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By a process orm a streamvconsisting primarily of hydrogen,
car bon 5di ahd€inasdefeaedanas preferential oxidation, has attracted interest due to the

possibility of using this technology in providing suitable hydrogen fuel for fuel cells.
Since carbon monoxide is also oxidized to provide carbon dioxide for carbon dioxide
lasers, the use of catalyst which previously had been found useful in the oxidation of
carbon monoxide for use in carbon dioxide lasers has also been investigated for

20  adaptation for use in providing carbon monoxide-free hydrogen for fuel cell feedstock.

A fuel cell is an electrochemical device that enables converting the
chemical energy of fuels directly to electricity. A hydrogen-air polymer electrolyte
membrane (PEM) fuel cell stack is currently considered the best means for adapting
this technology to most uses. The PEM fuel cell is most efficient using gaseous

25  hydrogen for fuel. Use of a fuel processor to generate a hydrogen-rich feedstock at the
point of use eliminates problems of storage and distribution of the hydrogen fuel.

A fuel processor can convert fuels such as alcohol, gasoline, liquid
petroleum gas, or natural gas to a hydrogen-rich stream. By a process of steam
reforming a stream consisting primarily of hydrogen, carbon dioxide and carbon

30 monoxide can be produced, but the product is generally saturated with water.

Processing this stream in a shift reactor reduces the carbon monoxide content to
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oxidizing carbon monoxide with free oxygen. It is another object of this invention to

provide a process for converting carbon monoxide (CO) to carbon dioxide (CO,) i the
presence of hydrogen. Again it is desirable to provide a process for producing

20  hydrogen fuel for a fuel cell in which carbon monoxide (CO) is converted to carbon
dioxide (CO,) in the presence of hydrogen on a scale that is commercially viable.

In accordance with this invention a process is provided for the selective
oxidation of carbon monoxide to carbon dioxide in a gaseous mixture comprising
hydrogen and carbon monoxide. In the process an amount of free oxygen is mixed

25  with the gaseous mixture comprising hydrogen and carbon monoxide to provide a
second gaseous mixture having an enhanced oxygen to carbon monoxide mol ratio.
The second gaseous mixture is contacted with a catalyst comprising platinum and iron
impregnated on a support material. The carbon monoxide in the second gaseous
mixture is thereby substantially completely converted to carbon dioxide. When used
30  herein the terminology "substantially complete conversion of carbon monoxide to

carbon dioxide" or similar terminology means that the amount of carbon monoxide



i npregnated on a support material. The carbon nonoxide in the second
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suit abl e fior gemiratotg v kydsegahati¢hofecdstoak@t ithe pdiat qfwégence of hydr ogen
speC|f|ed|naterrpe ra bout OC to erablyln
a rang® of about 25C %Pe§§§6§p°%§6&xld§ﬁ‘app%§sts CB?&?E? Qn aﬂygﬁﬁ ﬁlge of
about 50C g, ahauh 20 8¢ mili R BREUIAR tHAIdoRGidsRArioRi XA WneEEBE!
generally is in the range o bout 68.9 kPa to about 6890 kPa (about 10
psi a to abwith tHOOOc@Baiang aprafaeya@hybdbmﬂoma@BWlIhklﬁlacatai}’%tbout 1378 kPa
(about 14 psiato ab?t{t 200 |a The Ilca(ii 0 _of s e feed gas
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selective oxidation of CO in the presence of hydrogen specified in a temperature range
of about 0°C to about 300°C, preferably in a range of about 25°C to about 250°C, and
most preferably in a range of about 50°C to about 200°C.

The pressure during the oxidation process generally is in the range of

20  about 68.9 kPa to about 6890 kPa (about 10 psia to about 1000 psia), preferably about
96.4 kPa to about 1378 kPa (about 14 psia to about 200 psia).

The ratio of mols of O, in the feed gas to the mols of CO in the feed gas
will generally be in the range of about 0.5 to 8.0 mol O,/mol CO, preferably 0.5 to 4.0
mol O,/mol CO, most preferably 0.5 to 1.5 mol O,/mol CO.

25 The gas hourly space velocity (cc feed gas per cc catalyst per hour) can
be in the range of about 100 to about 200,000, preferably from about 5,000 to about
50,000.

The hydrogen will generally be in the range of about 50-90 volume
percent and the inlet CO will generally be in the range of about 0.1 to about 5 volume

30  percent.

The preparation of the catalyst useful in this invention can be carried



be in the range of about 100 to about 200,000, preferably from about 5, 000
to about 50,000. The hydrogen will generally be in the range of about

50- 90 vogmr/47deer cent and the inlet COw Il generally be pariReydaape of
about 0.1 to about 5 volune 30 percent. The preparation of the catalyst

useful in this invention can be carried WO 01/47806 PCT/USOQ 42050 -4 out
by the process disclosec in USPN 5, 017,'&7 and USPN 4, 943, 550, which
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al so be an réddglytavpitibdeisommercidtiyc material in any of the shapes cited above
and coated with alum num oxi de and/ or magnesi um al um nate _spinel. The
i mpreghftion of the SIPSEHY thaswicspragiof fhetuapeiamtekd Whish cambe pe 20
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conpounds I'ron I'Ssol'v a sul e so prerer y “wat er,
to prepar e aBo@d50tnh’pn Dhe supybitabh Be ephivgienl tAindeiBal, GHOEA12dhadritebat, &ingli ng from
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range of from about 0.2 mm to about 20 mm, preferably from about 1 mm to about 5
15 mm.

The support can also be an inert porous, ceramic material in any of the
shapes cited above and coated with aluminum oxide and/or magnesium aluminate
spinel.

The impregnation of the support material with platinum and iron can be

20  carried out in any suitable manner. Generally, compounds of platinum and compounds
of iron are dissolved in a suitable solvent, preferably water, to prepare a solution of
suitable concentration, generally containing from about 0.005 g to about 5.0 g platinum
per cc of solution and about 0.005 g to about 5.0 g iron per cc of solution. Suitable
compounds of both platinum and iron are nitrates, carboxylates and acetylacetonates,

25  among others, with acetylacetonates currently preferred. Organic solvents, such as
methanol, ethanol, acetone, ethyl acetate, toluene and the like can be used as solvents
for platinum or iron according to this invention. Currently, acetone is preferred.

The support material can be soaked in a solution containing platinum
compounds and/or iron compounds or can be sprayed with such a solution to

30  impregnate the support. The ratio of impregnating solution to support material is

generally such that the final composition of the catalyst contains 0.05 to about 10
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the impregnated support material to obtain at least one platinum oxide, optionally
mixed with metallic platinum, and at least one iron oxide satisfies the requirements of
this invention.

20 After the oxidation the calcined, platinum/iron impregnated support is
subjected to a reduction reaction which can be carried out in any suitable manner,
preferably at a temperature in the range of about 20°C to about 650°C, more
preferably from about 200°C to about 500°C. Any reducing gas can be used, such as a
gas containing hydrogen, CO, gaseous hydrocarbons such as methane, mixtures of the

25  above and the like. Preferably a free hydrogen containing gas, more preferably a gas
stream of substantially pure hydrogen, is employed. The reducing step can be carried
out for any suitable period of time from about 1 minute to about 20 hours, preferably
from about 1 hour to about 5 hours.

The reduced, platinum/iron impregnated support can be further treated

30 by contact with any suitable organic or inorganic acid having a pH of less than about 7.

Preferably, an aqueous solution of nitric acid or of a carboxylic acid (preferably acetic



preferably at a tenperature in the range of about 20C to about 650C, nore
preferably from about 200C to about 500C. Any reducing gas can be used,
such as WO 0ya®o6éont ai ni ng hydrogen, CO, gaseous hydr ocar bPGEUSWHI030S

met hane, m xtures of the 25 above and the |ike. Preferably a free hydrogen
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of this invention. Before use in the process of oxidizing carbon nonoxide
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requirements of this invention.
Before use in the process of oxidizing carbon monoxide the oxidized,
acid-treated, supported platinum/iron catalyst can be activated by a reduction step that
20  can be carried out in any suitable manner, preferably at a temperature of about 20°C to
about 650°C, more preferably about 200°C to about 500°C for about 0.5 hour to about
20 hours, preferably about 1 hour to about 5 hours to enhance the activity of the
catalyst composition for catalyzing a low temperature oxidation of CO with O, in the
presence of hydrogen. Any reducing gas can be used: hydrogen, CO, paraffins and the
25  like and mixtures thereof.
The following examples are presented in further illustration of the
invention and are not to be construed as limiting the scope of the invention.
EXAMPLE ]
A catalyst precursor was prepared by weighing about 500 grams of 1/8

30  inch alumina spheres (Alcoa S-100 activated alumina) into two medium porcelain

bowls and calcined at 800°C for 16 hours in a an air-purged muffle furnace. 400



20 can be carried out in any suitable manner, preferably at a tenperature
of about 20C to about 650C, nore preferably about 200C to about 500C for
about Ow® ¢1611806t 0 about 20 hours, preferably about 1 howCTiEsoaszie 5 hours
to enhance the activity of the catalyst conposition for catalyzing a | ow
tenperature oxidation of COwth 02 insthe presence of hydrogen. Any
reduci ng gas can be used: hydrogen, CO paraffins and the 25 like and
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pl ati num eqlugtorac%yna eutdrh pethe pmaragaatian sofytion had heem eppliad; to dlg BYrard 10. 13
grams of V\g—réacg a(lyfs Fa%éa’{nacﬁ?}aﬁ%%eﬁan&‘hé‘a*?ed%t 1@?%3‘83@ §’n SLY oughe

support requen t 0o assure an even |0n of 1

sol uti on. (akey aRMl offfik @Etohbena pRtieny aédodiposlghé ﬁmtdradettaleeaomw ied to
the support the catalyst was placed in a draft oven and heated at 175 C

for 45 ni hbe pcesseant spoaing, tsrrerr@gnddremmgrye@frﬁpqarﬁ@ Hecstroeie tm&mi p¥hen al |y
deco Si t he rreta t onat es he Qcesse of s i ng,
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i mpr egnat b&%oﬁ@bﬂﬁﬂd&ﬂZ@ﬁgrahﬁ%cN&ﬂﬂplb&&l igahaiysiregvdsudiy/figeideguall by into
portions of about 202 gr ams each and placed in an air-purged nuffle furnace

heat ed at 15A%Dfog Ifhwur,20Q5Grfor 2b0urs ahdA00° (Frﬁllr%h(aml "ﬁh)l@'hc}ltfttﬂatrsemour s. This

heat t t ded t 202 d
per cent - pPEVMRGAD 003 P aNion of BERCeR Ah SR ST e S P yEEhe
precur sor erl&t%%%&ina&s%%lﬂfﬁﬂ&lﬂ%ﬂ'0” of cat aI yst precursor was

transferred to a 2 inch dianmeter quartz reactor which was then nounted in
a vertical tube furnace. The EXAMPLE 11

A 202 gram portion of catalyst precursor was transferred to a 2 inch
diameter quartz reactor which was then mounted in a vertical tube furnace. The
catalyst was activated by reducing at 300°C with about 200 cc/min hydrogen gas
downflow at atmospheric pressure for three hours. The catalyst and reactor were

20 cooled under hydrogen flow followed by nitrogen purge thereby providing an activated
catalyst. This is Catalyst A.

EXAMPLE Il
Another 202 gram portion of the catalyst precursor was transferred to a

2 inch diameter quartz reactor and mounted in a vertical tube furnace. The catalyst

25  was reduced at 300°C with about 200 cc/min hydrogen gas downflow at atmospheric
pressure for three hours. The catalyst and reactor were cooled under hydrogen flow
followed by nitrogen purge. The freshly reduced catalyst was poured into a large bowl
and impregnated in a ventilated hood with about 60 cc of concentrated nitric acid. The
acid impregnation was done dropwise with stirring. The impregnation was done as

30  quickly as possible to minimize oxidation by exposure to atmospheric oxygen. The

acid treated catalyst was dried and calcined in an air-purged muffle furnace heated at



catal yst was activated by reducing at 300C wi th about 200 cc/m n hydrogen
gas downflow at atnospheric pressure for three hours. The catal yst and
react or wee4m06 cool ed under hydrogen fl ow foll owed by niRCTYSW/4R080ge

t hereby providing an activated catalyst. This is Catalyst A EXAVPLE |1
Anot her 202 gram portion of the catal ysf. precursor was transferred to a 2
i nch dianmeter quartz reactor and nounted in a vertical tube furnace. The
catal yst 23owas,f dycedofc fI0Gopd ﬂqdamut BP9 n6&sMie RYA[R0FAs 9as downf | ow
at atnosphéric pressare for three hours. The catal yst and reactor were
cool ed undemsfeyidd ogen ihttodvamt @k boavedrebgtomwhich gens tipmrmgeuntdden £ vasibdly reduced
cat al yst was Poured into a |arge bowl and inpregnated in a ventil ated hood
wi th abouttuBditepacss The salalyst waerrtivplef by redicHs &rﬁao @&t 35eBF EYheM8h was
done dropw i LA [Bacols i Lekly as
possi bl e \tlﬂa/a fﬂg‘r% %lgszae&g)@%‘gtg } %ﬁbggﬁégﬁg%% fggt%%gg '3*?%‘3%3%533}6& The acid
treat ed catadtysters@solddivaderadiydrazah clonefdllowedby aitrogpupged therthy profvidimace
heat ed at WO 01/ 47806 PCT/ USOQ' 42050 . 150' C for 1 hour, 200'C fo: 2 hours
and 400' C angetigatpd peid-tragied eagalysty Jhisigsatelypldisf erred to a 2 inch dianeter
quartz reactor which was then nnunEgglgg%%Ivertical tube furnace. The
catal yst was activated by reducing i th about 200 cc/m n hydrogen

gas downflow at at nDEhRSse CopvS o hensiths follomees sptifient e wad.alTyat and 5
reactor were cool ed under hydrogen flow foll owed by nitrogen purge thereby
provi di ng Wein twe s¢nastte BroaksidgS Ok amse fovgonirgders- ongifer the ((QfegdydendmndexavpLE
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mass ow controllTers- one fo f eed bl end

and 10 onglih@r. aihefd®@vlend herfddyok@ndopasematd with de 3@kahid Being al um num
hi gh- pressure cylinder. The CO blend normally was 1.0 percent COw th the

bal ance béivdrpgehy dhe genvas Fhepleidbyasn sapssl sysiembyl erCO hlaglgd agysgtcams The CO

bl end and air-str . \W\ere j.okne t the i.nlet to .a., et. | ass tube
with an o¥@F/9 %ﬁ%ﬁﬁﬁBﬁgé??éﬁ%&?ﬁﬁ%ﬁséggﬂgﬁ{?]$H§U§P§§%§Fﬁ%gk@3 cool ed by
a tenper attdbRnt ONd QhdsadbEWhEAEd Biga Rigeratbiieant6ll&ut i LR Hat] whith

tenperature to a specific tenperature chosen fromw thin a range of 5Cto
about 1300Coulfhntrat theyernpareaisrd wadpdciiing¢rperatyee ¢flogers rompeithin a range of

5°C to about 100°C. The catalyst was loaded inside the glass tube.
The catalyst was prepared as set out in Examples I-III. A quantity of

2.0 grams of the treated catalyst was loaded into the glass tube with mesh quartz chips

packed into the void space. Each catalyst was pretreated by heating to 97°C for one
20  hour with 100 cc/min of hydrogen flow through the catalyst bed. The tests were run

with conditions as shown in the table below. All runs were carried out at ambient

pressure, at 10,000 cc feed gas per cc catalyst per hour, GHSV (gas hourly space

velocity) using a feed of 1 percent CO in hydrogen. Data were taken every 15 minutes

with the 30 minute results recorded as the result of the test run.



The catal yst was prepared as set out in Exanples I-111. A quantity of 2.0
grans of the treated catalyst was | oaded into the glass tube with nesh
quart z ohops47specked into the void space. Each catal yst wesT/pséiaesat ed by
heating to 97C for one 20 hour with 100 cc/m n of hydrogen flow through the
catal yst bed. The tests were run withgonditions as shown in the table
below. Al runs were carried out at anbient pressure, at 10,000 cc feed

gas per cc catalyst per hour, GHSV ( urly space velocity) using a
feed of 1 percent CO in hydrogen. Da’gjgrij\ivgﬁ‘e taken every 15 mnutes with the

30 mnute rfésults recorded as the result of the test run. WO 01/478(Q6
PCT/ USC0/ 42050 __- 9 FABEEnd PEFe(@cid hrpated) imetha Prepenceofifiyfroged + e pProadence of
Hydr ogen T4rget| Actual [%Conv %ony Cg) dSel ect | / 0Sel gct t| TenpC @ CO
G 00 O, CO|surv| vakado |G S5l % fokcoat i| osCunt 4o ABg | %seet do. 1
59.3 0.4270 8. D TehpAc80 2P 699964 |0 ®,0519 60.1 §\’§,§5 2| 5to1c® 99. 8
99.9 0.0004_51 5 A 80 [omekato 1 BelTaioag o'g dggg 4712 VRosgla 5 3 dg 4
100.0 0.0090 433 ¢ 8¢ 1 .8 100.¢)g 59}51@0_4250 #63 6 [19.48780| 2 4.6 100. 0
97.0 0. 031462 B 80125 1911000 1Q0. 0 0. 000 5I.[/ B 80[Z. 75 Z.|]1 100.0
100.0 6.0000M7(0 8B 80 3 2.3 $99. 9.400./10 P.9000 4P 1| AP 1/0.€6.190.{3 85.0
0.1570 119.[2 15| A 25 1.|5 1.2 87.6 96.5 (0. 0359 (93 A 116 84.7198.0
0.0202 74.4 % p5 302 an.-é 989 ]09.601 4 %92?9 /\?9%% v é:%i)aé/s 3 %o‘io 0. 0093
41.1 A 80 275 2.1 99.6 | 1000 | 00000 | 472
A 80 3 2.3 99.4 100.0 | 0.0000 433
B 80 1 0.8 100.0 59.5 0.4290 76.6
10 B 80 2 1.5 100.0 97.0 0.0314 62.7
B 80 2.5 1.9 100.0 100.0 | 0.0000 51.7
B 80 2.75 2.1 100.0 100.0 | 0.0000 47.0
B 80 3 2.3 99.9 100.0 | 0.0000 43.1
A 25 1 0.8 90.3 85.0 0.1570 119.2
15 A 25 1.5 1.2 87.6 96.5 0.0359 93.1
A 25 2 1.6 84.7 98.0 0.0202 74.4
A 25 3 2.3 80.5 98.9 0.0114 52.9
A 25 4 3.1 78.3 99.0 0.0093 41.1
B 25 1 0.8 94.6 88.7 0.1200 120.7
20 B 25 1.5 1.2 91.5 98.9 0.0116 91.4
B 25 1.75 1.4 88.3 99.1 0.0089 82.3
B 25 2 1.5 85.5 99.3 0.0072 75.1
B 25 2.5 1.9 82.6 99.6 0.0045 62.3
B 25 3 2.3 77.1 99 4 0.0057 55.6
25

In the table above cat is catalyst, react temp is reaction temperature, conv is
conversion and select is selectivity.
The data show that both Pt/Fe and the Pt/Fe (acid treated) were
effective as catalyst in the conversion of CO to CO,. In oxygen conversion data the

30 acid treated catalyst had a higher activity than the catalyst that was not acid treated.
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tabl e above cat is catalyst, react tenp is reaction tenperature, cony is
conversion and select is selectivity._{ffke data show that both Pt/Fe and the
Pt/Fe (acid treated) were effective as catalyst in the conversion of COto

L. In °>‘1¥195ﬁ1€i§ﬁ8r5‘680i§§( gé;btuﬁ‘tégg{l&é}%n coldiihd éﬁélﬁ&hgglmh@;sgg&d a hi gher

activity tha e cata was not acid trea 7806
PCTI USOQ 42R20ies- 10 STAC ainddil 9J060 GAHEIV et acidbredted exdalysided shghtlclogirtGOns,
i ncluding the very high space. velocities. At 80C a V the acid

. At d. 10, 00Q  GH
treated c&PRYSEPN pdchsicsyipdiiy loss Gibsurgepl %’(S‘rﬂ/}é‘g]é?réﬁfgﬁ}i‘lY‘%wr(gQul bd in less
CO survi valco ' g BVA ; ! V t he
acid tr eat% gdéc%gfi gloripsotg r@%%‘?ﬁi.‘egﬁgé‘? %E%BX%%‘%?} r 5|a8'r?tl%}ﬁgg t (gﬂgrsa%t@%gpggs
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Reasonabl e variations, nodifications and adaptations for _various

conditions and uses Resgonsblengiations Modiiiqsboncypadsptatinnsiogvagesure and t he
appended cl ai.ns. 1/4780 4 =11 ess for
t he sel ectCP(}cghS% %ng\ﬁilsgﬁc% l§ecaF1 eg%{tﬁr#@ﬁ%(f%gég gthé%r Sgﬁélrg/i@ gc)l(?h ed%ipgﬁ%ggaseous
m Xt ure cQmnkSi ng hydrogen and carbon nonoxi de, which process conprises:
5 (A) mxing an anmount of free oxygen with said gaseous m xture conprising
hydr ogen and carbon nonoxi de to provide an oxygen to carbon nonoxi de nol
ratio in the range of about 0.5 to about 8.0 nol 02/nol COto forma second



gaseous m xture; (B) contacting the second gaseous m xture at a tenperature
in the range 10 of about OC to about 300C with an acid treated catal yst
conpri simg opkmbé num and iron inpregnated on a support nERGI/USN0/42050r eby
substantially conpletely converting carbon nonoxide in the second gaseous
m xture to carbon dioxide. 2. A procesg; according to claim1, wherein the
support material is chosen fromthe group consisting of alum na, magnesi um
al um nate and m xtures thereof. 15 cess according to claim 2,
wherein the support material is aé%%#ﬁ%gig. A process according to claim
1, wherein.the acid A peratedoctiatlestivd aidqioapdicaedohynaopidede ssrboonpr i si ng:
(1) inpregnating the support nmaterial wth a solution conprising a 20

pl ati num glmm@ﬁmca SASEPUS TRIBIUTE CORPEERH AYUPEY 2K Garem ree@ﬁs&s%dvmﬁbr eby

provi di ng 9%640 qgggtion m xture conprising an inpregnated support
naterial,pﬁfaflnu§? I 'nipregnant, iron inpregnant and solvent; (2) heating
the inpregnation m xAyrgixadg & ireopeodiiee oxydeh vatl dai gassulid inditeret to at

| east partially drive off the solvent providing thereby a dried catalyst

25 mi xt ur €ompE¥ing hydesen pyd carboremeneryds tapre vide pn gryEqAp catbondadioxifitce: ( 4)
heating the.dried al ] [ f 0 cont ai ni ng
gas at ox qulf?thogln(:t g%%%nlglx %?1 %b u)étogtgvﬁlbglétt Egﬁ II{(g)}( ?%?12023:(22 gc{%?s{ye%‘lgﬁ% ure; (5)
heating t bascoué fizaek;catal yst m xture in the presence of a reducing 30

at nrosphere at reducing conditions to provide a reduced catal yst m xture (6)
contacting the redudBi contagtiygthesesandraassqus MisHIaei AdCmpersiug i heIANSA0

01/ 47806 PCT/ US00Q/42050  -12- acid treated.catalyst. m xt T 7)
contaggin895%§§§c¢30€3@593 gé? ?%?nﬁﬁg%ﬁ%gl%V%ﬁ%gﬁﬂ%?ﬁﬂgﬁﬁgwgguéontaining
free oxygeRnatprech@Renhatsupfort Blatedial tH¥EebS WhbdtaitRNY coMpRiay coeveatinOXi di zed,

acid treated catal yst m xture. 5 5. A process according to claim4, wherein
t he oxi di zedbon mcmloyigde inithet sgeend gaseous mixture to carbon dioxide.

2. A process according to claim 1, wherein the support material is chosen

from the group consisting of alumina, magnesium aluminate and mixtures thereof.

15 3. A process according to claim 2, wherein the support material 1s
alumina.
4. A process according to claim 1, wherein the acid treated catalyst is

prepared by a process comprising:
(1) impregnating the support material with a solution comprising a
20  platinum compound and a solution comprising an iron compound thereby providing an
impregnation mixture comprising an impregnated support material, platinum
impregnant, iron impregnant and solvent;
(2) heating the impregnation mixture at a temperature for a time
sufficient to at least partially drive off the solvent providing thereby a dried catalyst
25  mixture;
(3) optionally, repeating steps (1) and (2) at least once;
(4) heating the dried catalyst mixture in the presence of an oxygen
containing gas at oxidizing conditions to provide an oxidized catalyst mixture;
(5) heating the oxidized catalyst mixture in the presence of a reducing
30  atmosphere at reducing conditions to provide a reduced catalyst mixture

(6) contacting the reduced catalyst mixture with an acid to provide an



contacted with an atnosphere containing hydrogen at a tenperature for a
time sufficient to provide a reduced, oxidized catalyst mxture. 6. A
process wo 004@oeg to claim5, wherein the support nateri acisswhzsen from
the group consisting of alum na, magnesi um al um nate and m xtures thereof.
10 7. A process according to claim6, wherein the support material is

alum na. 8. A process according to claim5, wherein the tenperature at

which the i . . I
icht eacgjgg%}g(%%g@?%@e@?ra\%l s heated is in a range of about 125 Cto

about 225 ich the inpregnated m xture is heated is in
a range of about 0. B7)h¢ontdctingliteicid tt&atdd Satdiyst iPixtude prithieRssmasgiierdi ng to
claim8, wherein the tenperature at which the dried catalyst. mxture is
cont act edcaritaipingAregtorsEPha RdeBppeRI hiong threaifigiggete nrevidsapoxidigede of about

100C to abo n h ime at which the inpregnated m xture is heated
isin a r%ﬁ%éeagtgggﬁglggt%{xgurhr. to about 1.5 hr. 20 10. A process according

to cla msl, whereinAlfiBcasbetousfgd ¢lainh, kérdin the 6RIAIRA cataystiniNtin@ iaci d.
11. A process according to claimb5, wherein the tenperature at which the
oxi di zed ewtasisdwithpx aimespherc contemenselydipzan A tempYaiyRefos advie ai ni ng

hydr ogen | t he r.ggg(ree uf%?q‘g‘?gf&fize%ooc%tf) about 400C and the tine at which

i S.i.n
t he oxi disilzf&mglétttglpf/osl SICBROREIET S th an at nospher e cont ai ni ng

hydrogen s in the A3e€sOhcdblbE toclai 5, wheraidQHé séppdft- mdterialAs picdess for
the sel ective oxidation of carbon nonoxide to carbon dioxide in a gaseous

m xt ure clooprthegiegpleposiggerlahmioarhagnepnodiaenatondmixtpres geseofconpri ses:
30 ( m xi ng an amunt of free o en wth sai asequs m.xt.ure

conpri%i n hydrogerqxﬂaceéﬁ?%c%(ﬁ%%‘gw&ég\ft%heﬁ?lg\}ﬁ%lgjpé)ﬁn&gﬁxé o carbon
monoxi de W.8k/ 47806 PCT/ USO0/ 42050 - 13 nol ratio in the range of 0.5 to
about 8.0 nmol 02/mpbl CO to forma second gaseous m xture; (B) contacting
t he secontl gaseous Aiproeaseacrording tngdaimad,uvkerein thhemmenagere at which the

impregnated mixture is heated is in a range of about 125°C to about 225°C and the
time at which the impregnated mixture is heated is in a range of about 0.5 hr. to about
15 15hr
9. A process according to claim 8, wherein the temperature at which the
dried catalyst mixture is contacted with an atmosphere containing free oxygen is in a
range of about 100°C to about 600°C and the time at which the impregnated mixture
is heated is in a range of about 0.5 hr. to about 1.5 hr.
20 10. A process according to claim 4, wherein the acid used in the acid
treatment is nitric acid.
11. A process according to claim 5, wherein the temperature at which the
oxidized catalyst mixture is contacted with an atmosphere containing hydrogen is in
the range of about 200°C to about 400°C and the time at which the oxidized catalyst
25  mixture is contacted with an atmosphere containing hydrogen is in the range of about 2
hr. to about 4 hr.
12. A process for the selective oxidation of carbon monoxide to carbon
dioxide in a gaseous mixture comprising hydrogen and carbon monoxide, which
process comprises:
30 (A) mixing an amount of free oxygen with said gaseous mixture

comprising hydrogen and carbon monoxide to provide an oxygen to carbon monoxide



of about OC to about 300C wth a catalyst conprising platinumand iron 5
i npregnated on a support material thereby substantially conpletely
conver t iwig o1/m806 car bon nonoxi de in the second gaseous m XRQF/ESEOE2E5Ar bon
di oxi de wherein the catalyst is prepared by a process conprising: (1)

i mpregnating the support material wthyf solution conprising a platinum
conpound and a sol ution conprising an 1ron conpound thereby providing an

10 i npregnati m ri si i rgﬁn ial,
pIatinun1P%%F%§hgh?%ﬁ#'Sﬁ?gﬁﬁ?égﬁ%gﬁygﬁgego &g%?g)@gggﬁégfld%g%hg
i mpr egnat ingReuf@; Xt ure at a tenperature for a tinme sufficient to at |east
partially drive off the solvent providing thereby a dried catalyst

mxture; 15 (3) opti(BhaonipctingiheseGong 2880ys nYregid teppergiure ghdie rghe and
(4) heating._ithe dpi talyst -m [ - pr f oxygen
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m xture; (Aprdagabi be atshgpxindiczietthebakyistantiuiy usmpletely benvertipanee of a
reduci ng at nosphere at reducing conditions to grovide a reduced catal yst
mi xture 20arben manerilstin e fehend gagerusdnixbirals,/eadeR dipyids whorein she eatalystt o
provi de an aciddhgeated cata“xg&,n1xture and (7) contacting the acid
treated cAREFPEEY AT KPITESNTIPEN %t nosphere  containing free oxygen at a

tenperature for a timypuhbiegh@ite the siipovi geaam wixh ds@adon ca@apdsihg eat ed
catal yst m xture. 25 13. A process for the selective oxidation of carbon

nmonoxi de phticameempaghdrnde splutian gerspatise Al Kow cempovst theichy PFRrMddivgen and
carboEOnDnoxide .which process comgrk§e%édgﬁ%mnn§&ggmanl%Hg%nt of free
oxygeh?wi TAPEENYGHEBEYE CRIRTIEIE 20 SR BN A SR B Eh* aRd & bon monoxi de
to provid%n%@g@%yg%m;ﬁb@ Rond®msi:de 30 nol ratio in the range of 0.5
to about 8.0 nol 02/ nol to forma second gaseous m xture; WO 01/ 47806

PCT/ USO0/ 42050 - 14 (BP) deatingcthe mypregeativadoinéirg asewmpontwiedpea imea

temperat urs&ff{cpen% Poeatrlgagggartially drive off the solvent providing thereby a dried catalyst
mixture;

15 (3) optionally, repeating steps (1) and (2) at least once and

(4) heating the dried catalyst mixture in the presence of an oxygen
containing gas at oxidizing conditions to provide an oxidized catalyst mixture;

(5) heating the oxidized catalyst mixture in the presence of a
reducing atmosphere at reducing conditions to provide a reduced catalyst mixture

20 (6) contacting the reduced catalyst mixture with an acid to provide
an acid treated catalyst mixture and

(7) contacting the acid treated catalyst rﬁixture with an atmosphere
containing free oxygen at a temperature for a time sufficient to provide an oxidized,
acid treated catalyst mixture.

25 13. A process for the selective oxidation of carbon monoxide to carbon
dioxide in a gaseous mixture comprising hydrogen and carbon monoxide, which
process comprises:

(A) mixing an amount of free oxygen with said gaseous mixture
comprising hydrogen and carbon monoxide to provide an oxygen to carbon monoxide

30 molratio in the range of 0.5 to about 8.0 mol O,/mol CO to form a second gaseous

mixture;



of about OC to about 300'C with a catal yst conprising platinumand iron

i npregnated on a support material thereby substantially conpletely
convert Wigoi/4¥806 car bon nonoxi de in the second gaseous m >ACAVESOV/@208@r bon
di oxi de wherein the catalyst 5 is prepared by a process conprising: (1)
i npregnating the support material with,a solution conprising a platinum
conpound and a solution conprising an iron conpound thereby providing an

ot egnant i ron | npPegnBi et SiptLRsFAIIhEEy R HER il R b e eBLEL 1 OO
m xture %fa%oﬁmﬂtefcﬁéﬂéh%wrc @nhlarmta U(f(fﬂl}ﬁﬁdiﬁ%plbﬁmﬁh ah@ash partially drive
ta

of f the solvent providing thereby a | ed ca yst mxture; (3)
opt i onal I1mpr¢g1amitqmgstsmeﬁsn2(tm’}alélmljel(}@)lbatlnﬂl?éh/sﬂomﬁ}mélyaﬁwmylg H®ating the
dried catal yst m xt. LN t he .presence cant, |n| n gas at

oxi di zi nd® PRYHE® E)F‘%‘i?flﬁ a%?ﬂ“%%”&}‘?eta Cér té thde Wh P ef %t)a eat i ng

the oxi dllgﬁgs gggdadyyaslgmgésgtcgﬁlgnglﬁgt he presence of a redum ng at nosphere at
reduci ng conditions to provide a reduced catal yst mixture; (6) contacting

the reduced catal yst 6li)ximpregnating thersuapérd magerial wnhcaesohawnac@mntsma ed

an. at MosgHErEm Egmpah dng T RAE e 8 ton Bt B S bR © ™ 1T

suf fi ci erﬂnptrﬁgnﬁﬁeﬂ hALuBNCoRhittiesh 1m;ﬁf§grﬁtéfdr t)&‘tj nfeddrall pHatidinxt ure and (8)

contacting't oxidized, acid treated catalyst mxture with an atnosphere
cont ai ni ngqplnqgﬁangmnampsegnemtpmdabhrcm for a tine sufficient to provide a 25

reduced, oxidized, acid treat .catal yst m.xtur
10 (2) heating t e 1mpregnat10n mixture at ‘a temperature for a time

sufficient to at least partially drive off the solvent providing thereby a dried catalyst
mixture;

(3) optionally, repeating steps (1) and (2) at least once and

(4) heating the dried catalyst mixture in the presence of an oxygen

15  containing gas at oxidizing conditions to provide an oxidized catalyst mixture;

(5) heating the oxidized catalyst mixture in the presence of a
reducing atmosphere at reducing conditions to provide a reduced catalyst mixture;

(6) contacting the reduced catalyst mixture with an acid to provide
an acid treated catalyst mixture;

20 (7) contacting the acid treated catalyst mixture with an atmosphere
containing free oxygen at a temperature for a time sufficient to provide an oxidized,
acid treated catalyst mixture and

(8) contacting the oxidized, acid treated catalyst mixture with an
atmosphere containing hydrogen at a temperature for a time sufficient to provide a

25  reduced, oxidized, acid treated catalyst mixture.



