ(b @13(9(537

a es t t hat can
Budhdrdha eﬂalm/BhufE Iof, 1g BiehtepBpayshardemer (B QﬂéB 1664&)08)1@@ lng

N YA SR LA S S S T SRR

mn{)g% & Lu‘? at SRnPyRBudh &1 7 ﬁl?fﬁitéén'béhrgdl 2o Wicdend s iigpthe

Eectronlcs Ward Hil MA) was diluted wth
partislop r’ﬂm/:*.anqﬂcmwcxie ctisddorf | Ikt wﬁamndéhle varipgheng holding the

samrgles 1%12;110blhze% in epg;xy was removed from the microscope slide. The immobilized
sample was polished flat on one side with 600 grit carbide sand paper. The flat surface
was affixed to a SouthBay 515 dimpling machine (South Bay Technology, Inc., San
Clemente, CA) and ground using diamond slurry to a thickness of 15 um.

The Sample was placed in a Gatan ion mill (Gatan Duo Mill Model 600, Gatan,
Inc., Warrendale, PA) and milled with dual guns using argon at 5KV and 0.5 mA per gun

until the sample was perforated in the correct area. The sample/s were viewed in a JEOL
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10 type gamma al um na particles were inpregnated by

i nci pi ent wetness using this solution. The resulting
woreaosn0s@B2 was air hydrol yzed for about 5 hour SPCHOS2004/031265

dried in an oven at 135C overnight. After drying, the

titani um oxi de- coat ed parti cles were cal ci ned at 500C

' = f .
ssLopE afor SR Figgateatody, b ¥anog Ko7 e datbled e eni@dted
so ab& atllo%J ﬁ@wi‘iﬁr& tlgé)&ﬁext sruﬁ@&,eéif the BoRIPAHEEE WitE a(VPAS 'aﬁglgn

condition 2). 15 The perfornance of the catalyst of

perpendinplheto3ie Mslystﬁarfamd for its catalytic activity in

oxi-di zi.ng CO dur i as fl ow.t.hr ou fest

ot s R PR U o BipaRet Rl ke
detelRin@ll af@helch@ealliRd Shasesoftte J:dré@ﬁtéffﬁéefﬁetéfﬂﬂw@&&“h%&re&bas

85%relative humdity. The results are represented in

transxtlgn alymingp e qogting zigfonia anpihe /gydigeaiot visibhepapeiptedhy gpre. The

I
i B D L1 G030 0 B EOSE008se o
the ZifteniaQiegogt, i S&ect@mwdlwaesmpﬁ epaneet foydantify thg majgr crystalline

Buehl er epoxy_base (Epoxy Base No, 20-8130-037,
phasgy praset. Caystalling geldpramma alumina zindgcrgﬁ%lﬁp% Flrc@ﬁ&\yere identified.

The g% 0 % hasé N%s 28 n%é& apglgé%?ﬁ?:e%}rc%g ef gﬂ"ﬂe%ﬂé@ﬂla %ﬁrsjcfé‘ﬂﬁas were in

tal og nu I nc
0.1 -©Bp. mibhemeaootystervcomsiwing ¢é peimagderystabitesnl vAcGmmf glti@ugh

m nug. es oured into the rin d t he 25
som 3| @PIsLCTY G s ST esCtsR . ther B FF I i rénge, thg bull of the
golcfx'fd% ﬁﬁﬁ@%bémﬁ&lﬂ% '1H%etilﬁ— 16GHIRkAFel MObi [ i zed in

epoxy was renoved romthe mcroscope slide. The

i iy dxamele shomsyihas tlwa:erQOial d&dhaet flunetiongn stahBizs itheegaldl itthe

naniapis i 5820 B BR0%ser iRely Tl L Bt By

essehB8NPb&B}. as laMTO oxiBafon &dt@pmnt e, CA) and ground using
dianond slurry to a thickness of 15 um 30 The Sanple

was placed in a Gatan ion mll (Gatan Duo MII Model

Exaggqu 3§5atl’}@ aralti'aﬁ'o’f A\Mﬁﬁrpﬂg %ﬁde-gﬁkt@y@ e £fmiinh Ii’artlf:les:

guns S|ng argon a per gun unt
t hBOS{BgTDf gumasinp syctanediéd(J. blilnsthﬁ:tdreWEd:&ctmnE&, WitdeHill, MA)

R R T .

m%%? aéglvrqu?agﬂnﬁ\res \gas hrﬁﬁfégltmgé‘d Beng aﬂggﬁ %e@& sgn% 8% @tutldh. The
resujptarg madeaalvwetsrauahydrcdwautfoaaigjue 5 hparsparcblalrmgﬂ in@an pwer #el 35°C

I f Th t d th
overi et ST RIS A P Seet S B o B O AT
Spu&é}glgqayp%;sg Olnlcegdlgbﬁlgps of the core-interface

det erm ned he core was transition alumna, the )
c oéﬁhersgmplerwmxanmmddnytw,m@ pertviousdit daspiihed) ;T hg éppioxinate size

h Th '
b5 Al SRS 1 T 209 o
averaB€ leakthCsIBpHEPI0S il thisTEEi6R wad 431 @8 add fHera@ptdxﬁﬁatwaz&l ge of

used to identify the nmajor crystalline
depth into the substrate was 40 to 57 nm.

The performance of the catalyst of example 38 was examined for its catalytic
activity in oxidizing CO during gas flow through a bed using test method 1. The CO
challenge was 1500 ppm CO and the total gas flow rate was 64 liters/min. The gas was at
85% relative humidity. The results are represented in Fig. 43.
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phases present. Crystalline gold, gamma al um na and
crystalline zirconia were identified. 10 The zirconia

w@b@s®e3088s | dentified as nonoclinic zirconia. A¢EUS2004/031265
zirconia crystallites were in 0.1 - 0.3 mcroneter
clusters consisting of primary crystallites of

50- 100nm Al t ho ome small gold crys t
obde it i tmedas of Somamaios ST Shihe Ui igh Brttormance

of atcli'iﬁﬁlsgﬁ’t lﬁn’{%s Hﬁﬂdﬁ%z&@mﬁ %H&'@%&a@é %E altér@d bheredB/drolysis of a

m r ang i's exanple shows that the zirconi'a did
metalonlkcfxudm(un tlms tase s alunhnlme alkiomidgporsaichsurfase (in3his case a
nano art icle ang nanocl uster form This |arger
nanQpofe S& WO IDY was found to be essentially
i nactive as a CO oxidation catal yst. Exanple 38

Preparati on of Al um num Oxi de- Coat ed Ganma Al um na
Example 32| dsold Tagapddslass Beadst num sec but oxi de (Johnson

Ma El |
i OB R EM BT ekl SelfER i s ppduscis
Inc. ZY&IIéMF@g@fP[Q- Wt ol dsatel u’sirigl'ﬂeﬁaslﬁ(&{ Mrtﬂhtﬁﬁl WeTlee cathodic

i mpregnat ed by i ncipient wetness using thi s sol uti on.
powghwas P O3 KW  the agaterspged wasap@rqmm‘a}yo‘? predhe #igon pergpurs was
sopRUH el ML S P SRR EL Bl TR B P ee LA
descﬁ'ibedﬁlemem Mth&pﬁtmiﬁg 5400 p;da Sk int dioat gctmntdltham?O%RH 2id a flow

The sa s exam ned by TEM a L .
rate G300 FUBRID. THE bE AR MiRAEPTER AT A0 e Al indlsated in
F1g'4'3f a represent ative region of the sanple was 2.6 to

9.7 nm The average length of Au particles in this
region was 4.4 nm and the approxi mate range of depth

ol SR 50 G ol PG GRS et

Alufith#@ P4ttides SRfRE df\SelgMehdd oPAdHiGoMY CO during gas flow
through a bed using test nmethod 1. The CO chall enge

wadd sgogopphtecmsemapylianate (BPTjadsopraw! plgpkolweas peepared by

mix T L P TS BORNER Bl PR, BTk sl

isopRéph/l bo3RE146 Qﬁalc?@ﬁnﬁ'lh@)hﬁlﬁsd 148 IﬁI Tl’ﬁe sdlesén was @hpregreated by
material of exanple 38 show the high performance of a
mmeamaw?@@ssamw?@ﬁ 14 of the Brgpe alﬁ@fremaamd% dsléerdmpregaation the

part} Wik @@%gd Qé(tl dnldSa YLD Eom Lgmg'l{lmatra g g%eré‘%lw&fj@) HydPolyze

I's case an al um num a surface (in
in airlﬁmsab@asﬁ heumaDopap this tiade ting panmleswvdle)gen&y Enmm\earﬁ%

CGol d Treat ed (3.ass Beads: splid gl ass
mingigh 5188 8 Spplay Thodr At o i SR itEs ¥ transterred
intoldAHeh bh@8ried ﬁ%bo&t\@ob@()vglﬁflg%? , ARGY dr ?ﬁ{gethg(?ﬂtﬁuﬁlh%‘i&dcoated

usi ng deposition condition The cathodic
particles were calcined at 500°C (time at temperature = 1 hour, heating rate from room

temperature to 500°C = 1.6°C/min.). After cooling these particles were impregnated by
incipient wetness technique with a 0.5 M Potassium carbonate (Merck KGaA, Darmstadt,
Germany) solution. This material was dried overnight at 135°C in a forced air oven.
After drying, the potassium carbonate impregnated-titanium oxide-coated particles were
gold treated via sputtering (deposition condition 2).

The performance of the catalyst of example 40 was examined for its catalytic

activity in oxidizing CO during gas flow through a bed using test method 1. The CO
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power was 0.03 kW the agitator speed was

approximately 4 rpm the argon pressure was 10
wa@ppsoxissat el y 4nT, and the treatnment tinme wasPQI/Os204031265

The sanple was tested as described in Test Method 2

using 5400 ppm CO in air at greater than 70% RH and a

flow rate of 200 mM/m n. The bed dept

2 pas
challgnge 55as 3RPR PYm L£Q ardhthe pfal gasdlow wicyyas 5%3@&%@% The gas was at
|G ' :9f4sT1 t ani um
857&6?&&37-%&%& géit " Pot a%éé%rré: %gir%%%rﬁ%(% fé{if;lg'edrast'ed Al umi na
Particles - Effect of Sequence of Addition: A solution

it 50 S B IR BT b RRAGRN, 2 cohol
t etjioab $APIPYIkdsh %ﬁ@q@rﬂﬁf ®StKurhA§ -Ghemiddl ﬂo%ﬂﬁnyﬂ,i‘ﬁl. , Osaka,

with sufficient isoprop al cohol "to yield a fina
Japan) masevashedlwih aisolution ef 2¥I0uni ofrieignizedriypteipeataning ¢ i ef

i nci pi t into 224. 14 21h - | 4y
conigtfe R OGRS, Rt Soh Ty e Fohed by
wasBiHeBAith 8s1bni2éd War @M¥ddkalcHRLaThe VAL shdleansh didet 120°C for

al 'owed to hydrolyze in _ air for about 2 hours, During
24 howrss Fhigrgnatenial yay £01¢ eatediaspybering(depasitiicaadisiop 120

m nut e ' ir. . :

nycrt s b PRIy of B 4] Y Bhdmined for 1 catalysc
acti@ify Bvexidiaing C dednggasabouthrdihG wedarsivigghit. mathédt. The CO

Chaﬂ%}ygi?%dﬁ‘t@{% PtBli@lEﬁa,g I@Itl'lq‘rln H%ﬁé%?é%m%t%}%ég &i @cq%%{%?l}.vﬁeegas was at
sswif%@d%%rﬁ fty [ TG AR e IPIREHEA H Figl £6.500C =

After cooling 'these parficles were
i mpregnated by incipient wetness technique with a 0.5

M Pot assi ar honat e rc \ r st a
Exuplidly ) O Frgentn & Trensn G STaeed BTt Af gnt
Imlgxte?ﬁg’@&l bfla PofaRdiGRBqirke:0ven. After drying, the
otCassi um car bonat e | npregnat ed-titani um oxi de-coat ed

par123c30eg 19062@madh sies KunarayH€ dKufagawsphemise Ggmpany, Ltd., Osaka,

eposition condi.tion . 2). The.per .
Tapfl By bR g B ity Yernd S S Rt poflssbiiGectace, The
pot@SiunY hdeyaté Bol@XdrthZs pepe6d By dissdviga .0l opothdsion ghetae (Fsher
using test nmethod 1. The CO 59 WO 2005/030382 . .
ScigutificUEziobayoNoR dersnain &hdye0 gsionzed wakim. cftgrigpregaation, the
t ot al il ' j
sanigll Fps B84 A RENTIAPE (idhnd e B BsleBllF o BB flbw of
nitrtbdh g accdrimgd ehedhbatiid sthidudatroemtternperwirelto@ORE dt 3°C/min.
Carbon Ganules: 5 1000 m ]]t%XZ?l mesh si ze K%ar cC
and(ther beldytt D3R 10h1 BeBimebiiey copling thismaeal Vargold Foqigevia
L & h itqn of 2000 m of deionized water
spuﬁ%ﬁ%@gﬁ%ﬂﬁ&ﬂ@%&%ﬁ 1g'oncent rated NHAOH (EM I ndustri es,
| ncBlngperfiradnce@ibhstaalmst okiewadple 48 yyasfeshmingddotis catalytic
washi ng w.th_.dej ani zed.wat.er to neptral. pH. Th
actiyi it SRR O dy g BT ipudtDy BREIH R SiinafRE LIREPD
chalil’)@ﬁg&%@l%%hﬁ@@éhé Pt 85d M@ cAleRAs BL lieds/aandThd @8 was at

85% relative humidity. The results are represented in Fig. 47.
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10 The performance of the catal yst of exanple 41 was
exam ned for its catalytic activity in oxidizing CO

walevosnsp3gas fl ow through a bed using test net hpdr/iS20041€31265
CO chall enge was 3600 ppm CO and the total gas flow
rate was 64liters/mn. The gas was at 85%re| ative

Exapiilh 1 o Gold ASPHmRRLAR ACentsq GorpoB.gr s Bl el IpbPegnation
Ofal@f(fd@lﬁh Solured npr egnati on of a Pot assi um Source: 123.80

g 0 nmesh size Kuraray GC &(‘;raray Chem cal

Codﬂérw g 12x@0 mash slea Kur@rapéiﬁ gray ﬁbp@gméﬂempbyy, Ltd., Osaka
Tapdgd SR EPlemfEb T BTl ke M "R R 3t o epie e

sodidyh sbe&donitith \%as'iﬁeﬁaréw I\z&ﬁs&ﬂﬂngqesto% $d(dnh ﬁ&&éite 2Wallinkrodt
Scientific, Fair w Jersey) in 142.50

Incagporaterz3el Lawis ¥ip) 1W42e50 8 Aeipeigerhvaten, Aﬁ@relmpg@gﬁ@rl@n \thessample
s bforlh 2130 bydly SYELTO AL IRSRANTS bl gicozn
gas bk&mdmg tosthib ddating; schedule: resrp esmapduiteret to 996ﬁcataﬁ°(3ﬁmmd then

1 hour. After cooling this

nd b n hol d at 950C for
holcﬁ%t@é "ﬁforvéal&ougo Adter Fenling dhigimaterial wa é?lriﬁlgeateéé%gwﬁpeﬁg
(dep%@ﬂﬁh%bl?&lu&ﬁ 1).2Phe I%?foglglﬁﬁ&r m%&tﬁ?sttok’ @xzﬁﬁﬁl@lﬂ%&as%;(annned for

exanpl e was exa for its catalytic  activit
its cabal}dncmptngttm akidizing C@durﬁmg)g\astﬂumthydmga‘i aded usmgrtgstmhod 1.
hod 1. The ch en m CO and t he.
he{l0 dilghee P EyBife {03 Hon s R ipg iy, e
gas %s/‘htr ﬁ%&élé[ti?verﬁﬁ%ﬁitir YThd REuKERH bdpPes@htBd IEPTot ggnt ed in
Fig. 47. 60 WO 20057 030382 PCT/ US2004/ 031265 Exanpl e

43 CGold Treatnent on a Treated Carbon G anul e: Effect

mxafaah 98! 3SR Bl R, FBRF Aot .

Cs aRX20 haRlR)ze MG aia i I® gag keld thytel Ved PueBlinyRiepston condition
with a solution of sodium acetate. The 5 sodi um

). acetate solution was prepared by dissolving 7.50 g

ooy UL o VB LT G L RRL e Bhr s Rl
actl‘tl’f}emml‘djhﬁg G@ldun‘ihg ed flow thmm!gherbedtusih@@@t meeh(ni QHTheEi@G
cra i3S e S204 B tuS ot foCeheb Sl Pk Behped e yos

85 ‘%91@%v@‘hu§ﬁ1f9 MrhedB&hds réfenre fb@érge@fn M g Qg for 1 hour.

After cooling this naterl was gold treated via
sputtering 10 (dep03|t|on condltlon 1). The

Fx ergg_ he tcat ySt anpl e 4 S e>§a e tlon
t t F9 90§ h iR BQ@
Confdi@omst hr ough a bed using test mst hod 1. The CO

chal | enge was 1500 ppm CO and the total gas flow rate
wad 2X20i meshsyizd KuramyeGGyeas anddtreated3gospuilieaing yéeposition

con&lﬂg}l % §¥n t}-lré']&cegt%fl thi BE sallil%fya%ﬁgtg} &'gs {u?ne%' & IOL}gms during the

deposition process. The performance of the catalyst of example 45 was examined for its
catalytic activity in oxidizing CO during gas flow through a bed using test method 1. The
CO challenge was 1500 ppm CO and the total gas flow rate was 32 liters/min. The gas

was at 85% relative humidity. The results are represented in Fig. 50.
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15 Exanple 44 Gold Treatnment on Non-Acid Washed Carbon
Granul e: 12X20 nmesh size Kuraray GG was gold treated

WO r@sepsst eri ng (deposition condition 1). The PCT/US2004/031265
performance of the catal yst of exanple 44 was exam ned
for its catalytic activity in oxidizing CO during gas

w t hrQu a bed est tho 1. .The 0 .
Exq |4éng§' %&rw%ef SMQ?&&& &Partlés%' E(f}?séamla
Bomtgkdaﬁ&rﬁ{%ﬁs The gas vvas at 85%relative

. The results are represented in Fig. 49.
Exa‘m&[)% M@hmﬂedoﬂwesapmmd bmdmrlsmg 2010emof @phEilimita of

t Condi, t 51 h. si
morngy G, (beE RIS Ty d5° Fd 2hek i S feamisrop bGP
Chififd) Q}MBH) id )X SMtﬂ&&ﬁze@Xﬁa@&tdsﬁl@ 1t 3% E&ﬁ‘:eﬂt@ﬁt&d &ltBc acid as a

agitator was turned at 10 rpns during the gosmlon
dispsrapieske dWP@S%@’I@fb@Plﬁﬁ% éhechoehmete@msélrwﬂd@ﬁt adpiopizabwater
ri t Vi X ' '
wh1 ﬁiﬁ%ﬂgrﬂgg V&]:l&]l an (t) oug f% #g&g@@%rlmﬁlgltn ernz'#m% i oaé‘ke?ng)n,
Virdih). The adiahis Ia@&ed/@rﬁp\&ﬁé)ﬂ) thp dispEstondvlileerapiell @nigag to generate
flowrate was 32 liters/mn. The gas 30 was at 85%

unifogpglispeesionint i 3511 sRbthissolrasa 1|5é1ir%%feﬁlﬁee@0| rZOﬂungesh)

aﬂ%r eespcg %%Qgg{ugé%g ace Pa%;élg§épﬁ%§f’16ge a r t I e Sliﬁnliié%aétICIGS as

des&djetileaﬂfes) ‘Bas dextuteov ESdAcsled wieHnd dizberse tha g’bﬁ%ub alehﬂthet articles

ol b G et e L
230 SO RIA BhhSS Ahm{rERRs YR fihtne GBI A @al%ﬁﬁ Auimina

g dei onized water using 1.2 concentrated nitric
partaadésdwidls a apatdiaspes saeffect %rom@@rgp@mmenm tb@@lpmﬁt gammh glumina
m t s, first added to the. deiogniz r ..while
particl ity Sy R i g A St o e el pf € proess
was tRARhO BhéONMma YRR Ricles MhE&dAb the suffd€e 8Cthe cW@Ser gamma

added dropwi se to the dispersion while rapidly mxing
alumma@@ﬁéakat dheynixfuse g trwéqrsqddﬂ a sirgllopg glugmingm draytapd gried in an
oveﬁ% ?J %ecg*le%iS agiICl(T% v96re gzll{lﬁec{ %%(50%%0&3312%0 M sgh%dule.

par es | dm'ha prepared by

roomabmpalaﬁge bpaimCtee 4:8&@1111@1 asldas 600RES o i1 iedr,ead |t1ilfmrc)ool with the
This m xture was bl ended well to disperse the g
furngeenf\fisr fhapertialessvers poalptbe BaéiRles tveresgnld trepfed according to

alum na particle mxture was then added
dep?%ﬁ@%%ﬁié g of the type A ganmmm al uni na particles

whi The strformang: dftibe taggdpst Af greenmgle 46 wak eaaminad tforciksasital ytic

W th a spatu 0 as tp effec iformtre nt, o
actipie i TR 1ige g7 5!750‘&%%3?‘?%41 S rpeed T meto
chall QI3 458508 e @OURH AR B ks dy Mt tvds 82 1t i SThd gRfwas at

thi's process” was that the finer gamm al um na

85% salativel lawnididhe T helreselts e reprasericd ioFigt Bk coar ser ganma

Example 47 Preparation of Surface Area Enhanced Particles: effect of surface
modification through creation of surface roughness and surface porosity:

A boehmite sol was prepared by the method described in example 46 using 358.52
g of Disperal™ boehmite, 592 g of deionized water and 13 ml of concentrated nitric acid.
In a separate step, fine particle size gamma alumina was prepared by calcining a sample of

Disperal™ boehmite to 600°C in a fused silica tray (heating rate of 4.8°C/min., held at
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alumna particles. The m xture was transferred to a

shall ow alum numtray and dried in an oven at 125C
wab@sdsizerl particles were calcined to 600C accPe™USZP04/031265

the schedule: roomtenperature to 600C at 4.8C/ mn.,

hol d at 600C for 1 hour, and then cool with the 20

§ f rticles, were cool he s
Soolgt50P oy, SRl BB S 0Rh b BBl

boeRmitd b@i WieH fa‘pfdmﬁﬁﬁig oding HEOMATBGYHI 1abmigetazpd @ oﬁﬁny\ﬁﬁxture
examned for its catalytic activity in oxidizin

was ghijufedgvigh 20¢ g e&ﬂqlmlé@fbwatar b’B@tmfsqhﬁ@er@le% twaﬁé@q’?ééo% g ghie fine

(40 20052) Efa Winie PiERENGRE 3R J0F g bELRhoriingd Rl ored

Cartomil@dl UytitedlSiates daol, W llmiestore DEsaditeamixtudeiveps noied well. 150

ol B4R PER e Wat FUEE TP na WP Bos2 b et 158t PR dygina particles
Whlfcrrﬁﬁtlﬁ%%‘ﬂ ?51’&%}&@ fARE %ﬂﬂﬂz@ nﬁ?@reﬁﬂﬂ né Pﬁ&@ﬁ? weR begﬁﬁly Black

boehm was prepared by t descri
(blaglx fropl the 4¢&bas pargicBS & B2 dispersipnpf The spaedparhitlbowhre transferred

s e A B 5 AL B B S35 684 e

werd 84T6Re @ td /600 2085 dRIzeP Aeadhdils #bérh M hfer@ufAtBDE°©ht
Di speral TM boehnite to 600C in a fused silica tray

2.4°Chai.i gd afaﬁQQ“fooml Barngasl withdhelfuanace? Aﬁ@r Q@%ﬁ@@@%@e cool,
the ﬁacf;r él%?%g? %%égﬁig?ed%%(b g U FC?IH{' B%otasggl ?%n%i%ttéyhfnmpwnt

anma a

wetﬂilﬂe hﬂfhé par&@]es Wefe’hgraﬁm&dsdt 120 OnWetts gmgcaaanﬁ\&ﬂ«so@h@i(ct 84C/min.
is mxture was diluted with 900

,
to 6%@ Caélpkﬂﬂtzéeg Q\E%rérhomr&whwgh thedperspomndweiter serling. B, L@rtlcles
f mma al um na particles
Weraiggl &etAEd gtgdg&lwd?p%g%g ﬁglhaggo Activated 5 Carbon,
I CITHdrpetfednaSicabﬁﬁle datatyst oMirdapledT ems eDRm)inadfbr itheatalytic
Xt ure was ed wel | of thls mxture
acti YD PXIdiARE Iaqfsgascﬂoz‘zfi’rqugg adtedH51g et gsthad L e Q.
chalRgb s %%OO Bhth O FhdihB YothlErs RN 16 ®is B4 flﬁrsﬂnﬁlp aﬁHé'p%s was at
The resulting particles were unifornmy black (blac
85 % webative hemadityb drhepasulis el eespiesenttébindiigp®t. si on) . The
treated particles were transferred to a shallow
alumnumtray and dried in the oven overnight at 120C.

Exahijfle 481 ecktRatibh 6f 8oldQeSievé&sA on8H Gdld GRe4mageor di ng
to the schedul e: roomtenperature to 600C at

2. 860 mlof 14hoiimesh Jgne mdeculariginye pagistss (W2760,tdvmgstrom

molééﬂri%asl‘fe%% %%ﬁ% é{%ﬁ}\%h? ﬁ{ yo&isa%soz%% %%a% wgégglg%%{ntl% cﬁé%gﬁnon
condieibh@nat e by inci pient wetness. The particles were

aga| n drjied at 120 C overnight, calcined to 600C
4 1demgitarmancy Oé giscatahet of armploe ras exanypeqd for dggatalytic

actn\yl\i‘tef o Jxﬁkﬁéﬁ]gr > rn ga%ag’ﬂo@xf fhfSueh AHeldMin o 1BE nRAd gll clfR (%é

ordi ng t'o deposition condition
challenge pxasﬂﬁﬁ@rppm@@ﬁnd the tatalt gas Yotv wfe wxaddliersdidinndhe gas was at

85% re?aqlve %urm 1{y | hse r(e:gl ts a¥et rlegresented in Fig. 53.
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activity in oxidizing CO during gas flow through a bed
using test nmethod 1. The CO chall enge was 3600 ppm CO
w@nwsossst otal gas flow rate was 64 |iters/ m nPCTN82008631265
was at 85% relative humdity. The results are
represented in Fig. 52. 20 Exanple 48 Activati on of
Mol ecuyl ar_ Si eves Through CGold Treat nent: 300 of
Examplgs A2 51945 gifiectof Lhapges %%SIHQP@%‘%@O‘{W% A%Wlty of
ol ecul ar sieves; Sigma Aldrich, St. Louis,
Canf\l‘/;‘% Sé\/\E{IE\trgg)s% reated with gol d using deposition condition
2. Banilies 49er S4mesnprepatd b goldateatings 3000l smapipd af 320 mesh

o e e B By ot LA, 1
thlS-EQﬁe @ “pehiel fe@&@en‘ﬂ@ﬂ'le 1La08aR pRERu@RE the goltine s1ﬂél§ process;

l ow rate was liters/mn. The gas was at
cunemtéitrq:presehtsrth@jmegsureﬂ@rre@s during this@roaspy; et eftprfi:sqnﬂs'utb,e time

2005/030382 P U 4/ 031265
of B} ALt ORI JEReH i S BT s At g A gh e GRposion
prodg;i ‘Yésito@l” is Gardi@iberat altal sévolutiona BPie aighlor indthe BRdAber
pr e&?\r ed by gold treating 300 m_ sanmples of 12X20 nesh

duripg the égposition dimss nggparindiedtesthn srmbetivren e bbasies prrhthe chamber
Q@ S.
walf: 3% BIR PR b 8l foe by s Bfior b sapledh | &3bfind o pass
throggh d Mgml sidve mft&:j the @OR1 trehagnerrt;s‘MGo meshi’ aakcites thda percentage by
.measure cur rent dyring this process; "tine"
weiglg st b raple Hie! aspungio g dbhelka ﬁféme?h sipy el e gold
trealRBIERRITHE “o\Gr. Blisuld & ym?&gﬂé wgm?% nfBRAsH bl Ak
process, revs-tota e nu er o ot al
peraeatege wf Cehensfved kimm@theaftrstrlﬁ mintitee of tharttse versuuthie mgpouheof CO

depasjtion ti tes the gap betvveen t he

thatbw%dggo% dfﬂgﬁlﬁr%??ggﬁi teff)g%g‘? 1ng tlie?@sr?m i ndi cat es
t he percentage by wei ght of t he sanpl e that was found
to pass through a 20 neshrgyjieye after the gold

treatment; "<60 nesh" indicates fhe percentage hy
wei ght of |t he saml e ind |t o pa§§° 1r6§§2
Sample. power | guprentcl me, 1 ; ppeshy, | “oceft

Exgnpled (W) 3 (hpashy b Toial [gin) \,.( o) bs(®) "1 (%)
d8asyr@es Ry 0:9%e pﬂ\r c ”?frogtppbz_gdz‘[‘}ﬂr nd-4ha 97
60r st 863 i Aes| of 1 5240 |t hé |agbiint g3 o 98

B3 t Na®.0%as 648t riodiiced 1thtp t1He &304 VZt P28t | hdd 95

@4r i ng0.6he 1006t .| Table 10 3 600 28.0 2.4 97
Sanpl| epofer A2r ent®s nesgeedpri@ssutadr evzc apel0| <6y 90
%aff. 003 | 0.06 1 4 10 | 240| 27 ] 5.1 0.5 75
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meshnmesh Exanpl ekW Anps) (hr) (rpm) (mforr)t ot al mm

490. 030. 0614102401. 721. 41. 097
wGD503380614102401. 721. 11. 398 PCT/US2004/031265

510. 030. 06110106001. 722. 61. 895

520 030. 0611036001. 728. 02. 497

060..120.541012Q1. 710. 30, 79 s .

5 200536 BB DRTis3h B9 75 Meusekb D R o sos pergplss s indicated in the
fouE’xQE{ WSRO RePRBESAmMPI oMEHxdRp] IEASH

by ECP for ﬁgése SE%%Iesxgg&fﬁnggggag$%g?ﬁ%S e
tectigqueowi ng t abl e. Replicate sanples of Exanples 49 and

53 were neasured by this technique. Table 2 Exanpl ewt

% gol d 490. 06570. 0659 510§Oa$i9 520. 0995-

530. 09620. 0923 540. 0933- € performance of the

catal yst materi gksmple exanpl esyid g01d54 wer el exam ned

for their cafalyypc actlv(b%ge;s N &Rz ng CO duri ng

gas flow thropgh—3g;,bed UST 5o metttod—1 The CO

chal | enge was LJ:32¥K:I ”n@bgpns(cll total—gas| flow rate

was 32 |itersfwn gas a&t—gégg—r—el—ative
hum dity. TheALeséﬁtLaTr Q0% s dlnt d10973 i g. 54. 10
Exanpl es 55 - 60 Bffect] of0-8983nges i n Pover| on t he

ol d on Carbon Cat aI yst Activity: Exanples 55 - 60

nos e b A eah b Bkt dexalers WWhothudb et for

thei€ @éftdllyhb @&Wﬁé&%xid’}zlh g\@tﬁ‘d&ﬂg@gaﬁ? Wow! tHrou%ﬁ alR@¥6ing test method
exa "t hi ckness" r&igr esents the relative

1. The nBr‘?éQgeI@? wasd SeopemdgAenditesetahgss dlomerhtdyas P liters/min. The
n . t
e TR AR gy B s GERESREIA Byl .

"di st ance" represents the | ength between the sanple

and the target
Examples 55 - 60 ~ Effect of Changes in Power on the Gold on Carbon Catalyst

Activity:

Examples 55 — 60 were prepared by gold treating 300 ml samples of 12X20 mesh
Kuraray GG carbon particles using the deposition conditions shown in table 2 below. In
these examples, “thickness” represents the relative thickness of the gold coating as
measured by the plasma current, “rotation rate” represents the rotation speed of the
particle agitator shaft, “distance” represents the length between the sample and the target

and the other variables are as previously defined.

Table 3

Example rotation % eff.
thickness | power | current | time rate gap |distance

(centiAmps)| (kW) | (Amps) | (hrs) | (rpm) (mm) | (cm) (%)

55 15 0.09 0.15 1.00 2 2.7 8.6 80
56 12 0.06 0.12 1.00 2 2.7 8.6 72
57 3 0.01 0.03 1.00 2 2.7 8.6 59
58 9 0.04 0.09 1.00 2 2.7 8.6 77
59 std 0.03 0.06 1.00 4 2.7 4.6 82
60 6 0.02 0.06 1.00 2 2.7 8.6 65
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and the other variables are as previously defined.
Tabl e 3 Exanpl et hi cknesspowercurrentti nerotation
w@apdiosssnced eff. rate PCT/US2004/031265

(centi Anps) (kW (Anmps) (hrs) (rpm (mm (cm (%
55150. 090. 151. 0022. 78. 680 56120. 060. 121. 0022. 78. 672

5730Q0. 010, 031. 0022. 78. 659 5890. 040. 091, 0022 . ]
59%@6&@@@&%@@%@3%@?t%@ébe@zem@l@i%@E%g%@ns%fOf
thei@ﬁatéﬁ@d@ Qcﬁﬁ/i@&% %%id_i’&llé Be2004:031 26% tﬂlﬁéﬁ’ 8hEQUIRB 6&t Abthod

the Catalyst materials of exanples 55-60 were exam ned
1. TrerCOtchaiange ataal1900-ppmc€® vnd thegofahgasxflaiv ritegaCh? Uters/min. The

sas BRSPS a0 HanBi g e A e TR REE Frow rat e

was 32 liters/mn. The gas was at 85%relative
hum dity. The results are represented in Fig. 55. 5

Examplepbls 681- IHectiQfdampregnatiqn authbeathreatmenic@n Catalyst

re nt On Catal yst Performance: Sanpl es prepared
Peré’gn?iﬁgg'ri bed in Exanples 1, 3, 4, 5, and 17 and

de Sy sgstepdréd apdessritiell, in ®amples 163, 4, 65and’ EBfaricddsipahigd
were screened to retain Part icles greater than 40 10
Exappples Oln62.<fa Pt 45, 119RPPUIOIYMESH itengd (0. re8in myrticlas grgater than 40
. . i £ i A e e
e RASPalE Byt Mogee s, Suiausty. e LBl QRoiication:
Theddagiock €d.,iMuride$din, IMpt TiodrePainesi sagnplss, V00 tegtetha€descnibed in Test

t greater than 85% RH and a fl ow f 10 i/ nj
Mo o5 e T o L0l e gt gl R B pdastsy g gt 100
mLARY, €% BRd Rk 43%%:%&@%& pel £6s f

[ ngl ca%azﬁ(’}gfr%%% g. 56. 15 anpl esslgg'?l %arlliffectdégj}%g .
Exa8ipléscsd BdfplorResalislarGindicaBubiniiig. Sthi ckness:  Exanpl es

66 - 70 were prepared by gold treating various

chromat ography grade silica gel substrates (S2509,

Exaﬁg@iéi%f«s S9958 pftt@iofSdidarSupporoa®d Golll CoMing®Thidkness:

Examples 66 — 70 were prepared by gold treating various chromatography grade
silica gel substrates (S2509, S4883, S9258 obtained from Sigma Aldrich Co, St. Louis,
MO) as described in Table 3 below. S2509 consists of 70 to 230 mesh particles (63 to
200pm) with average pore diameter of 60A. S4883 consists of 20 to 200 mesh particles
(74 to 840 um) with average pore diameter of 22A. $9258 consists of 15 to 40um
particles with average pore diameter of 60 A. The distance between the samples and
target was maintained at 4.6 cm. The gap was set at 1.7 mm. The “catalyst weight” refers

to the weight of the material tested for its catalytic activity. “Drying temp” refers to the

temperature at which the sample was dried overnight prior to gold treating.

Table 4
Example | Substrate | Catalyst | Drying | Power | Current | Time | Rotation
Weight | Temp rate
mg °C kW Amps hrs rpm
66 S2509 98 200 0.03 0.07 2 4
67 S4883 105 200 0.02 0.06 1 4
68 59258 98 600 0.02 0.1 6 4
69 S9258 105 - - - - -
70 52509 214 200 0.03 0.07 2 4

66



10

15

MO as described in Table 3 bel ow. S2509 consists of

70 to 230 nesh particles (63 to 20 200m w th average
wporos/oslizsaret er of 60A. S4883 consists of 20 t op@DOSIUBE081265

particles (74 to 840 m wth average pore dianeter of

22A. S9258 consists of 15 to 40m particles with

average pore dianeter of 60 A The distance between

the sanples and target was namintained at 4.6 cm The

gapriéserfiaide o tie Hﬁhlyt-fé‘ﬁlateﬁﬁfs%'f ¥&bhm Pﬂ%‘s @Bl 70 a8 'fe%ted as

to the weight of the material tested Tor its catalytic
deserthedvi flgst Mexhpil 2g Thergd cmﬁmmomowetsriéw@pme@@en atruthe relative

rurpi e o ¥R s MR e P E ) 8Bl geetin i
57.Power Current Ti neRot ati on Wei ght Tenprate

ngCkWAnpshr srpm 66S2509982000. 030. 0724
67548831052000. 020. 0614 68S9258986000. 020. 164

Expe 75 B Rscen T SRS T ilY AT EBospte O Cata i plflopmapge:
cat alsyinble prepesd & @esaﬂbeﬁmﬁmrﬁple% W sTévedasrdtGh tpemhc&s
descri bed in Test CO concent r ation

Smailgoémpaﬁpemhnlsgﬁgﬂ S ﬁéanﬂéqdaﬁw\@é (AR My B~ 1 ﬁa@lf%% The
Muﬁﬂ)gkcat el\gﬁlﬁ’c}glér_lﬁvﬁﬁ ag'ﬁ%%@aﬁ X ng“ﬂl'é %@tﬁt?@%%‘h%?ﬂ@é@ln Test

Method@ ukingel M(Epcmmﬂﬁ) m Mt@mawrym 66 RoT arsinecBow Aate of 100

np repar ed de | n Exanpl e. 38

3 ST fesThaar o THetteR, “ERGORU Lo (B HEMEHS GResulss
aregmqugg.e%es (AS.T.M E—11 specification; The 10

Mur dock Co., Mundelein, IL). The retained sarrpl e was

t esOthdr embodisenistyd dhis mvEaisen Wik bﬁﬁpparemgtmbowkgw ip jolra art

COin ai.at reat er. than 5°/RH
upopgansiffefipor s s bediads TRE et Tnd g ¥Pih fadhseg perein.
Vamﬂﬁ oSl bty ﬁﬂ)dfﬁlfat@& B¢ gd3as hd Srincdiles inticingiridedents

Fi g. 58. O her enbodi nent s of this invention will be

deseesrherrin maythegaedesy enegliilied in e agrwithagit depsiting from the true
scogc? ﬁfdn%?ﬁtaéf tf 1nQ/fent§in§H R & 51 105@& 'b9 @heoirollf)&zﬁ{g ALagt i ce

| nven I on OSG
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Vari ous om ssions, nodifications, and changes to the
princi ples and enbodi nents described herein nay be
worawe/obgsone skilled in the art wi thout departP@myU§2004931265
the true scope and spirit of the invention which is
i ndi cated by the followng clainms. 67 WO 2005/ 030382
PCT/ US2004/ 031265 Wat is clainmed is: 1. A nethod of
VVh%ﬂkFﬁﬁn%iﬁéterogeneous catal yst system conpri sing
physi cal |y vapor depositing catalytically active gold
ont o a nanoporous support nmedium 5 2. The nethod of
1. cl & methodwifenaking 4 haterogtraoys catalystysystetn, vempyising physically vapor
deposited.onto the upport medi um under conditions
depesijine sl tioatl ReavSFyd PhleyaoRperels RRgHarsifion pept h
Ratio in the range of fromabout 1 x 10-9 to about
0.1. 10 3. The nethod of claim1l, wherein the )
2. catBieynétbed bfclaiot 1.wehegeih the eatapieadly redvegaldis deposited onto the

support nmedj um under canditions, such that t
sup RSP e s sEOf At R R Al E Nl Mohy e R G eptt
Ratibhg thedtanke vEfraitabedt 11:he0dol oar1t he support medi um

4. The nmethod of claim3, wherein the system conprises

0.005 to 0.1 weight percent 15 gold based on the

to ' . . - .
o oL Ly Bk PSR B0 L W v
suppertpieiies uater acidiv@isadcle tabihe sy@€mGomphisesfe@fow 1of weight

claim11, wherein the support di um conprj ses an
percgntgRld Rasep ontthe tc’r@t"}‘%@té’g the %ﬁ?ﬁ&h?ﬁl"%mﬁ‘gﬁﬁ’r i si ng
the step of inpregnating a water soluble salt onto
the support medi um wherein said inpregnation occurs
4. priThe methbthef deiml3, Weweiaiths systenPEor8priseh 8.098 tthBd vedight percent

aim1l, further copprisi the step of ..i npregnating
gOl‘g{’iasﬁaqPP\}%et fo Weh%‘gﬂ%@?w%ﬁletﬂg ﬁlﬂ%)(?ﬁtm?%WUm wher ei n
said i npregnation occurs prior to the gold
deposition. 30 9. The nethod of claim7, further
5. corire methgd phelai dpwisfreindbe supper et KeMpTisas e gathyased
support nedium at a tenperature greater than about
catb®ocC, wherein said heat treatment occurs prior to the
gol d deposition. 68 WD 2005/ 030382 PCT/ US2004/ 031265 5

6. The method of claim 1, wherein the support medium comprises an alumina.

7. The method of claim 1, further comprising the step of impregnating a water soluble
salt onto the support medium, wherein said impregnation occurs prior to the gold

deposition.

8. The method of claim 1, further comprising the step of impregnating an activating
agent onto the support medium, wherein said impregnation occurs prior to the gold

deposition.
9. The method of claim 7, further comprising the step of heat treating the

impregnated support medium at a temperature greater than about 200°C, wherein said heat

treatment occurs prior to the gold deposition.
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10 10. The nethod of claim9, wherein the water
sol uble salt conprises a nitrate salt. 11. The nethod
w@booskzi3gr 7, wherein the water soluble salt coP@FUSHe4/631265
carbonate salt. 12. The nethod of claim?7, wherein
the water soluble salt conprises an al kali netal salt.
13. The nmethod of claim 12, wherein the al kali netal
salt conprises a potassiumsalt. 14. The method of
10.C! TR fhethAQIF@1almtdh GheRk L the SPAdHRbRIbREXal cORPRELSLRIHAR salt.
al kaline eaA netal salt. 15. The nethod of claim 14,
wherein the alkaline earth netal salt conprises a

bar i 5 salt. 1 1he thod o | aj.m 7, .wherein

110 e THE eioadf e ot e R 88 sl el e R gt st
20 17. The method of claim7, wherein the support
medi um conpri ses a carbonaceous materjal. 25 18. The

12.vet RBeimsthod of iclaine 7/, whgksiethe wates selublsdalt camarises an alkali metal

sa]€ONMPri ses a carbonaceous material. 19. The nmethod of
claim 12, wherein the support nedium conprises a
carbonaceous material. 20. The nethod of claim 16, '
wherei n the support di um coppr.i ses a carbonaceous .

13.30 4% BRI of 65ma o Bhereambs shaberiAsslosompates gpofsssium salt.
The method of claim7, wherein the water soluble salt
conprises an alkali netal salt and an al kaline earth ]

14.met dhe swihod of 2lainiWe wiretelrothe of atar|saiubieilt coimprisdsrant dilenline earth
?%kqgi netal salt conprises a potassiumsalt 5 and

mefan iyl kaline earth netal salt conprises a bariumsalt.

23. The nethod of claim 21, wherein the alkali netal
salt conprises potassium carbonate and the al kaline

15.ear The methed of glaim d4nmyhersisthp alkiakima gsicthmagtal, salk @omprisepraebarium

Saltn'ethod of claim 21, wherein the support nmedi um
conprises alumna. 25. The nethod of claim22, wherein
t he support medi um conprises alum na. 26. The net hod
of claim1, wherein the support nediumis mxed and

16.c o mkiyethed pb claifpi7n yhetein g gtates splybleisali compriprs notassium

carlag physical vapor deposition of the catalytically

17.  The method of claim 7, wherein the support medium comprises a carbonaceous

material.

18.  The method of claim 11, wherein the support medium comprises a carbonaceous

material,

19.  The method of claim 12, wherein the support medium comprises a carbonaceous

material.

20.  The method of claim 16, wherein the support medium comprises a carbonaceous

material.
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active gold occurs. 27. The nmethod of claim1, further
conprising providing at | east one additional catalyst
wW@ni0s/08(382 support nmedi um 20 28. The net hod of PCt/ab2004031265
wher ei n t he nanoporous support nedi um has a nesh si ze,
a X b, wherein ais in the range of fromabout 8 to
about 12 and b is in the range of from about 20 to_.
21. aholie wothodof plhyim 7 whessin el wigier eplablesalt conpeipasi an allpdl metal

L f:fer : nd b is in the range of from
Saltgalél]éoll?ﬁ ag&?lgegg%%‘@%%?algo. The nmethod of claiml,
wherein the total thickness of catalytically active
gold deposited onto the nanoporous.s ort mediumi.s
22.] esthe mgthogef Flaim s, whainms ial@elh Bt palt UPPRISES 2ok salt
andgﬁg afi@fifl edrfl Iﬁgﬁﬁﬁt c%?ng?i@ésaa{ Ydurdday active gold

eposited onto the nanoporous support nediumis |ess
than 30 nm 70 WD 2005/ 030382 PCT/ US2004/ 031265 32.

The_nret hod of claim 1, wherein the total thickness.of
23.c ot RS e Ry ol A i theralbet M SRS potassilm
carbSARPAIIAHS akdRROEAthTREhILAt icOmipBSss Haliam latem 5 33. A

het er ogeneous catal yst system conprising: a) a

nanopor ous support medium b) at |east one water

2407 ¥ SR lon ez PR bl AR hp BB oo

support nediumat a Penetration 10 Depth Ratio in the
range of from about 1 x 10-9 to about 0.1. 34. The,
25.het thorethed 9f claim P2y whergindhe sHRPPTt i SeMPHiFes Aymingh e
nanopor ous support nmedium has a nesh size, a x b,
wherein a is in the range of from about 8 to about 12
26.andThe methodmf chémrianteredf thé sappoatediuRQs trix aband codninuted

15 35. Th t t t t claim34, .
o ot 4 RGN OF GRGHESTOUt o BN el SARPT BORIqh Sle Catdytically

acti]ﬁ/@ggﬁl&fcufsrom about 8 to about 30. 36. The _
ef’er ogeneous catal yst system of claim 33, wherein the

total thickness of 20 catalytically active gold
27 ? ﬁg ﬁels%l%&mog%tf%latmrﬁ, AP g()rrr?ﬁjnssir?gugl%g{dtmgn:ﬁ%alél[n oﬁesacidﬁfc'osnal

catalyst onto the support medium.

28.  The method of claim 1, wherein the nanoporous support medium has a mesh size, a
X b, wherein a is in the range of from about 8 to about 12 and b is in the range of from

about 20 to about 40.

29.  The method of claim 28, wherein the difference between a and b is in the range of

from about 8§ to about 30.

30.  The method of claim 1, wherein the total thickness of catalytically active gold

deposited onto the nanoporous support medium is less than 50 nm.

31.  The method of claim 1, wherein the total thickness of catalytically active gold

deposited onto the nanoporous support medium is less than 30 nm.
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nm 37. The heterogeneous catal yst system of claim 33,
wherein the total thickness of <catalytically active
w@oiod/osiBgnsi t ed onto t he nanoporous support neERPCT/IDE1084/031265
| ess than 30 25 nm 38. The heterogeneous cat al yst
system of claim 33, wherein the total thickness of
catal ytically active gold deposited onto the
nanopor ous support nmediumis |less than 20 nm 30 71
WO /
2. o deannge amt L A e SRR, & SRRIRANP st el
depdeiteé ogethe aasopoatalsypporsysdiem is despthani2@gm. i) a
nanopor ous support mediunm ii) a pronoting anount of
an al kali netal salt present on the 5 support nedi um
and iii) catalytically active gold present on the
support nedium and b) causing the heterogeneous
33. cat/ahstetogeyeiue ertalyscsstely comatisipgcont act the CO. 40.
The nmet hod of cla rein the support medi um

compri seshano B%PB%E%@Q%&%%% material . 41. The method
of wl ai it #fdst dearBbMsoluitte slldial re tedl onfathb sEEHORY hédiBmaand

potassiumsalt. 42. The netho cl ai m 40, wherein
t het)al kaatalyfisally agtiver g%d@qsé@%orﬁ@ﬁwgm megium at a Penetration

compr i oinpiRed R TAIE s Fonf el L0 WD o

onto the support medium 20 44. The nethod of claim

43, wherein the al kaline earth netal salt conprises
34. harFherheteaganeousscatatyst sywker 9f clBim Spavheren. th%%?’@f)’f?“ﬁ Repport

mecﬁ?’xﬂﬁ}%al rrrlﬁgiﬂ s £OBPHhSER Ak WitHRdaneloF ftfin a0dHe STEHPAA 12 and b

wher el n the support di um conpri ses
is iradhe ranpe. of 4im The:t AR thatcbubA0.cl ai m 39, wherein step (b)
occurs by supplying the CO under anbi ent conditions.
30 48. The nethod of claim39, wherein step (b) occurs

35. ?3?[ PR b BehebBEc &Py @ lsyfem lof CREH B4y Berein the@8iFfeidiRB boeen a

and b is in the range of from about 8 to about 30.

36.  The heterogeneous catalyst system of claim 33, wherein the total thickness of
catalytically active gold deposited onto the nanoporous support medium is less than 50

nm.

37.  The heterogeneous catalyst system of claim 33, wherein the total thickness of
catalytically active gold deposited onto the nanoporous support medium is less than 30

nm.

38.  The heterogeneous catalyst system of claim 33, wherein the total thickness of
catalytically active gold deposited onto the nanoporous support medium is less than 20

nm.
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WO 2005/ 030382 PCT/ US2004/ 031265 49. A net hod of
oxi di zing CO, conprising the steps of causing a
whedosoageneous catal yst system made in accor de@ES2404/081265
the nethod of claiml1 to catalytically contact the
CO 5 50. A nethod of meking a catal yst system
conprising the steps of: (a) inpregnating a water
39.s0l ﬁkﬂl‘@h@‘ngi oxfizinz{ Qegrapmsistgdhe gepsfyst support

mediyum . i ' . .Sypport

me d%l)u m a@}édﬁgﬁbg‘%ﬁlﬁ’%&%&g? é%?gét@ﬁgﬁ%g@o 31?1%2 00C; and

10 (c) physically wapepotepespdortgediaial ytically

active gold onto the heat treated. s ort ium 15
S A erhod B rmb PrRamemRpeer s ARBRpetebeRon the
the st ep@p?f)ﬁng&ﬁurgpm cally vapor depositing

catal ytically active gold onto a nanoporous catal yst
support nedi uii) andataly(itallydutivengpldprdsestsin the prppoitoneddim; and

said physical vapaor depositiqn, m Xi .
corfh hut ringnebe B Ermere R i BuemAT n RSy brsastis the CO.
catal yst system prepared in accordance with the nethod
of claim 20 1. 25 53. A nmethod of making a
40. het Ehvgpethod 96 claim 3Py whersipghe syppes mprdiwhn gmpHEesst aaglypnaceous
mafin; @) determining information indicative of the
I'npact that a water soluble salt has upon the
catalytic activity of gold that is physically vapor
deposited onto. a support medi uminpregnated with the
41. 5] The mgthogof glaira Ot Whereinrthe akkeli mstal sal rises apafagsipm salt.
systemderived fromingredients conprising the salt,
the nedium and gold. 54. A nethod of making a
42. cat ‘Bhy/siethey of elnmdOnwhersinrthe dlkali steeqb salofomke§ pptassium
I npregnating a water soluble salt onto a nanoporous
Caﬂ&‘g{%taﬁl'yst support nmedium 73 WD 2005/ 030382
PCT/ US2004/ 031265 (b) physically vapor depositing

catalytically active gold onto the inpregnated
43. supplag methediofimaim 39, further comprising an alkaline earth metal salt

impregnated onto the support medium.

44. The method of claim 43, wherein the alkaline earth metal salt comprises a barium

salt.
45.  The method of claim 43, wherein the support medium comprises alumina.
46. The method of claim 44, wherein the support medium comprises alumina.

47. The method of claim 39, wherein step (b) occurs by supplying the CO under

ambient conditions.

48.  The method of claim 39, wherein step (b) occurs by supplying the CO at a

temperature of less than 5°C.
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55. A heterogeneous catal yst system conprising: 5 a)
a nanoporous support nedium b) an alkali netal salt
w0 pgesesn3st ed onto the support nediuny and c) PCT/US2004/031265
catalytically active gold physically vapor deposited
onto the support nedium 10 56. A respiratory
protection _system conprising a heterggeneous catal yst

49. gy <t BiFhA9 of Q&g O COmPHSIEE Hhersters 9f Sasinga heggrogagicous
cata%t sySieen 1RaQI RESHnd¥ Wi He! R SY S GBHP] t&éa@élgﬁéﬁy contact the
erein sald systemis a personal respirator
CO.protection system 15 58. The respiratory protection
system of claimb56, wherein said systemis a building
respiratory protection system 59. The respiratory
50. Pr ot fetHoRrbr $¥aRiRM &ﬁalgit%yméﬁaom&fsﬁreg fhe SRpLosyStemis
a vehicle 20 respiratory protection system 60. The
sys$®em dmprsigaitingsbyaighsolebla salnenteypgtanopaireuss estelysteupport
fromthe group consisting of a mask and an escape
hood. 25"61"™The system of claim56, wherein the
Sysbem Geafifdaifs tRNmprdgnpiét ishpport imediuaeiiaGemp&durelfiater than
system of claim56, wherein the systemconprises a
filter BoENCHRriadng the heterogeneous catal yst
system . . .
ol . ShshicalyAplPACHRGl: 3By e BRI, uR By Hened
WO 2005/s0pimBaedOm. US2004/ 031265 64. The met hod of
cl aim 63, wherein the conmpound is CO 65. A nmethod of
usi ng the catal yst system of any of clains 33-38, 52,
51. of §Ee,%d%h%v§ﬁr§ra @dﬂa]?ﬁg?{i&ﬁ, FPsIEM ngth ‘éﬁags? Jpe et hod

of clalm 65, eln e’ compou C%) "A net hod
of (Meki mhysicdbt apysdemmyising watakytingliy aitivg golleonse e panapbrous

hydr ol yzi nmet al al koxi.de onto a nanoporous
supportCﬁ@gﬁgﬂﬂmgﬁaﬁﬁﬁPﬂng%id hydrol yzi ng step, using
10 (physidesihg YRRt aPRRRS dfisafd ﬁh@g@ﬁ%%bﬂ dépatiaibil ih&ald shd
active gold onto the support.” 68. The nethod of clalm
67, furtcheymioetingthe segportreedivmp of , after the

hydrol yzing step but prior to the gold deposition
step, heat treating the support.

52. A heterogeneous catalyst system prepared in accordance with the method of claim
1.
53. A method of making a heterogeneous catalyst system, comprising the steps of:

a) determining information indicative of the impact that a water soluble salt

has upon the catalytic activity of gold that is physically vapor deposited
onto a support medium impregnated with the salt; and
b) using the information to make a catalyst system derived from ingredients

comprising the salt, the medium, and gold.
54. A method of making a catalyst system, comprising the steps of:

(a) impregnating a water soluble salt onto a nanoporous catalyst support

medium;
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15 69. A catalyst system nmade by the process of any of

clains 63-68. 20 70. A nethod of nmaking a catal yst
w@yBsem3szonpri sing the steps of: a) incorpor aPCHYSH04/031265

plurality of relatively fine, nanoporous guest

particles onto relatively larger host particles to

forma plurality of conposite particles; nd b) .

phyl8; camh,vswbb?f/aa% ;S‘S%‘?SEW%E‘@%\)R‘&P@X ?%%(mgykg@ttp\%e iggegnated
onto theyepsPakidhen, particles. 71. A nethod of making

a catal yst system conprising the steps of: 25

physi cal |l y vapor depositing catalytically active gold

ont | ural it f relatively . small, nanoporous

55, ques PR s Bt G RSB Q depoat v on,
I NGYr poradandforols suppdaRAEdLE;, guest particles onto a
plurality of relatively |arge host particles. 30 72. A

r edi r at@rafkady welaksalompsganpehoniorhe Punipey medipos ik

particle e ny,.of .cl.ai 70_an
g G TRa N Se e RN 8 B o lsitel .0“{/?%%\?‘%\?%9?&
syst em maetufay t he nethod of any of clainms 70 and 71.
74. A nmethod of naking a heterogeneous catal yst
system conprising the steps of: (a) incorporating a
o : . S oy '
36. 51 X Broplof} proRefib oy i L B e R R
accqtancalwithycleifmsc3dPpRsi2t er ffarti cl es; and (b) physically
vapor depositing catalytically active gold onto the
conposite particles. 75. The nethod of claim 74,
57. WherRi B Afory SEAbIROR! Ystbf clata BBPRNAES AR n%g)sﬁ:h‘?ﬁ a personal
conprise 10 an oxide of titanium 76. The t hod of
respifatoryrpidcctighesysem. t he rel ativel y coarser particles
conprise alumna. 77. The nethod of claim 74, wherein
the relatively fine, nanoporous particles have a 15
58. si Zﬁe@fesfiﬁ&ﬁy pRaectibAQysear B eRIR 1S, wildeinAR1 SR{eAPH atuilding
claim 74, wherein the relatively coarser particles are
respiiatoRy proteqien s3gemesh. 20 79. A het er ogeneous, catal yst
system conprising a plurality of conposite,
catalytically active particles, wherein said
59. corestiptratarapadtydtionalystymadt claud Spawhéreinesaiddystem is a vehicle

respiratory protection system.

60.  The system of claim 56, wherein the system is selected from the group consisting

of a mask and an escape hood.
61.  The system of claim 56, wherein the system comprises an air purification device.

62.  The system of claim 56, wherein the system comprises a filter bed comprising the

heterogeneous catalyst system.

63. A method of using the system of any of claims 56 to 62 to oxidize an organic

compound.
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derived fromingredients conprising relatively fine
particles and, relatively coarser particles, and
wWob@s080381 he conposite particles conprise cat aPgr/Usnbi/§31265
active gold deposited onto the relatively fine
particles usi ng physi cal vapor deposition. 25 80. The
het er ogeneous catal yst system of claim79, wherein the
64. o Hhepehgd off laimped-iheredd theommonagd 0 oxi de of
titanium 81. The heterogeneous catal yst system of
claim79, wherein the relatively coarser 30 particles
65. c oy mietledadf msingahe gl YWD s LA6H/ob A0B 8L CIRIGK/A3SK) 02/ @326 wxidize
82. .The hetgrogeneous catal yst system of claim79,
an QrEEPe R M conposite particles conprise titani um
oxi de coated alum na particles. 83. The heterogeneous
catal yst systemof claim 79, wherein the ingredients
66. f urTheemethéd olostpin €5 vehereih kel dompeuad is@Pt . 84. The
het er ogeneous catal yst system of claim 83, wherein the
al kali nmetal salt conprises potassium carbonate. 10
67.85. Awaldaeifeﬁmaghe@amym?@bms&orﬁpﬁgl@gnhefstepb of IydfSlyzing a
wherein the ingredients further rise an
metgkalkeidds prjo e FABPHOTRUSTBUPPE IMediynT, ppdnakiersaid hydggyzimg step, using
t 0 t he
oy SEREAFAGOYROE R Mpbh cRUSHEM:GluSe Bl VBT
The heterogeneous catal yst system of clai m 83, wher ei n
the activating constituent conprises sodlunh 88, A .
68. het Bieogethedaks a%%lf%l@e@%]&)@ﬁﬁng cempen &% Agerahphuralyring step
but :ﬂhpf 6! fe Mﬁ'd)é%éshtﬂﬁl 4 ‘hle:&' tfedtin Oﬁ?&e%ﬁ ted onto a
ativery rser support mhereln t he
system conpri ses catalytlcally active gold. 89. A

69. ot BPHRERLHEETEHER ote SR eSO LAY PR ms 7o
t hrough 88. 25 77
70. A method of making a catalyst system, comprising the steps of:

a) incorporating a plurality of relatively fine, nanoporous guest particles onto
relatively larger host particles to form a plurality of composite particles;
and

b) physically vapor depositing catalytically active gold onto the composite
particles.

71. A method of making a catalyst system, comprising the steps of:
physically vapor depositing catalytically active gold onto a plurality of relatively
small, nanoporous guest particles; and
after the gold deposition, incorporating the nanoporous guest particles onto a

plurality of relatively large host particles.

72. A respiratory protection system comprising composite particles made by the

method of any of claims 70 and 71.
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73. A catalyst system made by the method of any of claims 70 and 71.

74. A method of making a heterogeneous catalyst system, comprising the steps of:
(a) incorporating a plurality of relatively fine, nanoporous particles and a
plurality of relatively coarser particles into a plurality of composite particles; and
(b)  physically vapor depositing catalytically active gold onto the composite
particles.

75.  The method of claim 74, wherein the relatively fine, nanoporous particles comprise

an oxide of titanium.
76.  The method of claim 74, wherein the relatively coarser particles comprise alumina.

77.  The method of claim 74, wherein the relatively fine, nanoporous particles have a

size of less than 100 micrometers.

78.  The method of claim 74, wherein the relatively coarser particles are greater than 30

mesh.

79. A heterogeneous, catalyst system, comprising a plurality of composite,
catalytically active particles, wherein said composite, catalytically active particles are
derived from ingredients comprising relatively fine particles and, relatively coarser
particles, and wherein the composite particles comprise catalytically active gold deposited

onto the relatively fine particles using physical vapor deposition.

80.  The heterogeneous catalyst system of claim 79, wherein the relatively fine particles

comprise an oxide of titanium.

81.  The heterogeneous catalyst system of claim 79, wherein the relatively coarser

particles comprise alumina.
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82.  The heterogeneous catalyst system of claim 79, wherein the composite particles

comprise titanium oxide coated alumina particles.

83.  The heterogeneous catalyst system of claim 79, wherein the ingredients further

comprise an alkali metal salt.

84.  The heterogeneous catalyst system of claim 83, wherein the alkali metal salt

comprises potassium carbonate.

85.  The heterogeneous catalyst system of claim 79, wherein the ingredients further

comprise an activating constituent derived from a salt.

86.  The heterogeneous catalyst system of claim 83, wherein the activating constituent

comprises potassium.

87.  The heterogeneous catalyst system of claim 83, wherein the activating constituent

comprises sodium.
88. A heterogeneous, catalyst system, comprising a plurality of relatively fine particles
deposited onto a relatively coarser support medium, and wherein the system comprises

catalytically active gold.

89. A respiratory protection system comprising the heterogeneous catalyst system of

any of claims 79 through 88.
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