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A study of preparation conditions of bimetallic oxides
(Copper and Ferric) affecting to their physical properties and

catalytic activity to CO oxidation reaction
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Abstract

The poisoning of CO contaminating in hydrogen is a major problem affecting
the performance of PEM fuel cell. Removal of trace amount of CO can be
achieved by selective CO oxidation reaction or preferential CO oxidation reactions.
This process requires catalysts selectively active to CO oxidation. In this work,
CuO supported over Fe,O3 was investigated the catalytic activities to CO oxidation.
The parameter studied was the amount of CuO in the catalysts. The catalysts
were prepared by co-precipitation method. All catalysts were characterized for
their specific surface area, average pore diameter, crystalline structure and average
crystallite sizes by BET and XRD techniques. Adsorption isotherms indicated that
all catalysts have mesoporous structure (Isotherm type IV). With low loading of
CuO (<20%), there was no CuO peak observed from XRD patterns. It implied that
CuO was well dispersed on the support. From Tg (Defined as the temperature
that 90% of CO in the gas stream converted to CO,), the optimal content of CuO
in the catalysts would be 10%CuO/Fe,O5 which showed the best catalytic activity
to CO oxidation reaction. In the presence of excess H, in the gas feed, the catalyst

was preferably active to H, oxidation reaction at reaction temperature above

170°C.

Keywords: CuO/Fe,O5 catalyst, CO oxidation, Copper oxide, Ferric oxide, CO

poisoning
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:’)) uY P e | 1 2 . ° -9 1 | y
e &8 1 Hydrogen lons | 1
] | ] - 90 [ 1
- Ed E 3 2 I 1 5
& o * B2 . Qe
b % i 1 ! ] 1 « o
e T BEYsd | L
(— - - - - —
Excess hydrogen Water

Anode Electrolyte Cathode

AN 2-4 LwaaiBNAIUUNIANDENSA

5. waddemduuindeniusiuavasiivad (Molten Carbonate Fuel Cells: MCFC) 1u
wadiBomdsfignitmuniievlldfudufiusasfesssumnidmiulsdlii - Tnowaddomdeind
yhauigamgiigilszana 650 esrmwadva Fslidudufazdeddfusafitofifiaaunaiioss
nswandvedlalasiau wiwadidemdwinildansdidninsladiiumsianioudnhliongnis
yhamesmadidemdduasruluiimainuiigungiigiasdinisdonvessaddomdaity
e Jawadidomdsuuundenivaisvaoumaildindedisednumadouaivounriediseu
lofeuesuaiavaenazateduaisdidnlaslad Felvirnudeuaugamgiivssana 650
pameadea indemdriaznaouarasduaivenleseudilvanniiuainalusdaueluaiios
fulelosiuduaiveulaoonles ¥ uasBidnaseu dedidnmseursiedousuludnasiaiiuae

nauludatiauiiasiunuaandauwarasuaulnoanlunionanansusiunloaauiiuay

Y

Ugisemtwelun:  COs% +Hy, —— COy + HO + 2e-
Uisentalng:  CO, + 1/20; + 2e- —»CO5”

a

UnseNTIu: Hy + 1/20; + CO; ——H,0 + CO;,



Electron Flow /\>
Syngas {8} Oxygen
(hydrogen & carbon monoxide) 3 Carbon dioxide
_) ry - - - -
_f  § | | | 11
e J@ c.ar il WG < A B e g
- ": : Carbonate lons : : :0' e
s BAe O
A L] o 1
» o, B L 4 T e——
—-—1;_' e * g > %
i Excess
c""%°3;’,'§,’" de Anode Electrolyte Cathode carbon dioxide
& oxygen

AN 2-5 LWARL DAL UUNADANSUBUAVADULAD

6. wadWamdsuuusenluduouda (Solid Oxide Fuel Cells: SOFC) Lsaaa‘lf'?'iyal,wﬁwﬁmﬁi%’
LseﬁmmawuaLaﬂimﬂamLLauﬂmmumammmmUsumm 1000 perLwaLTyd semmimmumammmm
mlmnLﬂummmmwmgmmmmwmLLWQLwaLiQﬂﬁiLLMﬂmamaQIaimiLau LLaumsUsUquaLwaﬂ
ﬁ’]iﬂ’]iﬂ‘ﬂ’ﬂﬂﬂ’]EJIUL‘?I@@%WI’]IM&’]&J’WE]Ui"’EJﬂGﬂ‘UﬂUL‘U@Lwaﬂiﬂﬁmﬂ‘ﬁa’]ﬂ win sl ivadidenasd
ammﬂumsmmuaqmLﬂumaﬂuamuﬂum'}mauLwa{]amumsawLaamﬂmauua YIUNTIURD
Mool uamnﬂumsm"n,maﬂmmaﬂmﬂwmamﬂmmﬂuaqLsdaamal,waqamm TAgnannISVNaIu
GumLezjaaLsual,wawuﬂuaaﬂ%wwmLLﬂI‘wmusmmmJaLaﬂmaumuaaﬂqjl,am”l,aaaumaaumumaﬂ
Tnsladlusuiulelnsauiitauelunldiduiuasdidnnsey  Ss8idnnseuszirdouludinasiniiuas
ndulufuelnasuiueendiauiienaneondoulesouiiviu dsanunsoldnuannissad

UfAsefidauelun:  2H, + 200 —» 2H,0 + de-

UAseniidauelng: O, + de- —»  20”
Unsensiu: 2H, + O, — 2H;0

P
Electron Flow | '/

Syngas
(hydrogen & carbon monoxide)

; T ] 1
Do 2@ gt 1 » € dh . of
- R 3 I Oxygenlons 1 1
‘hl 1 ] 1
1 1 1 X

o iih € ¥ o

@ .. % -5 1 . P ® %
1 I 1

1
1
!

Carbon dioxide & wate Excess o
=iy -+ Anode Electrolyte Cathode ekl

AN 2-6 LaALBNAIUUDaN RUa Il
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2.2 msuanlalasiau

frlalasauannsanuldvinluluguansuszneu 19u i ‘vﬁamsﬂs“ﬂaulaimmﬁfuauﬁmﬂ
LLMﬂ’]i‘VIﬁ]uiJ’]ﬂ’]GZﬂ@I@iLﬁ]ulﬂhjﬂUL‘UaaL%@Lwaﬂ‘uumL‘LJ‘L!G]@W]ﬂ‘vmﬁﬂ,USﬂﬂ’]“lﬁléﬂ@iﬁ]uUia%ﬁ FINT
mammsdlaiml,aummﬁamamiwmmﬁ muaaﬂwumaamimm mﬂsumumimammszi"LaImmuLm
aznszuuMsiineasdendsil

1. Electrolysis process Junszurunsnanmelalasaulaeriunszualniadluluiuite
wentheenduinglelasaunazingeendiay Tnenszualalihiilddmsunsuenirannsaldann
wasnllalidmnaie lidezdulnihanuamdsnunyulsuniendsuiundes

Cathode Anode
- +
Hydrogen Oxygen
e e
[N o

e £ ® (]

N 3 o
Hydrogen (] g o o
Bubbles @ o Oxygen

@ Bubbles
@ o]
] e ©
O
Electrolyte Solution

Standard Electrolysis

AN 2-7 KENAIIVINUVN Electrolysis process

2. Photolytic process nszurunsiifunisuanlslasiaulaenmsldndsnuuasefingdiiensn
undulslasauuazesndiau Hn3lHLAIUAALAZ NTTUIUNINNTININUBIE NI UITaALADILAY
aa T 9y & a o a .
wuarisslunsuenul Wulslasiauuazeondiau usnanildadinszuiunis Photoelectrochemical
process (Hunsyurumsiiiiaiinwdeniimeuas lnelduaoiinduanieonduiwlalnsiaunas

eoanLau

3. Thermo-chemical process (Hunszuiunisuanlalasiaulagldniuiounanil Iae
Tmgaunanfildlunszuiuiifeasusznoulalasasueu 1wy Aesssu@ a1wiu Faua [Dudu &
nmswanlglasiaulaenszuiunmanieaniowad o aszuaunsiwesulsmeleun  (Steam

. & aa ) - . < v v & P ¢ a v H
reforming) NI¥UIUNSUAAGTHIATY (Gasification) ludu Tulagtuiinszuiunsinesuilaglein
nfngsssud  Wunseuiunisildegiamsangludandyd  Wiesnndunseuiunisiigniian
wazlviinelalasiauluusunamuin

mNNNSYaINsEUIUNSIesuiarenisdeulainigsyuuiveinufisenduanslalasansveu
Pogluanusing Wy Aesssuvd e uwasienuea Jusu lnglalasiuazgnisesnainle
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Ykavarsusenaulalasaisuen  d@ruesandlauimasanntikazasuauiwmasannlalasasuauay
sufudufrgasusuuauanlas  vsefwesuaulaeanles  Fadaduanleainnssuiunsiay
wananaiuluuviinvesansienu nemlundnnisveanssuiunisiaiunsaasuielannuauniseadl

Steam reforming: CiHm + nH, O —— (n + m/2)H, + nCO
Methanation: CO + 3H, <+«— CHq + HO
Water- gas shift: CO+HO <«— H,+CO

Hydrocarbon or alcohol fuels

Steam reforming

(SR)
Water gas shift (WGS)
CO+HO=CO+H,
\ 4
Carbo .’Caulyst
Hz deposition” deactivation
SR | DryReforming (Reverse Boudouard)
' B0+ G = H,+C0 CO, + G,y <2C0
H, +CO 2CO

AT 2-8 NszUUnITINasuTamglaun

2.3 msindnfinwansuaunauanlyn
Mnnszuunsraninglalasiaudenssuaumsinesufisgledn (Steam reforming) avld
fnalalasiaunasiwansueulaeanlydundandn wazdialulnsiay th wagfing
AsuouneuonledIundndusitnafes 9nfinanandsiuazdiuldinfeasusuueusnludiinasie
nsvhauresadidamdsivhauionmaididemineadomasdnlngasldunadivudusigs
Uiise1 Befennsueuueuenladfifntulandilusuiuunaditiludnvusmagadumaed il
Tuanavesfglelasauliansndlugaduuuiuiinvesunaituiieiantsunansald il
UsrAvBnmlumakdnnszuaihanasuenanideilfegmsldnuressadifomasduas fafuied
arusduiidiosfeenivouteuenlesiivsuueglufdlelasaudouiizdudgssuueadidomnas
PrsidnfemivouuouenludisiayisiseasBoadel
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1. msdenluiuuiusy (Purification with hydrogen selective membrane) Hudsmsi
ansoueninglelnsiausenanfanasliie Tindanules uailsagnislofeiiliduiinaies
Taoumusuuddld 3 via Ao wedwes lave waziwauswwdafiduasotunid Jensdonltiam
wivadlilalnsuiiiauanigs  winslumunniudossuiunameldanneddanusuuas
DEUNHig

2. m3liuARsIMaAaTiiu (CO methanation) hudniBuilsianunsovilfnelalasiaud
oglufanauiionuuianiinniu uenaniismsisaunsosidafneensuoulaeenledluszuulisn
#e Tnenalnnstdnfensueueuenlafidudsd

CO(g) + 3H, (99— CHq (g) + H2O (9) (1)
CO; (g) + 4H, (99 —» CHg (9) + 2H,0 (g) 2)

2@ vy a aaa A a X vy Y A a o A v =
Pnaunsazulainsiieufisedivuanansaiadulaiedegliifesdinsiiuiedudidssuy - 39
nsliufizeausaanaudnturesingasusuteusnlnanandusgiann  uaUfAzeInisiin
finudedldfinglalasnuduansawiu - Fuihligydsfielalasauludmunn  Feiliisnsily

d' o o 2/ 6V a £ o ] aaa e aaa & o 1
wngnasihulglumsviliielelasiauuians  wenaniduseufisemleludjisentilungy
Wit FallTaunanagyinunaugladneie

3. nslgufisennisidenifnufisenmsueusnleneendindu (selective CO oxidation) 1Ju

o

ado o & 4 cal vo a = o6y A a £ o
Brindafwansueuteuenleanlniuanuilen  lesnlifiielelasiauniauuianseadaeninig
godeielalasauiisnintey  laeinstesfufiweenaudigssuu  ielifaniswilnding

AsusuNauenlys  winsiwnigesndiaudssuy  dlemaninveendiauaziirluviugizendu
alalasiaunuaunis

CO + 1/202 E— COZ (3)
Hz + 1/202 E— Hzo (4)

AaludnsIlfisenldResaunsaieniinUfisenasusunauenlefeandiaty (aun1sn 3) leand
Uffsemsenlvdiinglalasiay @umsn 4 leedissfiseedinnuaiunsatuidaine
Asueutauanlyntngamaiinuatlviielalasiauninuusansgs

2.4 fL39UfA3eN

fussUfAzen Ao ansfivhlisnsnaiaufitengatu lneflasswjiteamnsondufugsy
Fuls Feussufisenanunsoutseentdiiu 2 Ysuavaudnuasresasteiunazansudnioe fe
fLssufAsenuueniusLazMsSUAToMuUTIsNUS  Tnensssufiseuvsesnilu 2 Ussuam
Ao

1. mMaseUfAsenuuenitus  (Homogeneous catalysis) n1aisaUfASeUssinnilsiigs
UffSeuazanssaiuarogluaniundenty shlianmsaiseufiedidomnisldig winisfazueni
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Y

SsUfRseenaInansisuLara Ik SasTiuilden  uenanifussiitenesdiengnisldaui
FunarnaihndualdlmivesiaussjAzondalddegs

2. MaSUFTEEUUUTIONUS (Heterogeneous catalysis) n1aiseUfAseUszaniifigs
UffSeuazanssasuasdaniuzanaty Tasluiiseiiseavedluanugoauds vilmusioni
Funarguvnd aunsokenanssaiLaraIEnSurlaY uenandduseUAsedaiiangnslden
Aumunidusauiisouuueniug uazmsthndumldonddudannsavldieg Sohliisafite
wuuTisiuslasuanullenluningnainssy
fseuiewuuiiswususznouseesdusenoundn 2 @ fe (1) dwdetha (Active site) v
mihilumsssufizeniessiAnufisoidesns (2) dwsesdu (Support) dwilvigiduianiil
fuifngadtefalfinnsnssneiiifvesansieds  uenanifusefitendsonaiininfuanslus
T (Promoten  @sdulngasinlutimanfiondntes  Tneasiusluniiiuasiiiavanedi
arwansnsalunsissuiiseuenaniennasdislunisnsraeivesansiadae

2.5 %"umaumﬂﬁﬂﬂg‘jﬁ%ﬂﬁﬁﬁﬁué
nalnvesnstemmnaansdwediufisevuiuiwesnsewiisend 7 suneu dil

1. mawnsnnaeuenvesanssasy Wunmslvannnssuavesanssailugimihdunonvaaiiss
UFA5e1 lutumeuildslifimsdsuuvamaed

2. maundvesasisiugniglugngy  dunsiefeuiivesansieiunniaviindiuuenyosiaigs
Uffseningmelusngu lufurouioafnmsmutuemwesduanaasisiuvdofinmsvuvedinana
maéﬂ%ﬁuﬁuwﬁwmgwquﬁaL'ﬁ'qﬂﬁﬁ%m

3. Msgaduy Lﬁumsaw%’umaqaﬂiﬁy’aé’uuuﬁuﬁwaaéhLﬁqﬂﬁﬁ%m BsazLdumaAeiusziaiiszming
Tuanavesansdaduivimthvesweadeifuise jise

4. Uﬁﬁ%mﬁﬁuﬁa Mé'amﬂmsaﬂ%’waﬂuLaqaaﬁéﬁaé}’uuuﬁuﬂaﬁaL'ﬁﬂﬂgjﬁ%m AR
\AaufAzeeiiiteiaduansudndoe

5. namedu HunsvaresnvesasrAnsausinavivesisw iRz mnnateduUiate g
%y’umauﬁﬂu%umaué’auﬂé’waqmiam%’u

6. NMsUNSVRsEASHARSTeaNIINAElUFNIUAILI U TN funouilarsndnsusiaziedouiisanain
elugnsuludaianthauuenvesdinswdizen

7. NTHNIVBIAINAAA N IINRAIMTIAUUBNVBIFNIIUH AT
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. Film diffusion

layer

Ql' a aaa aa o ¢
AN 2-9 ﬂaiﬂﬂ’]ilﬂ@ﬂﬁﬂiﬁnLL“U‘U'J'JﬁWL!ﬁ

2.6 nspadunazn1sA1edu (Adsorption and Desorption)

[ |

n3gatu (Adsorption) waznsmedu (Desorption) LlutumaundfyveanIssauisen

o
v & A

WUUIIsug nsaaduredlianarie o vuimiveslsuiseuuuTisiug Asnsiiniiussiadl
seinengedu (Adsorbent) Aumigngadu (Adsorbate) vusumaiusiud (Active site) Liloly
TuanawatuAnuatedeludufstfumainasussneudsfeuluiiss fiseneniug
nanfe Insideudredidnmseuszritsiigaduiusagngedu

nsmeduvedluanalusiiseufiteniionug Ae nsunneanveiussniiseninwaaduiu
sgngadusildldmumisuuinduiundsasmilousumsiAaujizennisuanss (Dissociation) Tu
nstlvesissufizeneniiug

2.7 ¥nvaINsQadu
nmsgatuvesineideeviefinuiilseufisendidnvariuiuimintan msgaduudseendu
2 Uswlan e nsgadunianientn (Physical adsorption) uagn1sgadunaAil  (Chemical

adsorption)

' v
v a v

1. magadunanen Wunsgeadunseusaslifiusziaiiinty wishgnsenitseznon
RvithAusigngadu Ao uswiueesnad (Van der Waals) fiAenufeunmisgadus 10y
nszvaunsmemuion  lifindsnudedududuarlifimaunniusy fedufsanansaiatulfegs
s luiuifiluanaiumanisivh  uinsdiidgeduiirnumgugednnmaisujiseavinag
iosngnirdnsednsuivesnsuns U%mmﬁuaqmi@m%’uLmuﬁuﬁmmﬂmﬁaﬂ naIne %uagjﬁ’u
uenvesfing uilitufuriavesiuiauassdinuesiine udsnsgaduiitamdlidutuden

2. magadumaadl Wunsgaduiiudauss WumaAeiussiediszrinsiigaduiusignge
FU msam%’umamﬁ%ua§JJ'ﬁwﬁmaqﬁ"mmmﬁmmﬁuﬂq wé’qms@m%uﬁ”wﬁﬁmﬁﬁlﬂu%y’mﬁm s
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D

[

MglinsgadumaaiidndaunatuazdedldnaunulasiameNoumniann  navesgumiideusun

Y 9 9 Y
(%
=

NanduNanIraunalzIuaLiuTtnvaIsEUY

Y 9 Y

b

2.8 NM3nTBUAILTIURATEN

fnseuiseriiduresudaingdsenausemsiadhfiansnsalfiten fsesdu uazenad
maduansiusim  idlesmnmaiendunisiswisevessusiufisedlveszsesendeiiuiag
TnesusaiiseniwielddesasavliAnu it iidesns uazisnsfivesufizeniiae
Wivaneiveniuneldfoulvvesgaumpiinazarmsuvagyinnsmaass Iagliufisethades (Side
reaction) \intutiesfiganielsiinas fifuisndusrebeiidoshliiisaiatodiuifmniia
wazilafiosnmsnniiandnde
nawIeusassUizensesmanneeneutiufeludnuilisaldsuauieundesanaunsowoy
e duszdnsnim wazdmnnldnatlunismivaisuiy asvilulauiunadusesufiserunauly
Mg %Gﬁ?ﬁﬂﬂﬁﬁ%ﬁl’lﬁLG]%‘EJ1151”3Eﬁ%ﬂWi(ﬂﬂ@”ﬂ@ui’mﬁﬁ]ﬂﬁﬁuﬁa?ﬁﬁLW’]S“(JEN(;I"JLi'Q‘Uﬁﬁ%EJ’]EN
W/WNIANAENOUIIN  AB mimmeiavm&mmmuﬂimausuaqmiwimilumLiQﬂgﬂﬁawumﬂm 1
vila uavansazaneiidulsznauvesansfiagliiudsosunandndodiu ndsaniuinsduans
rengneu (Precipitant) atll Tuuasamsanaznousimersveiifiesdiuntsznouresasidusise
UFAsennnin 2 wianiintuy Taglifidudsvneutesihsessulild wdmniildngneuudafiaeriins
819 BU G?Tugﬂ wagtisaly

2.9 M3ssiaanlavaInLsalizen

TumsAnwuAsfuiuseuiiten  mAerginuauifvesinussuiitenfuindudedfd
osueiadnunrnshevesusisen  luiidezuanimeasBeansiiengiiuinn ese
lassaiandn anvagnanMenmesiiLssfiseiaresrusynauvesianay

1. meeseiiuiissmnswassuneessnsuiemadadsi - (BrunauerEmmett-Teller
Method, BET)

Humadaillflunsiesediiuiie sungngu mInszatefvesgnguasnsinugui
voegngy  lagendevdnmisgaduszrinsvesudstuiussfiomasinglulasiouniofeviindudil
Tuianasunidn wu erdneu usgady Tnensgeduresiglulpsinuuuiuisvendasintu
Tutaausnlagaziinmnudiuaunsyiisfageninisuasuudaslusiumis B @unsmegstu uansiienis
prduvuiiuiuuuiuien  ussilerrudugesvesiiglulnsaufisduruiugadifunisgaduuuy
Fudien asianzemuwiuredlulnsauralugnguhliufinasnsgeaduiituegimng:
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Volumn adsorbed {mlfe catalvsts)
[w=]

0.0 P/Po 1.0

AN 2-10 ﬂ?i’mﬂ/\lu%&l'ﬂ@ﬁlE]’]ﬂEmﬁﬂﬂ’]i@JW’UUGUENﬂ']sZI

aun1shansANUduTusveIUSInTgnaaduinUiugoese 9 wasUTinsgnaaduwa?
inn1sgadukuutuGe] Ao auniseelan

P 1 [c—1 P
V(P,—P) V,C @ Lv,ClP, 5)

Wa P AB AUAUYDE

Po fio Anuuleduivesielulasiau a aumgindnwm

V Ao USunsiignaaduiiiaiueii P

2 A ~ o A o va & S o

Vo A0 YSunsiignaadunviliiinidunisunmaudiniien

C Ao AAsgangIesiudulsEavsvensmvLLL MsduaiieularAIAINsauYaINITAn

Fulugui 1 (E;) swdsrnnuseuveinsgaduiawatun 2 (£,) JulU Jagnileul il

c= Coe(E1—Ez)/RT ©)

ntuhdeyaannmeaesian P/Py og5e1ine 0.05-0.30 W MEeANTIMANENN1SN (5)
P P

Toofmunld VPP aeluuyaunuds waz P
c-1 1

VinC VinC

o gglunwiunuueu wlansdunseniianudu

(S) WinAu wazanadnLnufeRIN () 7 AN 2-11
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Slope=(C-1)/v.C

\

Intercept=1/V .C

P/ (Po-P)

P/Po

amil 2-11 nsndesnsifluguidunsivesaunis BET ®adlA1 P/Py 0gzning 0.05-0.30 el
AIAMIAINITUNAGUIUUTURYT (Vi)

INNFMNAWITAAIUIUAT Vy, IHINAIAFALNLAIRINUAIIINUUAIINIAT V,, N8N

STP wazwdsudsunsvesansigngaduluidudnnuluanafignaadulaen1sms Vi, me V=22,400

3 v ) v < o & da @

cm”/mol kagAunI8A1 Avogadro’s number (No) 281415 INONENTOMATNUNRIVDIRISS

Ufzenls Snduseamsiuaiunivemiduanavesfinaignaieas (Project Area) Fulounnusiig O
waziivthenundenilamheluana

& oda I ¥ 1 aaa ° vo &
TNUNHIVIMUATRIRILTIUATEN (S anansaduiamlacail

- e
o bviiw (7)
We N A Avogadro’s number @aiiAyINAY 6.02 x 10%* molecules/mole
W A9 UvInve990g199 b LN SUINUAR

UUDBLURS laundLasinaaes lilauedn O fie Wuivedluananaeasuuiuiluvuei
luanagndaiesly 2 4@ eglnddnduuin (Close Two-Dimensional Packing) Ainilagisilazilan
I Ao v a = (] & Ad & da
nnIidulannmMsausdliluanangneaduilugunsmnay  uagiiunfagaeuuinuiinay

dintos ngldlauen O Aswauns (8)

2/3
] (cm?/molecules)

o= 1-09[%



18

W M A Wwmtinluana (¢/mol) kag P Ae ANUVUIMILYBINMBIgNARAdU (/cm’) lngUni
AnuvukdudnagldmnunniurewesavaIuTansngamiinldlunismaaes Weunudr O adlu
auns (9) aglal

Sy = 4.35x 10* [VWm] (cm? /g catalysts)

[ '
a

Ingunfansnifignguildlunsiiesmginuiifouazsunagnguiiemedaddn  sxduiannds
WIUUWIA 2-50 Wluns (Mesopore) aildnwauglolgnounanifianini 2-12

desorption

c
=}
prar]
(=R
p
o
5]
=
m

P/Po

Ame 2-12 leluvesunisgaduuazmeduvesilonesa

2. mInAninnananuestagieinTednaisdAnunsadi (X-ray Diffraction, XRD)

HueFesdlelilunsiinreilasiaivosmeuuazluona  Tasordendnnisidenuuvesisd
Bnd  fledfedmnnsznuingviesunnasiinnisiinivuesdnfed  agvieusenumiymiusyuuyes
oymahfugmvesdfadnnnsevy BduIsAlEsumsiongann mszamnsouenvla sus
uazvuInLRAsYemanls Teanunsainvueadsvesnanlifsannis

5 KA
B(hkl) B4 cosB (10)
dl a = = dl = 1
LD B(hk]) A YUIRNANLREL NWUQ&UWIULN@?
K A® Scherer constant fANMIAU 0.9
A

2 A4 vag ¢
A AINUYNINAUINALDNY



19

By
0

flo anuninsiilanswmiesmnuaeeenduygyin mihadusdey

A The Bragg angle ihawluing

a

nnadadnaraunsadinliauananaievesiagnoglugie 3-50 urlumns

3. Myinzinuaniivesasiiendeganssaididnnseuluudeinsia (Scanning Electron
Microscopy, SEM)

Jundosdleniliiaszidnuasnianienm  anvasRanivesdussujiseilussdusznon

a ¢ I3 a A vy PRy a L aa =& o

wazaaIaATIEiRsAUsENoUsMIWBSInalame  amdlaanesestildunmw 3 Of G
A&e18De 10 WU NENN1TYIN9IUYY SEM 15UINBANATaUIINWAaIR I Tn AN ATIULUY
& a d o ' s & o a & =< o
Yudlanmsou (Electron gun) LA@DUNIULEUATINLEY (Condenser lens) L Uuadidnnsou @ean
dldnmsoulaziuaudlnding (Objective lens) Fsardianasaudnnsnasuuiiuivesturuiandu
didnnseunienll (Secondary electron) dsdtyayrailazgnivdeulidudyaaninuuasiunn

iwseledldruusznavegluvieanainia lneddiudsenaunan sl

1 o a a & = a ) Y @ )

1. wiasnufindianaseunvutudianaseu  (Electron gun) Ieevaluldiluunainiisanu
didnnseunldfediannsouninszidanduuazdidnasouniivgll (Secondary Electron)

2. ludsiunas (Condenser lens) yintnftasulvdianaseuiivunnwasAMULTUT UL S al
AUFIBYNY

3. YRAINENSUERINITIA (Scanning coil) vhuthidsAuliadidnaseundeufilunuIueu
WAZLNUAIUUTZUIUVDI 8 1T UAWA s LR LN

4. wudlnding (Objective lens) WuauddidnaseuivhliAnnmdudu  e1dedg
avu i wazauiuwivanusuilasunnueudaueInIw

5. Mmenaindidnnseu  (Detector)  Mwdsudygrudidnaseulmdudygralviinie
Fryaranm lngasivdyanunimusazynanuatedidnaseu Usingiuninuuae

Electron gun —
Electron beam
1]
First condensor lens - ﬁ
[ 1]
second condensor lens — ;
= —_—— ¥-ray detector
Deflection coils |1
; Objective lens
Backscatter _ L]
electron detector
Sample —]
Secondary
Vacuum pump electron detector

AT 2-13 UNUAIDIAUTENBUVDINABIRANTIAIANATOULUVARINTIA



20

4. MyATIzviesnUsznavtesianallauiasasinglasTnn s (Gas Chromatograph, GC)
a 6V < A A ae v a o [ aa wa a
wisaiglasuimnsmidunsasdiefldvatialasuninnsmdmsuie nansuauilnaaudii
<@ 6V 4 v a aAd & a 1 o aaa [ 1 a o v LY
ansadufingle Tneldwandounndufienlivinufisenduansuay wu Sdey asvimindus
WiansHay drwlaagiviionssnfuvesdamBevennarnussyegluneduy Wevisimiuazansnay
waeukuAeauull  wlaegiuiluneduiasfgasiisusaigaliihatinnudivesasivluanaly
answanvilviesduszneuluasraugnnluimednssnaneiu. askanasueneananiu weidalas
wmnsmkuuigldlunisiesginsauninsasUsunaduvalesy Wy Neiiwe s g1 g9
wuae dhsureusyine manswnng Ulnsiden waznsdawindes Wudu
'3 v Ao w a 1 [ 1 &
D9AUTZNIUNANTIAIARUDILATEY GC @nunsauuseanilu 3 @i Ao
a ¢ . a | N o | a v oA A I3
1. BulaAwas (njector) Ae diuiansuauiiegvazgnandndinsosile uazssmenangidule
Aeulazidngreduy gaumginmuizauvasduanmesasilugumngiingmen sevilidiegessme
1o wanesldviliansaatesa wwu Split, Splitless injector wag On -column injector Hudu
2. Tovu (Oven) fio  dwilddmiuussneduuavdiunaiunugamgilvesnadutili
Wasulupuanumungauiuisnisidesmsieeiansuay  nMsnivaugamgivedlonuiud 2
wuu Ae lolawesuea (sothermal) avldaamaiifeinasnnisnnass waswuulusunsuaamnd
(Temperature Program) aganunsaideugamilsenintamsinsien dnasieuldivansnauiniigag
IAeAne vibilasuilvinsy (chromatogram) #iladifialudnuairdaau lindne uagdagisaniian
Tun1siasgn
3. fmnawes (Detector) fie diuilddmivinesdusznounilegluasiiogne uaginey
US1nauasmegne 3aauaniniavensnsivinduegivsinveswinawmes vinvessimamesnldiu
winsialasininsnsmtuiognateUssinvidu Flame  lonization Detector (FID), Thermal
Conductivity Detector (TCD), Nitrogen Phosphorus Detector (NPD), Flame Photometric
Detector (FPD) wag Electron Capture Detector (ECD) 1Uusiu

DIAGRAM OF A GAS CHROMATOGRAPH
Flow controller Injector port
{; Z} Recorder
Golumn Detector
Calupam Guen
Carriergas

A 2-14 druusenauiiuguves GC
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2.10 msmaaumwmmiﬂumimﬂgﬂim (Activity Test)
Hunsinmaisuuasautfvesasiannionuasnaediiatusugamgdi
Waguudadly savisdnsinsivavesiemanfivudeunuadlumuiisinug muﬂimawamiaaﬁaﬁ
wilfneiidesnsinu  de  Awlelanau  Aween@iau  Aeandueulaeenled  uasfine
asuaumauanled lnefmimdriandensiefmidos nslnavesfneazgnauaufeiriosniugy
nslyaneuinginiesfnsaideussgiausaujiten fnntafrazdueiosianisihanuieu
(TCD) viafuuuy FID AldTusgfutssnvmeduanavesansiidoanmsiinnest Feayintimames
Frefifntundimainujisen  wedldde  nswvesiinafetugungivionan  TneUffsend
ABINITNAFBUAD Uffsemsuounauenladeandindu wazUAsensideniinuizen

AsUBLNaUBN RN BAT

Uffsenmsusuneuenlareandady  Hudfisemiludineesveuneusnlenlagldine
pondiau Inefwanuouneusnluduazfueendiaugnideanssefmies aunsnfuindesaznis
Wasuwasfeaiueusauenles (CO conversion) l#sil

Coin_coout X 100

in (11)

CO conversion(%) =

UffsemsideniinUfisenmsusunsuenlenesndiadu (Selective CO oxidation) 10u
UfRzenfinadeuaaiedhveswissufiselunmsmnivdfeasueuseuenlodluanngdsd A
lalasiauunniiume Tnensmeaeuluduiasfinsanuiseiifiniu 2 Ugnsen
e UfAseAsuauuauanlenaandndu (CO+1/20, —» CO,) wazufisenniswnintiinelalasiau
(Hy+1/20, — H,0) @wnsafmuwiumaAIsegasnisiaaninuiisennsusussuenleneandinty
(Sco) Imuaumsseluil

O-S(Coin_coout)

0 —
Sco (%) = 22=2m==2e) ¢ 100
2in™ Yzout (12)
Tne

COin A9 ANULTUTUVRIATASUBULaUDN LR luaNet LS U Y
CO - v v o s A a ¢

out Ap ANULTNTUYBIingATsUBLNOURN YR lun e aNLATBIUN IOl
O2in A9 ANULIUTUVBINTRBNT AUl UE I UoULSUAY
O20ut Aa ANUTNTUYBIingeandlaulunitenAsasUn Tl

2.11 yATeiiieados

Amini wazAny (2013) Anwinansznuvesralilesoanlansefissfiselaveeonlennay
roUeseanlen wasneenlad (CuFe,0.) dmiunageulfiteiasusuneuanledeendindu lag
wispuFLssUfiSedeisleann (solgel) wuhmaifuratileiesnludamumoinoonlusdmaris
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sonnaTRLazANAINTIYeIITUiTE Inefusefitoelouldivunandnegluiae 10-25
wluans  Senqunadnuasiiiuiimsunggy Sunsuvesiuseufitoeglussdualy  (meso
porous) dwsumsissufisendunuilaveeenleiuauanunsaswjizeldfniumineenleduians
Taiussufizoiinsifuaeuesesnladiesar 15 Tngluaanunsaidnfneaueuseuenledls
ogsanyIaifigamall 190 asrnivaidys

Biabani-Ravandi wazmndy (2013) AnwiAnuausavesiissujisendaies wesneanlys
(Ag/Fe,05) dmsuuisenmsuausouenlareandndy Laewseumisefizenneiadumsniutu
wuFis At iedouldfindndanedvuadnuasiinisnszanemififvesdanesuumein
oonled wardiufiindimegs ﬁm%’umsmﬂﬁﬁ%mwudﬁaLﬁaﬂﬁﬁ%mﬁﬁmilﬁu%ana%%faaaz 15
Tngtmiin mmamiwgﬂim%wammm 325 eamwalded  FuAnaINusINTINTEni@aiies
wazina3noanlyn uananivhnismegeuauansalunsssUfAseTuan e Ay
ansusulasenleiuaziiluszuy WUz Ssnaseufzenlafluanngidie
msveulnoenledlusyuulnefdnfiwansueunousnlesauysaiigumgll 350 esrwaidoa wsilile
Faisuagfranivaulasenlsdaduszuy doddanmniaeis 425 ssmeadaisazannntida
ingArsusuneuenlenliogsauysel Sothusalfiseluneaeuiafiosnmluanineiififing
ansualnoenleduaziilussuuiigamnll 350 esmuaifea nuidswiRSodiedesningdlae
adeAmsmdafenuouseusnludifivsiesay 10 MnAGusuilonaiuly 50 Halug

Cao wazAmz (2008) AnwiAnuaiunsavesissufiseinelivesoanles we3neanlen
(CUO-Fe,05) Inensusalsau)iseneds surfactant-assisted method of nanoparticle assembly
wazwFsUisemeaamgll 300 esrwal@ea  dwsunadeudisennisueuneuenlys
sondiatulas@nuinanszvuvesTinunetiedeenled  wuindiseiisowseuldisnsuegly
sedfuiaile (mesoporous) wardiftufiiadmegahliansaswifseldd Taeiisawjiseiiiieey
WesSovay 15 neluaannsassufiselddntidiseufasendu venmnidethduswiisemu
fnseuiseliiansdesanwluriviimvesey Teedunaandrfesaznsidisundasiing
msusuNouenledainaennINAaDs

Dong uwazAuy (2006) Anwian1izlunswssudusalfisenneules d5en waslatloy
(CUO-Ce0,-Zr0) InglaRn¥INanIzNUUBIITNITHITEUAIIIUNATET NANTENUVBY a15NDNNDULAS
HANTENUVRIRUNILUNITINN FaageuaLaITaveIR IS e e UGN
m%uauuauaﬂlsuﬁaaﬂ%l,ﬂ%’umsﬂéfamavﬁﬁf'w"wszilaiml,aummﬁuwa Tnen3uaIsU]ize1neds
lwataa (sol-gel) mﬂmvﬂauifm (co-precipitation) SumsnututuneuRen (one- step impregnation)
Bumsniutusuvaestusey  (two-step  impregnation) wummLiwgﬂimmmaummﬁmi
nngnaulimmsidaimeniueuteuenladiesay 99 Avasgamgiintauazlidnsiden
AeURsegenihnseteudussfisedeitnmnazneusiy  laswdsuansongnouan
lofguansuaiun (Na,COs) Wunelufoulansenles (NHOH) wonlulleumsuaiun (NHE),COs)
waglapeslansanlei(NaOH) wuhdussufiseililadeaueundsadiiriosaznis
Wasuwlasfnemsususeuenleduazamadeniiauiisengininduse fitefedouseansne
pgnoudu  antuhmsinwinanssuvesgamgiluninsdussjizenlaeldgamgd 400, 500,
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600 uay 700 asmgailsa nuihdisuiAteiivieuseinmnagneuulagldlafouamiveiun
Juansnenzneuwazinfiiseuiseiie gyl 500  esrnwaEa  anunsafdaig
mfuouneuonledlafitisenmgiinalasfiddliirnsideniinufizegsdnse FaAnanms
nszaremififvesnetilofuarnmaiindunsiten (interaction) neluvesiaisafizen

Sirichaiprasert wazmndy (2007) Anwinisismasneantes (O-Fe,05) vusssufizenlane
sonlwsnaupalilas ey (CuO-CeO,  dmsunaaauaiuiadhlunisdeninulise
mfusuneuenledeendiniuluanzifiielalasiouinniiune  anmnnzinuaiiivesiass
Ugﬂsmwmmsi’mmﬂmm%lﬁamaaﬂlﬁﬂLLauLWaiﬂaaﬂl%jmwﬂwwwmmwumaqmLiwgﬂsm
infunagnuivinadnas Insfineuiesoonlud Si5eusenluduazineinoonludiinisnszaresi
A mmumimaawgmmwummLiaﬂgﬂimwumimmw\laiﬂaaﬂlwmmmLiqﬂgﬂiml@mm']
fusiisendlifninfusesneenled  uenanifludnuviranszuvesnmsiiureuiesesnledly
USinaiiinniiuneasvinliruaninsalumasswiiteanasiomnasinnissuiiiuresnsy
Woseenleduugaiuiiud  dwiiumamaseumiuanansalunissejiseluanneifihuasfie
msveulaeenlasluszuy  wudnhuazfeansuedlaeenleddmarenisissiisentuedrannlog
Tiensfidafineesueuneuenledanasiosas 20 flgaumndiinsdsuntasing
ansusuneuenledgeaalunsdiiilsifiiiuas fuasveulasonladluszuy



una 3

gUnsaluazdsn1maaag

luunilagnanieansiedl gunsal w3esilenlylunuidy 1uneIsnswsoudussUfisen dw
a =

gavingraiuefisnIsnaaeuaNaINsalun1siselfisen swudsanganegildlunisfnw
nnaes lnes1eazBenvatiiaz T NuARIRNE AU

3.1 d@154Al
1. paUeslumsn (Copper (Il) Nitrate 3-hydrate)
gasiAdl: CuNO3),"3H,0
USEMEWAR: BDH Laboratory Supplies, England
2. wesnluwmsa (Iron () Nitrate)
gnsiAll: Fe(NO3)39H,0
USEMENAR: Ajax Finechem Pty Ltd., Australia
3. lepguAsusiun (Sodium Carbonate)
gnsiAdl: Na,COs
4. lmpvulaasonlan (Sodium Hydroxide)
gnsiAil: NaOH
5. worluilvulensenles (Ammonium Hydroxide)
gnsiadl: NH,OH
6. ilooaulud (Deionized water)

3.2 \nvasilawazaunsal
1. dnnes
VINFUTUY
YOUANENT
VA
dauarisudadogm
nszAwinAInNUdunsaaig
wiwsLnan
funans

0 o N o bR W

e 1indnuly
10. MZWNSITDUVUIA 100 LY
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11. wanldans

12 1A3094AINT0ENS

13. LMDV WAZLALKN

14. ip30munuAnaneLaes

15. e3esufnsaiui

16. w3osialasunlnnsv

17. Lﬂ%‘laﬂ Autosorb-1C

18. 1AR09ALAT YIS MFY X-ray Diffraction

19. Nd099aNIIAUBLANATOUKUUEBINTIA (Scanning Electron Microscope, SEM/EDX)

3.3 NSATPUATIUGN8Y

N3W3BNAILSIURAS TN IRz naus IR BsIUfATelanzoan lwinauneUlos
oonles eineanled Tneandundiil

1. Haneueflunsn wazieinlunse WldUTuidoms

1%
o a

2. USummudiduvesansiwsenldainduneudt 1 Wldanududu 0.1 TuasednsTaeldig
Toooulud

3. waNENTATaNEINTUReuR 2 Whdeiu mnturhnsivansavanelaieuansusiun
anadudy 0.1 Tuasedns naulidudodetu Saranudulidauszann 9 91t
¥nsmungneuislifuan 2 il
nzneudilaunriaruasenaziennznousen
ﬁmzﬂauﬁlﬁlﬂauﬁqmmﬁ 110 oerwadoa Wunan 10 4alus 91ntutheansfiiiunns
puUdILENTIgamgdl 500 esmwaldea iunan 5 Halus

6. thansfilduuauazseusunzLnsIsun 100 W axlsduasuszneulansnay
roUieseanlyn esneanlen

3.4 NMINAFIUAINAINITAIUNTLIIUGNTEN

nsvageuaiadhilunisideniinufiizenasusunsuenlyfeaninduredditssu]izen
fimsnanissenandrsiuazgrmaaeuluiniesufnsaiuia (Tubular micro reactor) gaumgiilunis
AnufAsenaunsaialdanmefluduiliasiing (K-Type thermocouple) AdufaduuudaLie
Ufnsen aqﬁﬂszﬂawaqﬁ”wsmamﬁwmaansuaqLﬂ%qﬂﬁmamﬁa%gﬂ%meﬁimLﬂ%‘laqﬁ”wﬂmmﬂw
A5 TR mamasuuU Thermal Conductivity Detector (TCD) wazaaduiifildluniswening de
Molecular Sieve aadutlilldlunisnsiaasufivaisveunouenled Arvoendiau uaziie
ansvaulasenlas dviuufAseilinaaeuainuansovesiussujizensl 2 UfAzen Aeaanu
Jathalunisifinufiseinrsusunsuenleneendntuwazaituioshilunisideniinlfisen
asuauteuanlefeandiniy uenaniasvhnsinuiranssnuvesfrenisuenlaeenled nansznu
vosth nansznurasineasualaeenlesuanit uasafiosnmuesiassufAsednsae Tasanne
ANy uazedUsyneuvesieiian1nENAaoULanIRIn1T 9N 3-1
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AN N 3-1 dNMEANYILAYDIAUTENDUVIANINANNENAZDY

. p9AUsENaUAIY
annzAne

CcO Oz H2 COz Hzo He
Anudaslilunisiinufisen 1% | 1% - - - 98%
anudethilumsideniinufisen | 1% | 1% | 50% | - - 48%
HANTENUVDS

1% 1% 50% 20% - 28%
finwAsuaulaeanlan
HANSENUTOITA 1% 1% | 50% - 15% | 33%
HANTENUVDS

. 1% 1% 50% 20% 15% 13%

fgarsusulneenlenuazin

3.5 LHUNITNNADY
d‘ a v
A5199 3-2 WNUNSNAABILUIUINY

FaudsTidaensany AUsAIUAY
USuauvesmeilaseanlan — T9lfguASUBIUAAIILLTNTY
sowasnaanlyn (CUO/Fe,0s) 0.1 luasodns

- 5/95 - anudunsasnsvesansazany

~ 10/90 - gamgiuaznandilfluniseunasin
- 15/85 — YUINASUNTITOU

- 20/80

- 40/60

FussufRsefiniedldlunned 32 gniluienesiguanifengliun wunsmsuaie fuiiis
$umy vnandneds tassadimdn Uinaesussneunaadl dredtlessdsnegiinanluund e
uay Wluneadeunnideshilumaissuasewislunsdli Wuuifsenmswnlvifeansuueuenlssd
doliffglelanavlumeteou  uay  nsdiifglelanavlumetou  MFeniufAzeimsiden
AnufATenuouneuenladoendindy  wavedeudildagyilisunansznuvesaneUes
ponleddansisjisen deilluntsefusenamavanossdunsuansarudiiusseninnuau o
e AUMSsUnsen
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NANIINAADILAZDAUIIINANITNAADY

luuniiaznanimaniseasiazefusenan1smnasaveInssuiselanzeonludnay
aoUilaseanlys wesnoanled nisrliuauddeludn 1 Wunsfnwinansevuvesdiinauneles
sanlyd uazmaineenles denuantfanis wazauansalunisssuiisenvedsauiizen
AsuauNBuBnlYfRanTATY waz UfAsen1sideniinasuaunesusnlyseandindulunsdiiastiou
Y a a = = o &
fifnelalasaululBnaunniiune Jaliseavideadsolull

4.1 AuaNUAYaIRLTIUgNTEN

FisefAselanzoenlsdnaunelidaseanlud einesnlud NduTinwaetesoenlesd
safugnuesnfeisnsmnnzneusn ilefnyinanszvuvesTnunoUoseenlusiilronmua
wavANANIsaluNSSIURASe Sallseandunddeluil

4.1.1 NAMIAATISAINUNIRIVDIAATIUHATEN
mssiselavgeanlednauiiwseulagnirluliaseniuniadmigmewnsas Autosorb-

v !

1C Wngldfelulasimuduignaedu lelumesunsgaduuansdsnimi 4.1

e R0
b | ol
] 5% uld
= 10 %
==40%aCu}
—— ] e

—— 0 aFel 03

Nitrogen sorption (cm?/g)

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Relative Pressure [P/Pa)

il 4-1 Telemesuvesissjiseniivsunumeliuasoanlunsiigg
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awdl 4-1 uanslelemesuvosiussufitefiiuiunuaeuivesoonladeneg unusiuuansan P/P
Lﬂuﬁﬂmmﬁmmﬁwszj"LuImLamﬁr;hwﬁﬂvLﬂiuﬁ’aLi'ngﬁ%m Lmué?qLLamﬂ%mzuﬁ”wluimwuﬁmmm
Fulfuuiiuinvesiussufaten seilsuuvulolsmesuunuud v memmmﬂgmmuaﬂwmui
NFUILA mesopore Vi3advunszwing 2-50 wiluung lelsmesuguuuuiaed hysteresis loop 7
arwdufiglulasiaug fandifiuinuTnafegaduiagmeduliiviidu dduluntsdimw uen
fufiindumzazdenlifoyaludisiinisgady wasaeduivuauwintu fooglutis P/, seming
0.05 4 0.30 Lﬁaﬂmimwﬂ%mmﬁwluimLauam%’uuuﬁuﬁﬂw&wﬁ nuAIsUNseEIsanadu
frelulnsinuluuduinfiuandiadu 1Sesdaduaandoenluuan 18Fed
1009%Cu0<5%Cu0<20%Cu0<15%Cu0<40%Cu0<15%CuO<Fe,05 b @M 4116 3439U 1581
100%CuO fitufifadumzsifian vasfidusajizen Fe,0; ffuiifnasmzgean awnsofiansan
A ng warruagnsuaisvesi st jAzerldmumnd 4-1

M597 4-1 HUNRITUN WAL VUIATNIUVDIA NIV ATEN

Ze[b) avivszney (evazlnsiimiin) fufiRadmne YUAFNULRAE
Ufnsen CuO Fe,0s (m519unsAanIY) (lwuns)
1 0 100 67.5 26.3
2 5 95 38.9 20.5
3 10 90 54.0 16.0
4 15 85 49.5 14.2
5 20 80 50.6 18.6
6 40 60 413 22.8
7 100 0 12.7 35.9

a

NATN9 4-1 LLamﬁu‘ﬁﬁaaﬁ’wLWWULLavsuumiWiusuaaﬁaLiqﬂﬁﬁ%mﬁ“mmmﬂamﬂa%

1%
o

oanlosnaiu oz muim’mLmﬂimmmamaﬂLﬂasaaﬂlezjmwmm yilfuARdn 1z vosfLge
Ufisenanas @ Fefufitns e LLaJummwauLma mmﬂgmsmﬂumu mmﬂﬁﬁ%mmﬂimmﬂaﬂ
Woseanleddosay 5 Tngtmiin ffufiising 38.9 masumsroniunazauingngy 205 uilu
wns, FussuFAsefiiuinueeUeseenlesseras 10 Tnetwiin ffufifisinz 54.0 msauns
FonsuuazrLIAgNIY 16.0 wilumes, Fueufiefiduinuneuiosoonladdosay 15 et
S g 49.5 MIUATABNTULALIUIATNTY 14.2 ulwuns, fssuiizeniviuuney
Woseanleddosay 20 Tnsthwiin ffufifnding 50.6 marauasdenuuazuLIn  TWIU 18.6 W1
Tuins uazdssfaseniiiusinanetesoenleddosay 40 lawthwidn SNufiinsunie 41.3

AT IUNATADNTULAZVUIATNTY 22.8 WILUIAT FINTANGIVBINUNRITINILANIINAITEUNIAYDS
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¥ ¥ ! [ !
saad aAa 3 YA aAa o

aoUwefeanludififuiifiad e tosunaquuuituiiinveunsinesnlysd SuiliuiRadunzues
éf’;Ls'ﬂUﬁﬁ%ma@aa (Djinovic et al., 2008; Zeng et al., 2013) uaﬂmﬂﬁmuWWEWEuLaﬁaLﬂuﬁﬂwﬁa
Hadofifuasiofiudiin ﬂmmamLsaﬂgﬂwmmwwmmm“lwmvmﬁuﬁﬁﬁwL‘ww“ﬁaa WA INIUl
pndnagiliifuifs wnzndutu Fugu mLsaﬂgﬂimmﬂimmﬂaﬂLﬂaiaafﬂfmiaaav 5 uag
$ovay 40 Tasthwiin (Huddeuisedidgnuedovunnlng Suilifusafiteviaoaidiuia,

Junztiesiian

4.1.2 namsassiuunananuazlaseaiimnaniivesiaEauisen
Al isenazgnimssnvuianiniazlasiaiamuniianieinses X-ray Diffractometer
TnenansenuveslsunumeUeseonlendevuiandnuaslasiasiimaaiiinyasidunsisil

Intensity (cps)

20 30 40 50 60 70 80
2-Theta scale

AN 4-2 JUKUY XRD Yaeiissljisenniivsinusesaslagiminasuileseanlensisiu (n) See
ay 5 (v) Sewar 10 (A) Sepa 15 (1) Sowaz 20 (1) Fegay 40 WsUAUMLNUINANINTFIUYRIADY
Waseanlys (CuO) wazile3neanles (Fe,0s)

AT 4-2 LansgULUY XRD vesfnseUfAelanzeenleduanneuivesionnlyd
wesneanled Wieudusumisiianasgiuvesprelesoanleduazieineanles anaiwagiiiulad
wiedneenladlufisesufisousngiuvisiiafiyy 2-theta iy 33.3, 35.7,49.5, 54.2, 62.7 uag
64.2 Tansafuunafinunsguvealeineenludiilasaai1auuy hexagonal Tuvaziilivsing
finvosmeuiesoonledlusissufitefifuinnuneuiesoonlediosas 5, 10, 15 war  Yeway 20
Tagtwidn Tnesunisfinvesnediesoonlediivangludissufasenfidusunm GRNRIGH
aanlwnsesay 40 Imsﬁmﬁﬂﬂimgﬁym 2-theta wirfiu 32.5, 35.5, 38.7, 48.8, 61.6 uay 68.1 sy
funsiinediefoenladillassairanuy monoclinic lagidunia 35,5 finfinsiudoududia



30

yaawlaaeanlyaidumris 35.7 nsnliusngiinvetneliasoenledludisufisendulusiasy
WnanpeUlleseanlendusunutesdvinlrliaiunsainssilassasimaaiivesesausenaulu
U aaa [ I A o J= s s % a g ! = o I
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ABSTRACT

The poisoning of CO contaminating in hydrogen is a major problem affecting the
performance of PEM fuel cell. Removal of trace amount of CO can be achieved by selective
CO oxidation reaction or preferential CO oxidation reactions. This process requires catalysts
selectively active to CO oxidation. In this work, CuO supported over Fe>Os was investigated
the catalytic activities to CO oxidation. The parameter studied was the amount of CuO in the
catalysts. The catalysts were prepared by co-precipitation method. All catalysts were
characterized for their specific surface area, average pore diameter, crystalline structure and
average crystallite sizes by BET and XRD techniques. Adsorption isotherms indicated that all
catalysts have mesopore structure (Isotherm type 1V). With low loading of CuO (<20%),
there was no CuO peak observed from XRD patterns. It implied that CuO was well dispersed
on the support. From Tgo (Defined as the temperature that 90% of CO in the gas stream
converted to CO.), the optimal content of CuO in the catalysts would be 10%CuO/Fe;03
which showed the best catalytic activity to CO oxidation reaction.

Keywords: CuO/Fe203 catalyst, CO oxidation, Copper oxide, Ferric oxide, CO poisoning

INTRODUCTION

Proton Exchange Membrane fuel cell (PEMFC) has been interested with automotive
and residential application because of higher energy conversion when compared with fossil
fuel power source, low temperature operating and rapid start up. Hydrogen is an ideal fuel for
PEMFC. In practical case, hydrogen can be produced by stream reforming and following with
water gas shift reaction (Bicakova & Straka, 2008). The reformed gas after passing water gas
shift reactor contained ~50-55%H., 10-15%H-0, 20-25%CO;, 1-2%CO and N at the rest.

The presence of 0.5-1%CO in hydrogen stream gas has poisonous to Pt-anode of
PEMFC. CO strongly adsorbs on Pt and blocks the active sites for hydrogen dissociation
reaction, the performance of PEMFC decreases dramatically (Zamel & Li, 2008). Thus,
removal of CO from the hydrogen stream is necessary. One feasible and high efficient method
to remove trace amount of CO from the hydrogen gas stream is selective CO oxidation or
preferential CO oxidation. With this method, desired amount of oxygen is provided to the gas
stream. Oxygen will oxidize CO and release CO> which is not harmful to PEM fuel cells.
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However, the excess oxygen can also oxidize H> via hydrogen oxidation reaction.
Consequently, the amount of oxygen is of importance. Catalysts with high selective to CO
oxidation reaction are needed (Mishra & Prasad, 2011).

In the recent year, the metal oxide catalysts have been proposed as promising catalyst
due to low cost and high catalytic performance when compared with noble metal catalyst
(Avgouropoulos et al., 2002). The CuO-support catalysts have been extensively studied
because of their high activities and selectivities toward CO oxidation reaction (Gomez-cortes
et al., 2008). Various supports have been investigated along with this catalyst. CeO, is
claimed to be the good one because of its oxygen storage property. Likewise, ferric oxide
could enhance stabilization of the metal dispersion and provide high oxygen storage capacity
(Qiao et al., 2011). Therefore, in order to understand the activity of Fe,Os supported CuO
catalyst, the activity test to CO oxidation should be conducted. A large number of catalyst
preparations, the co-precipitation are a preferred method to high specific surface area and
activity of reaction (Liu et al., 2008; Salvatore et al., 2012).

In this study, the CuO/FeOs catalysts were prepared by co-precipitation. The content
of CuO was studied to obtain the best catalytic performance to CO oxidation reaction. All
catalysts were characterized their properties by different techniques; Specific surface area and
average pore volume by Autosorption 1-C using BET equation, Crystalline structure and
average crystallite size of each oxide by X-ray diffraction (XRD) and Scherrer equation.

EXPERIMENTAL

Catalyst Preparation

The CuO/Fe;O3 catalysts were prepared by co-precipitation. Cu(NO3)..3H20,
Fe(NOz)3.9H-0 and Na>,COsz were obtained from Aldrich. For catalyst preparation, Cu and Fe
precursors were dissolved in deionized water with the desire concentration. Then, 0.1 M of
aqueous Na>COz as a precipitating agent was slowly added into the precursor solution with a
rigorous stir until a pH of 9 was attained. At this point, the precipitate was observed. The
resulting precipitate was aged at room temperature for 2 h, and then filtered, washed several
times with deionized water. The obtained solid was dried under conventional oven at 110 °C
overnight and followed by calcination at 500 °C for 5 h. Before characterization and activity
test, the catalysts were grinded and sieved to 80-100 mesh.

Catalyst Characterization

The specific surface areas and average pore diameter were determined by adsorption-
desorption isotherms of N at -196°C using Autosorb-1C from Quantachrome. The Brunauer-
Emmet-Teller (BET) equation was used for calculation of specific surface area using values
of P/Po between 0.05 and 0.30. The crystalline structure of catalyst was analyzed by X-ray
diffraction measurement using a Bruker AXS model D8 Discover equipped with a Cu Ka
radiation (40kV, 40mA) with a nickel filter in the range 26 = 20°-80° with a step of 0.02° for 8
s per point. The mean crystallite size of oxides was determined from the X-ray line
broadening measurements, using the Scherrer equation.

Catalytic performance
The catalytic tests for CO oxidation were carried out in a fixed bed quartz reactor inserted
in a vertical furnace under atmospheric pressure. The reaction mixture consisted of 1% CO,
1% O with He as a balance gas. The reactor was charged with 80 mg catalyst at gas hourly
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space velocity of 75,000 cm®/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 CO conversion was calculated from concentration of CO at
inlet and outlet of the reactor as shown in equation (1).

COjnlet—COoutlet (1)

%CO conversion = o
inlet

RESULT AND DISCUSSION

Catalyst Characterization

The adsorption-desorption isotherm of the catalysts at different CuO contents revealed
a type IV sorption behavior representing to mesoporous structure as shown in Fig. 1.
According to the IUPAC classification, the shape of the hysteresis loop is H2. This type
adsorption hysteresis is consequence of the interconnectivity of pores. In this case, the pores
are often disordered and the distribution of pore size and shape was not well defined (Lowell
et al., 2006). From Fig. 1, it obviously showed that the amount of N2 uptake of pure CuO was
the smallest while that of pure Fe,O3 was the largest. This result implied that pure Fe.O3 has
the highest specific surface area and pure CuO has the lowest specific surface area. From the
adsorption isotherm, specific surface areas of each catalyst were calculated by BET equation
taking the data from P/Po between 0.05-0.30 and reported as shown in Table 1.

—t—52Cu0

=—t=—10%Cu0

=—+=15%Cu0

=—20%Cu0O

4 2Cu0

—t—100%Cu0

—t—100%Fe203

Nitrogen sorption {cm3/g)
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Relative Pressure {P/Po)

Fig. 1 Adsorption isotherm of the catalysts

From Table 1, pure Fe;O3 has specific surface area of 67.5 m?/g while pure CuO has
specific surface area of 12.7 m?/g. The addition of CuO into Fe;Os led to the decreasing in
specific surface area of the mixed oxide catalysts. This may result from the coverage and
pore filling of CuO particles.
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Table 1 The properties of CuO/Fe>O3 catalysts

Crystallite size

Catalysts (;%;5) (?]pr‘;’]e) dewo drenos Crystalline structure (Ié))
(nm) (nm)
Fe.03 67.5 26.3 - 16.7 Fe,Os/hexagonal 405
5%CuO/Fe;0s 38.6 20.5 - 18.6 Fe,Os/hexagonal 183
10%CuO/Fe,03 54.0 16.0 - 15.7 Fe,Os/hexagonal 174
15%CuO/Fe,03 49.5 14.2 - 17.7 Fe,Os/hexagonal 179
20%CuO/Fe;03 41.3 22.8 15.4 20.0 CuO/monoclinic, Fe,Os/hexagonal 235
40%CuO/Fe;0s 50.6 18.6 - 17.8 Fe,Os/hexagonal 213
CuO 12.7 35.9 16.7 - CuO/monoclinic 390

Catalysts were characterized for their crystalline structure and average crystallite size
by XRD. XRD patterns showed in Fig.2

Intensity, cps

t*“&m—M.——ﬁw.—A—A—ah_NL ==
20 30 40 50 60 70 80
2-Theta, ©

Fig. 2 XRD patterns of the catalysts (A) Fe20z; (B) 5%CuO/Fe20s3; (C) 10%CuO/Fe20s;
(D) 15%CuO/Fe20s. (E) 20%CuO/Fe;03; (F) 40%CuO/Fe;0s; (G) CuO

From Fig. 2, all catalysts show the presence of Fe;Os in hexagonal crystalline structure,
with the diffraction peak at 20 of 33.28°, 35.74°, 49.50°, 54.23° 62.73° and 64.18°. The
diffraction peaks of CuO do not appear in all catalysts except for a 20%CuO/Fe203. CuO
presence in 20%CuO/Fe20s is in monoclinic structure. No peaks of CuO for a 5%CuO/Fe;03
could be due to very low metal loading and resulted in high dispersion of CuO in the catalyst
(Ayasuy et al., 2012). An increase in the weight percent of Fe>O3 has no effect to the change
of intensity and peak positions. This result implied that there was no bonding between Fe,O3
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and CuO. The crystallite sizes of catalysts were calculated by Scherrer equation. The result
shows in Table 1. The crystallite sizes of Fe2Os slightly varied with the varying of Fe:O3
contents in the samples. For the catalysts containing both CuO and Fe2Os3, a 10%CuO/Fe203
has the smallest in crystallite sizes of CuO and Fe»>O3 and resulted in the highest specific
surface area among the mixed oxide catalysts. For other mixed oxide catalysts, there is a
relationship between catalyst crystallite sizes and specific surface area. The larger the
crystallize sizes, the lower the specific surface area was. In order to confirm the existence of
CuO particles on the surface, the CuO/Fe O3 catalysts were analyzed by EDX. From Table 2,
EDX revealed that the catalysts contained Cu, Fe and O in terms of elemental weight percent.
The results are well corresponded to the amount of precursors added during the preparation.
This meant that the precipitation time was long enough for complete precipitation occurred.

Table 2. The elemental compositions in CuO/Fe,O3 catalysts

0,
Catalyst ~ Elemen; é Jowt) 5
5%CuO/Fe,03 4.0 66.5 29.5
10%CuO/Fe,03 8.0 63.0 29.0
15%CuO/Fe,03 11.8 60.0 28.2
40%CuO/Fe,03 32.0 42.0 26.0

Activity Test

The catalytic activities of catalysts to CO oxidation were tested by micro reactor. The
gas stream contained 1%CO, 1%0, and balance with He. The space velocity was kept
constant at 75,000 cm®/g catalyst/h. The results show in Fig. 3.
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Fig. 3 CO conversion of the catalysts as a function of reaction temperatures

Fig. 3 is the plot of CO conversion as function with reaction temperatures over various
catalysts. The Y-axis represents CO conversion and the X-axis represents the reaction
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temperatures. The CO conversions of all catalysts increased with increasing reaction
temperatures.As the reaction temperatures increased, CO conversion increased and CO
conversion reached 100% at some point of temperatures depending on the contents of the
catalysts. 100%CO conversion means all CO in the gas stream is completely converted to
COz. In Fig.3, the activities of pure Fe2O3 and pure CuO were quite low. The activities of
catalysts reported as Too defined as the temperature at which 90% of CO converts to CO». It
was indicated in Table 1 that Tgo of pure Fe-Os and pure CuO were 405°C and 390°C,
respectively. However, mixed CuO and Fe2Os together dramatically increased the rate of
reaction. Tgo of the mixed oxide was in the range of 174-235 °C. The reduction of reaction
temperature may due to the strong interaction between CuO and Fe>O3 and the oxygen storage
capacity of Fe>Os (Li et al., 2008; Cao et al., 2008; Biabani-Ravandi et al., 2013). Gomez-
cortes et.al. (2008) reported that the amount of surface oxygen is controlled by crystallite
sizes of oxygen storage substance and the dispersion of copper species. The well dispersion of
CuO will enhance the catalytic activity to CO oxidation. The activity of catalysts increased
with increased of CuO content and decreased when the CuO content up to 20%. The
10%CuO/Fe;03 and 15%CuO/Fe.03 exhibited the best catalytic activities to CO oxidation
with Tgo of 174 °C and 179 °C, respectively. This may due to small crystallite sizes of both
CuO and Fe»0z and led to high specific surface area. The high specific surface area requires
for surface reaction mechanism and helpful to enhance catalytic activity due to an increase in
available active sites to expose to reactant molecules. The high content of CuO decreased in
the catalytic of CO oxidation. It may result from the excess of CuO covered active sites and
the growth of CuO particles has negative effect to catalytic activity (Cao et al., 2008).

CONCLUSION

Our results showed that mixed oxides of CuO/Fe>O3 can be successfully prepared via
coprecipitation. XRD measurement shows that catalysts were composed with monoclinic
CuO and hexagonal Fe;O3. Moreover, it revealed that mixed oxide catalysts exhibited high
catalytic activity, where it achieves a complete conversion of CO at low temperatures
compared with pure oxides. The 10%CuO/Fe;O3 catalysts showed high activity CO oxidation
at low temperature. This was due to small crystallite sizes of the oxides and high specific
surface area of the catalysts.
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