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Abstract

The objective of this work is to study the activities of mixed oxides containing cobalt
oxide as a catalyst for CO removal in reformed gas. The mixed oxides with varying amount
of cobalt oxide were characterized for their specific surface areas, average pore diameters,
chemical structure and average crystallite sizes. Al samples were prepared by
coprecipitation method. The BET results showed that the samples containing 8% cobalt
oxide gave the highest specific surface area of 132.9 mz/g. Moreover, this catalyst showed
the best performance to CO oxidation. CO completely converted to CO, at 170 degree
Celsius. However, an increase in amount of cobalt oxide in the catalysts led to decreasing of
specific surface area and decreasing in the activity of the catalyst to the reaction.  For
selective CO oxidation, the same catalyst has shown the highest activity and selectivity to
CO oxidation in the presence of 50% H, in the gas feed. The effect of the presence of CO,,
H,O and concentration of CO and O, to the catalytic activity of the catalyst was also
investigated. The results showed that both CO, and H,O have negative effects to the
activity. This could be due to the physical adsorption at reaction temperature below 150°C
and the formation of CO from reverse water gas shift reaction at the reaction temperatures
greater that 150°C. Furthermore, the lower of O, and CO concentrations, the higher of the

catalytic activity in the presence of excess hydrogen was. This may due to the availability of

-active sites.

Key words: CO oxidation reaction, Cobalt oxide, Cerium oxide, Copper oxide, Ratio of Cerium

oxide to cobalt oxide, CO removal
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P 1 cC-11 P
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V({Po—P) V,C LV,LCAP,

desorption

adsorption
'V"
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ANAMAINISUNARURUUTLRET (V,,)

NnANANLTULaLIRARNUAIRINILTMTIUAN V,, Fadiensedunisd (5)

1
Vin = 145 (5)

wdwnduuimma V, idgn1ie STP waswdsudSuiesvesansigngaduluiludiuau

i Q/ 2 & o 1 3 ) 4 t
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2 -~ @ ‘ o A ' 1Y &
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2.7.2 mylwsgivnananvesiaaseaeadnasdfnuwsaty (X-ray Diffraction, XRD)
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wIaudnasgAnuNsAduL T uaI0 9ol luns IR I NlASIES 1HANVRIANSUSLNDULAS LS
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[
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dunT

— Ka -
drehiy = ——— (9)
R(hk) Bgcoso
uuali
dp(niy = Ywandn@Gs Swmbhsuluns

K Scherer constant (610U LAAINANUNINTTL UL AT INT

V049AEEn , K=0.9)

ANuENAdUSEL N

4
I}

- 17.
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I

By = muninildnsmieewnugagaeendyain medusfieu

3 = The Bragg angle vihaidudns

273 mylaneiesuszneuvesianailasaiosielasuilnngm (Gas Chromatograph, GC)
idesialasininnsvidueniesdioflimadelasninnsmdmivenamaniduau i
annsadufineld TngldmandouidumedliviufiTerduasuan Wy Bdon asvimihidus
wansuan drumasgiviioaziiuvewdmiovesnariivisqegluredu wWevisimuazmsae
\ndouitiunedui wasguiluneduiasfgadioussiegaluihainnudivesasiuluanaly
answanvilfesdvssneuluasuaugnwludednssfisieiu ssnanszuonesnandy madelas
ulnnsuuuielflunsiinsesiiinunmazuualunanedu wy yafue s 81 Bnein

waas duvieusewe nanskand Ylesiden wavynedaindon usu

srUsznaundniiddyrennios GC annsautsenndu 3 dw fe

1. duLaALmos (Injector) ﬁaﬁauﬁmmamﬁaatﬁw%gﬂamﬁ'@jtﬂ%qﬁa wayszwenansdule
dauﬁamﬁwgﬁmé’uﬁ Qmwgﬁﬁmmzama&%mfmLma'imm,ﬂuqmmﬁﬁgewaﬁwﬁﬂ'ﬁﬁaaﬁmixma
161 weisioelaivinlansaaneda 1wu Split Splitless injector On column injector gy

2. Tovau (Oven)  Aeduiilddmsvussynedutnazdiuiiniuaugungiivesnaduild
Wasylumuanumszaniuiznisfisesnsiassiansnay m'imw]uqmmﬁ‘uaﬂanuifuﬁ 2

a

wuu Ae lelwinesuea (sothermal) avldgmungiiisinasanisnaass wazgwuulusunsugumgil

L)

@

(Temperature Program) agansnsa/dsugamnissninansinsed snasdeddfvanswauidae
ifieani1e vililasanlnunsa (Chromatogram) Aldiifaludnunzdaau linte wazdsdivania
lunmsiesie

3. fnewees (Detector)  Apduiilidmiuinasdusznauiifiogluaisiedie uasgitans

fegriaulalivsinuegvile Inangvlinnuansmingaudal

18



AN S A e

R .

O

D

1. Flame lonization Detector (FID) musdmiunisasiainansiisinusyssnitemisuounas
lelasiau (C-H bonds) lulaanavefiSeninansduvnie (Organic Compounds)

2. Thermal Conductivity Detector (TCD) fifanunyt (Filament) #iinnslinszualwihneil wazay
Wisudisunsiudsuudaswesnssualivesianuuilugadsdauassaddotns nmaddeuudadd
szileuduiusiuadUssaninsthaufouvesansigasnsinssdsumdudssansnsinany
Souveafnewn (Carrier Gas) VilAmawnes wilnil anunsoasaaeuansldnnaiinenciuiieildidy
fingsawa

3. Nitrogen Phosphorus Detector (NPD) ifua3asnsiaiaiildnsiainanizansdunidiflulasay
wieveavesadunsdusznay Tnsasiogsasgnianlunatan (Plasma)  fAnangtieuiun
(Rubidium Bead) fignnszausnglaleasiaunazenia vilviansidlulnsiouvdoneanesanareidy
looau

4. Flame Photometric Detector (FPD) ansfifidauavionaaneialussdusznou wagnunluman
Tulasisunazoimaasliuadutisnduaney wasiaziulululasuifaflames (Monochromatic
Filte) TS wislwladiafwaneioas (Photomultiplier Tube) Wiiavhnsmsaada

5. Electron Capture Detector -(ECD) Jufimainesianziiliinansusenoudidalnsiian

(Electrophilic Compounds)

Samiple injection
syringe

.

Injection pore

P Computer

Bypass

valve

Gas Detector

eylinder |

Fan-assisted thermostatically
contredied oven

JUT 2.6 druuseneuiiugiuves GC

(http://www.kmitl.ac.th/sisc/GC-MS/main.html)
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2.8 maadauaua@InIalunsisal]iten (Activity Test)
Wunisfamsidsuuiasandivesasiamanieniwuasniaadiiiaduaugung i
Wasuwady suiedrmslvaresissaniivdsusladumuditmun dnudsenovoandosdet
wfifnwiigoansfinu fe Arwlalasiou Arweendiau Awariusulnesnles wasfie
ansusumauenlad Tasfemariiaziieasieimdos nislnavesfnwazgnaluqusieindosniuny
nslvaneulirgindecufnsaifeussadisaljiter dmsaiaieandunioianisinnuiou

(TCD) wiaunuu FID ﬁlﬁ"ﬁuagiﬁ’uﬂsmﬂwuaﬂuLaqaéummiﬁﬁ"\aamﬁmﬁzﬁ Faarinusunuves

o A e Py s

nelalasiauvseineeendiaundinaiiaujisemsounfiiannujisesdntu niefieigngadu

U v

wazAgeanumdIniRauieu nanlafensvesUSunafeivguniivienal urnsuaeyin

aaa ° @ 2/ as 1 aaa

mimaa"umstgﬂiawmmumaﬁﬁ’sﬁmm wiizelaglvfglelasiaulvaduieidnuisen

Wesaniheailiianisnasusiusfunsedunede (Tunisanasuesiuinnfusiug Taefinsusu

2

Iﬂiaaimw‘lumaammﬂgmmmmum'ﬁLﬂaauwmimnuwaﬂ,ammLﬂuaumamﬂmmﬁuu ) MA9AN

Hufrenauiinsesnveusionfnsaluf wgnlnsiAiediiaszifinalasnlvns v (GO

2.9 »AdeiieItas
Butch wazanuz (1995) Anwinswnbndimuuuiisajisemianfeulasfnwinanszmu
vasiwariveulaesnlgduaziisenisiseujisen wuin Maarsveulasenledlifinansznusanis

L‘i'ﬁﬂﬁ“&lﬂuannzv‘hmuﬂﬂa wahilluenedeuszansasnmsisedfisenasusunauentsdluyi

-

N o"l ’e)EJ'NlSﬂG’]’]iJ Lll@@ﬂd%ﬂiﬂﬂﬂ'ﬁ%’]ﬂ{]ﬂiEﬂE‘Nﬂ’J’] 450 aeALTaLdYd m%ﬂwanszwvuaa

3

an

Gutari wazAnz (1999) Anwianuansalunissaufiseiniusunesuenladesndindulay
asUszneudanesuariaueadesnled wuit fearfueulneenleduazlotrasidlugaduaguy
fufnvesinsefiser vldAnmsdavnamadiugasevesiensususousnleduas e
29N

Lin wazanz (2003) insineimsiiaufiseinsusuneusnledeandinduuulaveadsen

los Inswnseulausadeanleduauainaisazatslausadluase dronisanaznaumelafoulansen
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lad waviniseandiedumelalasioueseenled wuimsisanmsiinuiiseransueuseuanled
2anTndurzanadiioaveonBladuredlaueadAndy CoO(+2) = Cos04 > CoOOH)+3) =

CoOy(>+3)

Kang WazAnz (2003) vnnsnaasuuiisenasusuteusnladuuiuseufjizeriivsznauly
medissuoanlasuaglnuaadeenladnuii laveaseaniesiinnsnssaedinuudSoueonles waxds
W‘U?JmhmsLamiﬂuaa(ﬁaaﬂlﬂdﬁéqma‘lﬁmmﬁ”waaﬂ%Lau“uaq%ﬁauaaﬂlﬁﬁﬁﬂﬁ

Avgouropoulos  UarAng (2005) ANWINANTENUVBINIWSEUAILSIURATEY CUO-CeO,
dwiumadeniinuisenaniueunsuenledeandindu TaawIousissjisemeisnsanaznau
390 (Co-precipitation) 88msn lalasimesuea (Citrate-hydrothermal) 38gi3e lulmsmaaudady
(Urea-nitrate Combustion) uagdsduinsniudy (Impregnation) wuindisa §ATeedeudeis

giivlunsnaoudady (Ureanitrate  Combustion)  Ihuszavnsnwlunisideniinufjisen

afueuNeusnlyiesndindunasfmuniunisifeaniwgean wavsassisennwionnieisnng

2 '
2/ <y <l o

AnAzNeausm (Co-precipitation) liumiEIdwwIZgwEn

Park uagAme (2005  Anwinsideniinufisermsusunsuenlanoenfiaduuusiaige

Ujizen Cu-Ce Fiiulanensuddu lagvinisdulaueanlusisaufizen Cu-Ce/Y-ALOs %UIINTS
ulaveadifisudndoesviilfnsideniAnufitemiusunsuenladosndindugelu wasnsdoufineg
msuaulaeonledviothashlidoniinuiisunsveumeuenlasosndinduanasiioamaisingy
200 Bar LRl

Zheng wagAuy (2005) AnwinisieeuwazanwusuIflsalfien Cuo-CeO, lums
Anufiseasusunsusnlaneandiady lnewseudiseusanlosainnisaaiemvesdiseulunse
warhunduisessuliiususafTen CuO/CeO,Tin3eudeizaumsniudu (impregnation) Wuin
nsdanedvhemnieuiigumgiiinadmanednwusnanignmuesdidoueenled tneusinaves

radiadesnleduudilousenlyafigumgdl s00esrwaduasziinisnszatefivasnaliloseonlan

q

'
a o

nndign uagilevinsinfigamgiiiuinndt 800 sswrlwaluazdimanan1sisaufise 1fiosainag

v

londnvunaluguazaeuiveseanladuasdiduueanledliifniusyaiunag i
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o,y e

Zou uazaz (2006) AnwimsideniinfAeesusunsuenlsdeandintuiiiiglelasau
wnfunevasiniswWiisen Cuo/Ce0, Hdndiumsfufusdsufeitnsnnaenausiu wut daise
UATe1 CuO(10%)/Ce0, WiAnsiasundasfienfususeusnleduasarfosasmaideniingan
flguuadl 140 uas 160 ssreadea Welimsdiniluaneion Mbiauausalunisiseufisen

anas

Chung uag Yeh (2008) Anwinsdauasiendnseljizen Cuo-CeO, ﬁmi"umsm'aﬂﬁﬁ‘%mﬁ
gaungfion Tnsin3euddeufiten Cuo-Ceo, faeidn1sanaznausan aeldan1efonay
Usznaume fgasusuouanlenseuas 0.5, Aiweandiauiavay 0.5, Awlalasiauiosay 48, Anw
mfuaulaoenladionas 24, 1h¥osaz 12 lagUSuins wasfolulesiau Aanu$aswiiu
10,000 siedlae evinsuSudranufunsasng e answasiulaswesieansueuneusnles

Tutalalasiau msmmznauﬁmmmLﬂuﬂsmﬁmqwzﬁﬂﬁmmL%'m%'u‘uaa%ﬁ'amaaﬂlmiﬁm%u GR

[ '
A o o

[ a g o aaa 19 s
Wunsiiuduiididnuwizwazeznauvesradilasoonlanaiuisavinujisenlauin n1sianas

@ '
<f <l

Wasuulaswasingaiiveuteuenlemaziinduiioiinisiiuamnudunsasig wuinfisnanudy
nIAANAU 12 aziinsdsuntdasuesvesingansueueuenlenunnniniosas 99 wazmsiden
e fiFemsveuususnlaneaninduiiulosas 88 igaumadl 125 sswivadud

Liu -uagamg (2008)  Anwrufisersendintuiidiingaisveulaeanleadsdueglufing

v

lelasiauvessianiafiten Cuo-CeO,fifllastainasiuunluuasiiiuiiiog TnsniousiseUiise

CuO-CeOMETBNsANAENBUTIN YNNsANETTIguugil 100-170  aergaded aafina1s,

a

awviniu 120,000 gnunafiguRmnssensusiedalie nuinfigamall 150 seriwades Aaduty

u

YRaiwAISUBLNaUBNlYAtaENI1 100 AudIU wavaInsidantAniiweandiaudusesar 100 Tu

Qs

anmgififenisusulaeenlesiosas 8 uasthdosay 20 uenantsamuilastadesssuu Uil
CuO gunsansznemlaaiy Ceo,

Radwan wagane (2004) Anwnanssnuvssliuialaveadneniuaiunsalunisselisen
il Cordierite  (2MgO-2A,05-5510;)  tUuMs093u Ww3sudssUTedme sBumsniudy lngld
Vsinalausasseay 5 fedesar 20 Tashmin wui deiinusinamedevsasvilriuiifoves

AU ATe RN TuAY
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Anvaayn wiinendeyswn
A.UEUEY a.1lae 3.9ay3 20131

UNA 3

gUnIaluazisn1snaaeg

Tuuntinamsarsiall gunsaliasiasesdienllumuide FBn1smSeumisauiisen uas

dugarineazesueIimavadeunma s lumsisauiisen saufsaneaneildlunising

naasadmiunsalunululin 1 laeseazdunvasunasindagnuanwmuaiudadl

3.1

3.2

d191Adl
1. aoUweslunsn (Copper(iNitrate 3-hydrate)
gasiai : CU(NO3),.3H,0
US¥WKKER : BDH Laboratory Supplies,England
2. F5guluase (Cerium(il)Nitrate 6-hydrate)
gaiadl : Ce(NO4)s.6H,0
USENEHER : Sigma-Aldrich
3. lausadluinse (Cobalt(lNitrate 6-hydrate)
gn3all 1 Co(NO,)5.6H,0
USWMHKER : Asia Pacific Specialty Chemicals Limited
4. lgdsumsusiun (Sodium Carbonate)
guILALl : NayCO;,
USHMENER : scharlua chemie SA.
inseslauargungnl
1. Unines | 511 575
2. mguTuy. 28810
3. Uoudnans ¥
4. Tusm 7
5. adauasfisuiadase
6. ﬂismw’i'mﬁhmjm%ﬂm - AN
7. WHuwWIs WA



10.

11.

12.

13.

14.

15.

funans

tnewsindvuly

AZUNTITOUIUIN 100 (3%

WNDU UAZLANKNT

1304 Gas Sorption Analyzer NOVA-1200
- ¥aduiiiasunzuesiaseiisen
iFasiiaTeisniie X-Ray

- Iiaszvmssdusznauvesdfnsen
iw3asielasininnsd

- Tfaszvimesadssnauvasfinamey
\3esufjnsaiudn

- Tneaeuauansalunsissfisen

3.3 FBnselsudaseufisen

=l Ly | aaa by ad ] 1 €3 o a1 X
ﬂ’]'imi&lil@nLiﬁﬂ{]ﬂﬁ&l’]ﬂi}EJ'Jﬁﬂ']SG]ﬂG]%ﬂEJ‘UTJZU Imﬂna’l’uﬂuﬂmmaummdﬂu

1.
2.

N ke

Faprauilaslumsn 3Geulumsn wazlauoadlumsn TWlEUSInaMdonns
Uuanududuresasasarsmouieslumsn d5eulunse lavsadlumsn Ay
Funouit 1 Tngldilesaulus (Deionized Water) lsildpundudy 0.1 Tuasiedns
WulgihsuAsusluaaauduty 0.1 luasredns aslugnsazatenauvasnalivesiu
e Sidealumse uaslaveadlumsn nmuliiduiiorentu TneSadanumdunse -

fngvasansazaeviATUTENNM 9 wazmunsnaunleduan 2 Falus

- dmzneuitlduvihanudsenlazuennznauesn

tnzneuilalusufigamall 100 ssrneadea \Wunan 10 Falu
thansilaluniigamall 500 esruwadue Wuar 5 4alus
tansfilduuanasseuiienzunsauin 100wy Whansuszneulanenay reviles

aonlen F5ausanlas uazlauaanaanlyn

3.4 MTIATVRMANURaNIEYRIR LTI 3e

susaufisemianumgnirluiesizdnaueaudiianie iun AunRadimie msiaiiui

ArduwzvesisaUiiserannsatalamenisldiaies Gas Sorption Analyzer NOVA-1200 Tu

mytaazldiuseufisonszana 100 dadnsu Insldlulasoumanduaishiaruiu uenand
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,ﬁ..—._—.-v—vav-_Xv.__.,__T_ Y-w-w,._._.,__.._j
|

wihdslalinsiiesginiesAuseneuriinsig laswadumaaiivasUSuusiafisglundany
sanleacerisudndlsivunsadu (X-ray Diffraction, XRD) Bruker AXS, Germany  Model
D8 Advance

3.5  mmadauANEn e lunIsiseugizen

mMsvageuANaBNTaluMISUEATeN (Activity Test) FuseufATenfiniouanis
fenanadafuszgnnaaeuluiesfnsaini (Tubular Micro Reactor) d1v3unisvagauainy
Jedhwewinswfizewouiseimsveuneuantedeendindy gamgilumafiaufisenaunse
Falsiannesludulandae (K-Type Thermocouple)iduiasuuuiitsafjizen sadusznay
vasfhanauiiviseenveaados fnasiuiasgninmeilaeeissialanninnswilifidames
WUy Thermal Conductivity Detector (TCD) wavaaduiildlunisueniieg fe Molecular Sieve
nodutiildlumsmsaaeuiemusunsuanles feeendiau uasiwaniverlasenled Tuns
nwadauiiTsisenvzgnnaasunnuisslilunisisaujisemsveunsusnledeasndinduly
anmeiall Tunmesesgldduseufiiten 80 Sadndu Fuseinservgrmadeunmiedily
n1siseufiisenansusunouenledoendintu areldaniisfananiivsznaudiy fine
Asusulpuanlenferay 1 lneUiuns Mesendiausevas 1 lasU3uns wasiedidouiovas

98 lagUSunns ansinisivaldeusunassiu 100 anuIAnLgURLIn SEaUNd Aatduanusaa

winitu 75000 gnunAn@uRluasRonsuRatalug

3.6 UNUNITNAGBY
WHUNITNARDILEAIAIRNISIN 3.1

A19°99 3.1 WNUASTINEBY

Fuusiidaantsdnm TRTRIEITH
0131875882989 CuO:Ce0:C050, i 1. anududuvesarsavaslanes
Yanasanwudusal ASUBLUA

- 20:76:4 2. anudunsaanvesansasany
_20:72-8 3. gampiiuaznaildlunsouans
 20:68: 12 4. gamgiuaznandldlunisien
. 20-64- 16 5. TUMVDINZUNTITOU

6. maswfiseimsueunouenlus
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9ONTLATU NINAUUSTNBUMNIY
freasusuuausnlensaeay 1
ANY0DNTLAIUSBYAY 1 WAYAY

gidsusagay 98 lauUsuns

Jadendananssnuiunisissufisen

AU uNaUBn s nTatuluan1IzNilAnY

DBNTLIUNINLAUND

>
>
>

KansgnuvasaarsUsulaeaniyn
NANTENUYBILN
nansznuvasiwasusulneanlynuay
i
nansznuvesUSuiufiga1svauLe-
uanlynuavinvasndauluaisteuss

NSL3aURATeN

1. annglumawIeusinsaudisen

2. USunausnisadf)isen

3. 9msINSadelsuinssau

4. Usunauiwlalasiauluareteu

Saway 50 leeUSunns
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Uni 4
NANTISNAADWALBAUSIINANISVIAADY

Umﬁasﬂéwaﬁamaﬂ13wmaaaLLazmiaﬁiJiwwamimﬂaa\a‘umﬁaLﬁdﬂﬁﬁ%aﬂawwamauma%
sanlen FiSeusanles wazlausadesnles lasvianisinwuvseenidu 2 diufe diuvesnmautd
vadlavizeantes uazdruvesauansnluninsalfiser defedidesnisdnu i USumves
laveadeenled uavUSutuaelideseanleddornuainsaluniaseuiisenasvasuneuenlad
senfiatunazanuiadhlunsideniind fitenausuueuenlesoentindu Instadefidmanseny
somuiadlilunsisaufiten 1iud wansenuvesfngariveulaoenled nansenuvonii uax
nansenuvasingansusulasenleduazitdeainuiedlilumsssufisevesias s fAseriidnen

Tnefisvavidansasaluil

4.1 aueauURvasiLseUfisen

9.

< s

FusaiisenieTeulavianuavzgnininiinsisdaaaudivianmenin Tewn Audird e

k]

voafussufisenlanldinios Gas Sorption Analyzer NOVA-1200 Ver.3.70 uLazaulnandnuaz

lassafmaniivesdussjiselaeldinondndisdfiviunsadu (Xray  Diffraction,  XRD)

SEALLDYALEANIFIA

4.11 Namﬁmsqsﬁﬁuﬁﬁ'za‘iqumjaaéf'sLéaﬂﬁﬁ‘%m

fsafisendsuinlansrauneuesoenluduariiioueonlasniinisldlaveadoonles
Guanslustunsan fidnsrdiufesaslngtmiinuesnauilasoonled fi3susonluduazinuoad
oonlasirineiu wisulagIinsmnazneusin uasndrandrenznauazetn aznaugneuiigamgil 100
RAGRIC RIS LLaszﬁqmwQﬁ 500 svrEadea Mndutinlegiuiiasuwzleglfiados Gas

Sorption Analyzer NOVA-1200 wansvaaeuanslénanisedi 4.1



1% ] ‘
A o ° al

A5 4.1 Ruiihdumnzuasruingngueisvesisaiitononsdmsesaslneuininuo ey

Woeseanles FSeusanladuazlavsadeanlaenmaiy

arsuseney
s (Fovazlngimiin) Midiiduws | wnegnuade
F9813 (M1379LLRT /NTN) (W luwag)
Cuo CeO, C0304
1 20 80 0 97.1 13.7
1 20 76 0 160.4 35.6
3 20 12 8 132.9 14.1
a 20 68 12 | 95.4 9.4
5 20 63 16 82.5 14.1
6 20 0 80 32.9 46.2
1 0 0 100 299 40.9

PITNA 4.1 LEAINANITILATIEURUNRIT L NIZY9a15MBE1 Tas@AnwUSuiuasUiles

& a aff

senlenrediuueanleniiilavsaseenlemduasiuslunsulumendndiulngtwin Teglvdsua
nedilesoanludin Aforay 20 Taotwin uazansiegnataungnuniigamgll 500 eeen
wadea wuhiuiiinsunrvesansiegiidadiulnetminuasns Uiesesnled Si3euoonled
uazlauaadaenledinaty wldiuiisumsuansneiy WovsuawewsTuslunlaveadeenlasly
asuszneveenleinauiiuTinaniindu dwmansenuldiuiiiasunzveeenleslavenayanas fall
fidndrulaeindnsznitwesnstivsseonles F13suoenles wazlaveadoenladmdudonas
20:80:0 ¥ovar 20:76:4 Sewax 20:72:8 Yowvaz 20:68:12 Sevay 20:64:16 FuARTuw 97.1
ATUATADNSTN 160.4 A19NATHDASY 132.9 ANTUATAHBNSTY 95.4 ANS19LRSADNSY wag 82.5

ATNLUATABNSTY AUAIFU @IUANSAI8199 6 Usznausigpalilaseanlaswazlauaanaanlan

1% '
< af o o

Jouaz 20:80  HNUNMITWWITanaumdBIed 32.9 ANSIRUATARNSY wazaTfeg1ai 7 dRs1dIu

o af

laveanesnlensasay 100 TRUARITUNILIAES 29.9 Ms1aunsaondy Fadudnsidruilinunig

dwnvdesiige auveresnsiiuiifiotes e1adunszlififiSeneonlednaney Favilvindeves

fussufiselivlwsafnnisiamasvewdslusaziinisien wienanlain Fiseueenlendieyinli



wiitlassainawedlansraueenlusdauefiosluszritenisieniiues (Varma wagane, 1991) 39nKa
nsmegeeu fivdmnalaveadeenlediidnsdiuiotas 4 uazfosas 8 Lansmsvnumusiegamgd
Iannnindpsdanuiug JeiliRuiifnsumsdaunn e 2 Sasdnliiuiiadunglndifesty
uenINAATIERHATINRLTRIT I ZUE mswﬂaaaﬁé’fﬂﬁﬁwmmgwwmﬁaéﬁa Faanensnedt 4.1
wiulid vwnegwguadsiianuduiudiuiuifssume asfetiifivunagnguadovuiaidnag
fiftufitasumazann lunsasefududiansiegradignuauialng fufifindmzasden uavan
nsveaesdanudt susunamesarsluslunlaveadeenledluasusznevesnlasduauiiuiun
ity dwansynulioungusuadsvesansetrafiudu il fdadulaedminsenitesaey
weseenlen Seueanleduaclaveaneenlediiuiosay 20:80:0 Sovay 20.72:8 Soway 20:68:12
Youay 20:64:16 Sovay 20:0:80 uazipras 0:0:100 fuuwagnguiade 13.7 wiluwes 14.1 uluwnas
9.4 uiluwns 142 wiluwes 462 wilueg waz 40.9 Wlumns muddu dmsuansiiogned
Usznauseneuiloieenles di3uusenluduaslavsareenlodiiuiesay 20:72:4 flvunagwyuede
Tugffiaede 356.2 wiluwms MneamsieTwiuiiTuevessusfAser Weudinavesmnsiy
slunlaveassenledlusenlvsuauivuafsiudmaliunagnuaisvesasiesnadivunalg
Y Tuavilstuiifinsineveseenleilanenavanas snciulunsdivesanssoned 2 fifusinaves
aeuieieanlesd Fi3suvonleduarlnuaareenleddudosay 20724 Tvuingwyuadelnafian us
ﬂé”uﬁﬁi'\ﬁuﬁc‘hﬁﬂmﬂmmaaﬂlsm“[,amwaumnﬁqﬂ avnealiaavuineynrvetlansesnlas
urazylaluansiiedns Fsfeslimsdinsgiiufuainiadeioiineidu wazanmIfnyives
Radwan  Waraniz(2004) 13esmansenuresuiunalaveaddeniuaiusalunisiseujisend
Cordierite (2MgO-2A,05-55I0,) 1ufsossy wIsufuseUfisemeisdunsnudu tngldu3um
Tausanfosay 5 fsdovay 20 Tnerwiln wuit daliuunamesdaveamvinliiuiiinvassids

UATeniudueie

4.1.2 wavasmylansvisunandnuaslasaiomnualivesiuseujizen

nsvnassludiuiifunsinvmansenuvesuTinunauiofeanles Sioueenled uay
laveadeanles ludussufisedevurandnuaslassasiananil lnadassudisengniaisuie
Fnsanaznausau unilgamgl 500 ssimads Wunan 5 9alus milautuia 7 dady 9

o =Y <2 a o 2/ dl‘ 4 L3 &
lviesevuandnuetralilaseaniad FiSousanled wazlausanoonies ABLASDABNTLIOAN

.29



wisAdu (X-ray Diffraction, XRD) Bruker AXS, Germany  Model D8 Advance WaAHaNTILATIE

“ZJU']G]NgﬂLLﬂﬂQﬁGEU 4.1-4.3 agamsnN 4.2

'f‘-. , ]
_________ SRS L N e s —~—— . o
A 2
Mv,«ul// W\«M\.}" N.J‘p\'\umw.a’/& P it A o, ]
> A
2 ] ) 3
2 «W«.w-ﬂ/ \‘MNM\MMM—M/\MMMW{‘ kwwww_w.w*uum
>
Eé Mwwj \\-‘wr‘” I SO0 N v MM’MMN»“WW
\ -\\ hy U
-M-MWJ \&MmMMWM‘/ M‘ R RN . sipobiin; P ST RN
JA b o, "
SN i desmdnist p Nl o At et S
tttffryrr'ryrrr'Yerrrryry;yYrEYYYYY}YYYYYYYYYCEOTOTYOYYYYYYYYJ]ITLTITIATYYYYTTLONLLTLY

20 30 40 50 60 70 80
2-Theta scale

U 4.1 5UuuY XRD vesissufiSeniiiviinmuaaunosoenlad fisueenluduarlaveareanled
Snsrdaiie 5 dndu Wieuiumumisiinnesguvesrsdasesnlen (CuO) (n) Cud/CeO, (20:80)
(1) CuO:Ce0,:C050,4 (20:76:4) (A) CuO:Ce0,:C050, (20:72:8) (1) CuO:Ce0,:C050, (20:68:12) (1)
Cu0:Ce0,:Co30,4 (20:64:16) (@) CuO 100%

NNTY 4.1 LLamwamﬁLﬂsnsﬁ&hLs'qﬂﬁﬁ%mﬁﬁﬂ%mmﬂamﬂa%aadﬁé Fisuueanlynuas
Tausaseonled Shstdiuis 5 dndin TasunuuuIuoy uassuy 2-Theta LATUALUWLIRG UARIA
auduvesdyaamin XRD (intensity) #isumiswanfindiun 2-Theta Wiy 32.5, 35.6, 38.9,
583, 65.8, 68.1, 72.4 uay 824 Fudufimnasgruvesansusenauneuiedeenlys fillsuuuy
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Abstract

This work studied CuOQ/Ce0,-Co;0, with wt% Ce:Co ratio 95:5 for selective CO oxidation with effect of wt%
Cu loading .The catalysts were prepared by co-precipitation. Characterizations of catalysts were carried out by XRD
and BET techniques. The results showed a good dispersion of CuO for 5 wt% Cu loading catalysts and showed high
specific surface area of catalyst. For selective CO oxidation, both 5CuQ and 30CuO catalysts could remove completely
CO in the presence of excess hydrogen at 423 K and 20CuO could eliminate CO completely at 443 K. Moreover,
considering the selectivity to CO oxidation, the 5CuQ catalyst has shown the highest selectivity of 85% while the

30CuO catalyst obtains the selectivity of 65% at the reaction temperature of 423 K.

Keywords: Selective CO oxidation; CuO/CeO, —C0304; Cu loading; Ce:Co ratio; co-precipitation

1. Introduction

Proton-exchange membrane —fuel cell (PEMFC) has
interest with automotive and residential application
because of low operating temperature, high power density
and rapid start up. Hydrogen is a ideal fuel for PEMFC. In
many practical cases hydrogen can be produced by steam
reforming, following by water gas shift reaction [1]. The
presence of 1vol%CO in hydrogen steam gas poisons to
Pt-anode of PEMFC [2]. Among the different methods
for removal CO, selective CO oxidation reaction is the
preferred methods because this method used oxygen for
CO oxidation and high efficiency for remove CO [3]. An
efficiency of catalyst for reaction must be active and
selective to avoid parallel H, oxidation.

In the recent year, the CuO-CeQ, catalyst has been
proposed as a promising catalyst due to its low cost and
high catalytic performance when compared with gold or
platinum catalysts [4,5]. The cobalt-based catalyst has
been reported shown good activity, selectivity at low
temperature and H,O resistance [6]. A large number of
studies catalyst preparations, the co-precipitation method
are the preferred method to high specific surface area of
catalyst and high activity for CO oxidation [7].

Copyright © 2013 SciRes.

In this study, The CuO-CeO, catalysts promoted with
Co;04 were prepared by co-precipitation with different
wt% Cu loading and define wt% Ce:Co ratio 95:5. The
characterizations of catalyst were carried out by BET and
XRD techniques, in order to correlate catalyst properties
to catalytic performance. The petformances of catalysts
were tested by selective CO oxidation.

2. Experimental

2.1. Catalysts preparation

The catalysts CuO/Ce0,-Co30,4 with wt%Ce/Co ratio
of 95:5 were prepared by co-precipitation. Aqueous
solutions of Cu(NO;),.3H,0 ,Ce(NO;);.6H,O and
Co(NQ;),.6H,0 were mixed. Aqueous Na;Os 0.1 M used
as a precipitating agent was added drop-wise until a pH of
9 was attained. The resulting precipitate was aged at room
temperature for 2 h, then filtered, washed several times
with deionize water and dried at 110 °C overnight. The
obtained samples were calcined at 500 °C for 5 h. The
prepared catalysts were denoted as XCuO. The X shows
the wt% Cu loading
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2.2. Catalyst characterization

All catalyst powders were characterized for their
surface area, average pore diameter and average crystal-
lite sizes. Specific surface area (Sger) of catalysts was
determined with adsorption-desorption isotherms of N,
at 77 K using Autosorption-1C from Quantachrome.
Prior to N,-physical adsorption measurement, catalysts
were degassed under N, gas purged at 473 K for 12
h. The adsorption isotherms were tested at 10-5< <1.0.
Using the nitrogen adsorption isotherm, BET equation
was used for calculation of specific surface area
using values between 0.05 and 0.30. X-ray diffraction
measurement was made using a Bruker AXS model D 8
Discover equipped with a Cu Ko radiation (40 kV, 40
mA) with a nickel filter. Diffraction intensity was
measured in the 2 theta ranges between 20° and 80°, with
a step of 0.02° for 8 s per point. The mean crystallite
sizes of oxides were determined from the X-ray line
broadening measurements, using the Scherrer equation

2.3. Catalytic performance

The selective CO oxidation in the H,-rich gasses was
carried out in a quartz reactor inserted in a vertical
furnace. The reaction mixture consisted of 1% CO, 1% O,
and 50% H, (volume fraction) with He as a balance gas.
The flow rate of gas mixture was 40 ml-min™’, equivalent
to space velocity 75,000 ml-gcat'h™. The catalyst bed
temperature was measured by means of a thermocouple
inserted in the furnace. Product and reactant analyses
were conducted by a GC-3600CX gas chromatograph.
The molecular sieve was used to separate CO, O, and
CO,. Water was trapped before the gases entering the GC.

The CO conversion and selectivity for CO oxidation
were calculated from the concentration of CO and O, at
inlet and outlet of the reactor as shown in equation (1) and

).

COtmter — COpunier
Co‘out.le't

CO conversion = x 10094 {1y

coin]et - Commet

2 X (O?-in.let - Ozaut]e:)

selectivity = x 100% (2)
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Figure 1. XRD patterns of the catalysts (A) SCuO; (B)
10CuQ; (C) 20Cu0Q; (D) 30Cu0O; (E) 40Cu0.

3. Results and discussion
3.1. Catalyst characterization

The powder X-ray diffraction was applied to
investigate the structure of the CuO/Ce0,-Co;0,
catalysts. Fig. 1 shows the XRD patterns of the sample.
All samples shown the presence of CeO; in the fluorite-
type cubic crystal structure, with the diffraction peak at
20 of 28.55°, 33.08°, 47.48°, 56.34° and 76.70°. Strong
two diffraction peaks of CuO are exhibited the high
crystalline structure of monoclinic tenorite-phase CuO in
the 20Cu0, 30CuO and 40CuO at 20=35.46° and 38.73°.
For 10CuQ, the diffraction peaks of CuO are weak in the
XRD patterns, suggesting that CuO is highly dispersed on
the fluorite CeO, support. Accordingly, no CuO peaks are
observed for SCuO, probably due to very low metal
loading and its high dispersion [8]. For diffraction peaks
of Co;04 in all samples not recognize due to very low of
Co;04 promoted to catalysts. The average crystalline sizes
of catalyst were calculated by Scherer’s equation. The
average size of CeO; are about 7-10 nm and CuO are
more than 10 nm (Table 1.)

The isotherm of the catalysts at different wt% CU
loading reveals a typical type 1V sorption behavior,
representing the predominant mesoporous structure
characteristic as shown in Figure 2.
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Figure 2. Isoterms of the catalysts (A) SCuQ; (B) 10CuO;
(C) 20CuQ; (D) 30CuO; (E) 40Cu0.

The volume of N, adsorbed on the catalyst surface
decreases with increasing CuO up to 40 wt%, which
indicates that coverage of CuO decreases the specific
surface area of the sample [9].The Sger of CuO/CeQ, —
Co;04 catalysts were calculated by Brunauer Emmett-
Teller (BET) method using data from N, adsorption-
desorption isotherm with in between 0.05-0.35 and the
results are reported in Table 1.

High surface area is usually helpful to enhance
catalytic activity due to more surface active centers
exposed to reactants. The sample prepared by co-
precipitation exhibits the highest specific surface area all
the samples. The 30CuO catalyst with the highest BET
surface area displays the best CO PROX performance,
indicating that the BET surface area is possibly one of the
important influencing factors on the catalytic performance
of CuO/Ce0,-Co;0,4 catalysts. Generally, high BET
surface area is favorable to the dispersion of Cu species,
enhancing the interaction between ceria and Cu species.
[10]

3.2. Catalytic performance

" The catalytic performance of the catalysts was
accomplished in the CO-PROX reaction by using a
synthetic gas (1% CO, 1% O,, 50% H,, He balance). Fig.
3, obviously indicates that the catalyst presents higher
catalytic activity at lower temperature in the presence of
excess hydrogen. The CO conversions of catalysts are the
function of temperature. CO conversion increases with an
increase in reaction temperature and further increasing in
reaction temperature decreases CO conversions. The
maximum CQ conversion for 5CuQ is 100.0% at the
reaction temperature in the range between 423-443 K,
10%CuQ is 98.1 at 463 K, 20CuO is 100.0% at 443 K,
30CuO is 100% at the reaction temperature in the range
between 423-443 K and 40CuO is 98.5% at 463 K. At
the increase temperature, CO conversion decreases. This
may be due to high competition between H, oxidation and
CO oxidation or reverse water gas shift reaction [11].

The selectivity can be seen in Fig. 4, the selectivity
for CO oxidation is 100% over the catalysts at reaction
temperature lower than 403 K for 5CuO, 20CuO and
30Cu0 and lower than 423 K for 10CuO and 40CuO. It
means that H, oxidation does not happen ‘until this
temperature. At the increase temperature the selectivity
tends to decrease, indicating that the H, oxidation occurs
over the catalysts. It can be suggested that the adsorption
and catalytic take place at low temperature. When the
temperature increases H, molecules can be adsorbed and
reaction [8]. [n addition, a decrease in the amount of CeO,
in catalyst may result in a decrease in selectivity at high
temperature due to the reduction of oxygen storage [12].
The selectivity of catalysts at the max CO conversion is
85% for 5CuQ, 50% for 10CuO, 70% for 20CuO ,65%
for 30CuO and 52% for 40CuQ catalysts.

Table 1. The properties of CuQ/CeQ,-Co;0, catalysts.

Crystalline size SBET dooce
Catalysts | deug (m) | decon () [ door (i) | (me™) | (nm) Phase detected
5CuO - 7.9 - 105.4 6.9 | CeO,/Cubic
10CuO - 9.5 - 73.3 8.4 Ce(Q,/Cubic
20Cu0O 14.7 7.9 - 121.2 8.7 CuO/monoclinic, CeQ,/Cubic
30Cu0O 13.7 7.1 - 136.5 8.8 CuO/monoclinic, CeO,/Cubic
40CuO 23.5 10.2 - 31.3 21.0 | CuO/momoclinic,CeO,/Cubic

Copyright ©__2013 SciRes. ACES
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Figure 3.The CO conversion of catalysts as a function
of temperature.

Figure 4.The selectivity of catalysts as a function of
temperature.

It can also be concluded that, the wt% Cu loading has
an effect on selective CO oxidation. Adding more CuO
increases activity and CO removal at low temperature.
For CO oxidation, the catalysts activity in presence of
excess hydrogen is as follows, 30CuQ >20CuO >40CuQ
>10CuO. In contrast, when comparing the selectivity at
the maximum CO conversion, the activity of catalyst is as
follows; 20Cu0>30Cu0>40CuO>10CuO.

The 5CuO catalyst show the highest activity with
100% CO conversion and 85% selectivity for removal CO
in Hp-rich gas. A good dispersion of CuQ in catalyst made
to easily adsorb CO and activity with O, rapidly.
Including the appropriate amount of cobalt oxide to
promote efficient catalysis of CuO and high specific
surface area.

4. Conclusion

The CuO/CeD,-Co;0, catalysts were prepared by
co-precipitation method and characterized by the XRD
and BET techniques. XRD measurements show that the
catalysts are composed of monoclinic CuO and cubic
fluorite CeO2. BET shows the large surface area and
small average pore size diameter. The performance of
catalyst suggest the 5CuO shows the best activity at low
temperature and shows high selective CO oxidation when
the CO conversion reach to 100%. The performance of
catalysts verifies that complete in the CO-PROX system

Copyright © 2013 SciRes.
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