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Cu02] gafo] nke-adol v JFS AL 918191 CuO(x)/0.3A1-0.7Ce (x = 2~20 wi%) ZTS sHH o=
Azt AL CO AFBHES-S F81Ith. CuO(10)/0.3A1-0.7Ce Zmi7h WESE 5 S5-9] Zx) 5] BAIgle] 71
$-54=3 HhSE S VERIRILE. 429 Al el coetel AAEE e 7 EAdF0) 4sle] 50% CO HeE
Q1 Ty 7t oF 50°C 202 o] FE o] AL N,0- 4943 o2 5t 2] ¥y n co-Fx Aoz ARt
B AZAERS] ok cu0] 5 STl wet 718K, CuO(10)/0.3A1-0.7Ce SrllolA] Z stz Sl ol#dt 54
AT AREE ST Co AlsbEell it Ty, ol A 2 AXSIGIT). $19] 59w AYENE, CuOx)
0.3A1-0.7Ce 2] CO AFah-gof tigt WA re] TdA 3 AxPaAe] oky) WAsH fEgtiy 248 &
Sict.

Abstract — CuO(x)/0.3A1-0.7Ce catalysts with different CuO loadings (x = 2~20 wt%) were prepared by impregna-
tion method and investigated the effects of CuO loadings on the low temperature CO oxidation. Of the used catalysts,
the CuO(10)/0.3A1-0.7Ce catalyst showed the highest catalytic performance in the absence or presence of water vapor. In
the presence of water vapor, the catalytic performance was drastically decreased, with a temperature of 50% CO con-
version (Tsy,) shifted to higher temperature by 50 °C compared to the those in dry conditions because of the competi-
tive adsorption of water vapor on the active sites. The copper metal surface area calculated from N,O-titration analysis
and the oxygen capacity from CO-pulse experiments were increased with the CuO loadings and showed a maximum at 10
wt%CuO/0.3A1-0.7Ce catalyst. These trends are in good agreement with the tendency of Tj,, of the catalysts. From
these characteristic aspects, it could be deduced that the catalytic performance was closely related to the oxygen capac-
ity and the copper metallic surface area.
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1. M

rhu

Aaksleta (COyE M9 8 H?‘a = zA AA e St Al o
53171 fl8te] @& A7 Ao, A F71vE st A=
i Absh, AhdE o} AT AR Fof T 83 AdEoklA s
COAsHE 918k A0 3= o] ghrh{1-4]. CO AtEEgol A&

ZollE ANk 22 Pt, Pd, Rh 5] A=E7F2] EHH7}—F
Tek A7 P E 2ttt EE A QITHS-10]. 22Y Ae
o] F& 7o R Qleto] AuST FE tiAlsk] flsto] 3101
=55 Fvllel] gt A7t Wol = 9lt.

2] (Copper, Cu) T3] Fulle &4 F502 412 A3t 714
o} CO Absg-olA AF<R9} vlssabAY B Wik 551 &
A& 2] wiitell eSS SullE tiAleh ] Slste] hdks] At
Y= ATH11-13]. Cu =X Fl) X AAZ ALO,[14,15], SiO,[16],
TiO,[17], ZrO,[18] & ThF3tAl AMg= 1 91z, AAA 2] 542 5
uf o] et S Z%?ﬂ 3= F Q8 1A F sho]7] wHzel[19],
GHEA custe] Asay FgkE o]F7] fl8te] 975 54

< 728 AA Aol ek A7 s Eds] ZgE Qi)

AF22 A % (oxygen storage-release)S 2H= Ce0,5 A A A &

A Cu Fll= 2] 9 Ce0,9) 73 AT AHg-) Ce4*+Cu‘*H
Ce*+Cu?"e] A1}l (Redox) EIFE Q18] CO AlsRESol 95~
S ZH=rhal B E QI TH20,21]. B3 CO AFsRik-g-oll ﬂ%fﬂ Cu
Zuf o] Whg-3L A A A 2] abA 7] EA] 9 Ak oA el <Js)
A9 $ ook 4 A QUth Ce0,8] L EAIA Ak T E
E2 Ao FAdL A B A A FHulle] B T Cust
Ce0,%] ZAHAO R /3440 o] F 0% W3S A7tk
R ATH20]. o] viA-RE ZHE-A 93719 (Mars-van Krevelen
mechanism, MvK)Z 22170 Zu)| &) Alsh-gkhd E4J¢f| 23t wk-s-Ad
SX107 A g = Qi)

A el FHY o7 AF3 Ce0,9] M EAH ghe vl 2,
oA o] dF ePg/do] v @S 71X 1L 9l o] gt WS
HeksP7| flato] thE AlslE2 A7kl CeO,7F 7 I Qs 2t

E739] 5313 A A A 24 ) D& s & = Q). Vidal 522>
Ce0,°0ll Zr& 718l A3t Ce-Zr EAIEEE 2573 Ce0,9h

vl wste] 5k BS54 2k, Ak A hilE 54 BeSE 3
Hoka B s3Ik 8 Ce0,-ALO, AIX A el B2 # Rh Full2]
SRS 4:@* F2AMARES-o A =973 Ce0,9F D, Ce0,-ALO;
E3itskE2 ALO; $lll Ce0,2] ILFAFO Z Qlste] Rhe Hakw
el 716i5k= Ce0,-Al,0,°] AAH ] & 57711, Rha}
AAA 2 Zet T2 -8-S 0]F] Ce0,%t Rhe| A4 Fojjol 7]
o3ttt BarskAth23]. Al(Al+Ce)2] & BE delslo] A %3k
Cu 7] FvlPdellA] €O Abshab-g-ofl Tt o] 2] Aol Fn]
24 2 B3k EALS Al(A+Ce)?] & H]o| Q& FA TS
Hhorow, A x5k Full ollx] 0.3A1-0.7Ce 2telE AA Aol BAlE
CuO F¥ll7} CO AFsESollA 718 =gk WhgAd & R SITH24].
Eh B0 & sk Cuos] el whEk X1 Aeke] thE A
FAE-S op7|Elo] Cu02] HAKE, SHIEA] Ul HhgAJ ol e kS
%E}J_ Ej_éh_ QltH25]. o] o]l & Aol A= COo Abahak-S-o A
& 8 ER 03A10.7Ce RS A A A2 AREEH] Cu02)
e %r‘ﬂ gk & A Z3ka, CO A& Faste] Cu02
Fo] Znl|e] B4 9 WS ol vl A= ks ARSI Alx

F

r\l

AE

oo oo Hl-r

&= XA 3148 4 (X-ray Diffraction, XRD), A4 S22}

A (N, sorption), F~2x-% 2 (H,-temperature programmed
reduction, H,-TPR), N,0-%} 72 3 (N,O-titration), CO-2 2133 (CO-
pulse experiments) 5-2] 5348 T35t CuO -5 Lelsto]
AzR Fu)e] Eej3letd 54T v 1k BAIE iy skt
skt

ML rSL'

2.4 9o
-1. E0 HI=

ATl A AR A A= 57 AL E AAA
OFa1, AJeRALof| A 'S 1o E ARESIATE. 0.3A1-0.7Ce AFEHE #]A]
A AT FE3FE(AINO,), 9H,0, 98%, Samchun)¥} 2
AHAE S5 3HE(Ce(NO3); 6H,0, 98%, Samchun)S AH&-3ko] Al/
(Al+Ce)] EHIE 0302 13kl 3 0 Z AFsISlch Alxke
STl Y AlES 8] G3AT & Al ATAIS) AsElE,
CePollA cet', 213l flsto] Pkelras AlEC] S-S 1305
a0 5 °CollA] 1AIRFERE A elsleltt. ditelraw Hejgh A4
g5 ¢} L o}4=(28 wi% NH,OH, Samchun)Z A4 2 A48}
o] pH 10 © 2 ZASIGTE AL N ARS oA 2447 WRISISI AL
o3} 2 FAI TS AZ F, 100 °C TZ B0l 4] 244]7HE<E 741
aielth. A xd BES Ak 35 slel] 500 °CollA 2 ARE 248k

AR A2 ARG Az XA A 2]l Arl2] 781 (CuNOs),
-5/2H,0, 99%, Aldrich)S -2 & AH8-5F0] Cu02] TS 2~20
wt%Z Z2]31o] CuO/Al-Ce FHVIIE T 0 2 Azt Az
= 80 °ColA xR F, F7] EE3k) 500 °Cll A 2 AlZHE<F
aAgste] o R ARgSIGIth Fvll= Ccu02] el el CuOx)
AlCe? EAIEIR T, x= Cu02) T3S 2Ju]di,

PR 5 %

2-2. Ef SYEM

Az vl o] A4S A R7] 918 Siemens D-5005 71715
AFEEFo] XA E]Xé—‘vﬂ—@, (X -ray Diffraction, XRD)< 333}t o]
u ARE-SF AT HHE 30 mA, 50 kVO]aL, 0.12°mine] FA} &

20 = 10~ 80094 H%_go]]/q Zxﬁg].Oﬂr)r ;(-]]742'5}- iuﬁgq u] ED:]X—]
‘ﬂ % 71353 196 °CY] A A A 5 SlollA] MicromeriticsA-
°] ASAP 2020 AHE-ste] HAFA 07 SA3IT). Sl H]
¥4 BET (Brunauer-Emmett-Teller)2] & ©]-&-5}of P/P, = 0.05
~029 ¢ oA S gt 2 739l F 71359 = PP, =
0.99500141 9] F2=ko = AXksict.

CuOX)/AlCe 1 9] FHIEA]-S LolR 7] $13ll MircomeriticsA F2]
AutoChem 2920 AM-810] G42-5-2- 315 (H,-temperature programmed
reduction, Hy-TPRYS =331t} F2917] slollA 02 g8 Frll&
T2 H£E 5°Cmin! O& AF2oA 500°C7H] 2EE Y &
500 °CellA] 2413 Bt AAE]skar e 7k BF sl Ao ®
W7tk Ao A 10% Hy/Arg 50 cm’ min' 2 8] A
700 °C7H4] 10 °C'min 0 & F-&3t0] AR ER= F4E dAEEH
2712 B,

A 7219 BAHES 24 919k] N0 ABN,0-
titration) S 533151t} 0.04 g2 FvlE 250 °CollA 241752t 10%
Hy/ArS 50 cm® minl2 S2F0A SR L 3k &, ) 32
HAFE21710l14 90 °C7HA] 21713 N, 02 A3E Faekaitt.
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292 Porapak N A o] 2k G- E7A%7](Thermal conductivity
detector, TCD)E ©]&-31o] N,0¢} N, & welato] thaat 222 2%
o]-g-ate] AT NyO(g) + 2Cu —Ny(@) + (Cu-0-Cu), ©17141
Cugyic 3] 78] 9AE &Jv]skar, N,0/Cus] ¥li= 0.5% 71 s}
o, TRE] o) Wi 1.46x10" atoms m>E AME-SH] AlAeRol
tH26).

=) o] A A %52 (oxygen vacancy/capacity)y= €otR 7] 915}
o] A4k, 90 °Co] &=ollA CO-AAAF S Sttt PR ex
CO-%52 3+ (CO-temperature programmed reduction, CO-TPR)S-
T8, XA L] AR -0 7w = 910 oS
71w 2A7gsialet. 9171 stellA] 0.05 g8l FvilE 5 °C min
O AFeellA 300 °C7H] £EE &1 § 300 °ColA 1413F Bt A
Ae]star 90 °CE it ES ol F 7z ARSH] 5%CO/
Arg vl 92] 7HA 0 F Zm|50 2 F3IQITt. shH Y Al AR
¥ COE 3.6 pmol©] 1L, CO°J FUL A&7l &3z CO9
37 Hsrt & W7 AT ol ® m/z =2(-H,), 28(-CO),
12|31 44(-CO,)<] A=A 7] (quadruple mass spectroscopy, QMS)
255 HEsIITE COBAAE Fbol| == CO,v H4= Fulj2)
Axprasl U col Nk o7 A w ], e = CO,9)
& Fni7} kol Qle AL o 7 ajA] & = glom,

2212] 9 QMSE] €071 AL Hialo] AT,

2-3. CO AsMi2

CO AFsES-2 A7 12 mmQ! 47 (quartz) A& 2] U-2F 17
= WS 712 248k slollA] AAIEIITE 498 CuOxyAICe Z1l 0.1 g&
HES70]] Z2IA]7] 31 FE(200 cm® min™) #9171 3FellA] 5 °C-min <)
S ST 500 °)C7HA| A5Al 7] an, 2417 B2t 5418 3 5 °C min'!
O WAL LR 50 °C7HA] WA o] glE W R0 E e
CO/O,/He2] M| E 1/4/952] =1 & &Fo] F 3 200 cm’ min! 2
37g k3T, ou] 714 75455 (Gas Hourly Space velocity, GHSV)
£ 120,000 cm*-g cat.h 02 AAFE ek, EF S20] S 7
Zh17) f18l Bo] TR0 Ol L3P |E AREEHT 5 vol%S] s
H-S712 53 €O, 0,9 Hed 3 %% 7](Mass Flow
Controller, Brooks 5820 E MFC)E ©]&-3&}o] W5 #x] o] =111
3, 4 3 C09 FEE IR A AR FEHo] gl IR #2417
(Teledyne Model 7600)%. 2|7t 415 Ml sl3ict, CO A&
HE¥ CO FEE FFF COFER o] ARkt

3. 480 & o

E AAollA] ARE-3E CuO(x)/AlCe FM9] E2]2 EA-S Lol
A3l XA 38R, A F22REAE F88HI T CuO(x)/AlCe
Znj| o] XRDE4] A 7}= Fig. 19 YR CuO(x)/AlCe =) ]
B ) Ce0,7h 2 o R w9l aL, cuost HAE I
52 Cu02] To] 7 wiveZHA= HEE A o9k, o] Cu0s)
o] 7 wt%7HA] AlCe A A 91e]l a1 At B Z o0& S5
1 014+2] CuO FrEkol| A= 20 = 35.59) 38.7°(JCPDS #332-1111)°14
A2l cuo =7 B AL, 972 A7) ko] Tkl
e} S71813 01, o)1= Cu0] 243 7 AL A7) AR
oful gt

CuO(x)/AlCe ZHlj o] H| W2 W 7| 3735 Z743}7] $Isto]
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Fig. 1. Powder XRD patterns of CuO(x)/AlCe catalysts; (a) x = 2
(b) 5, (¢) 7, (d) 10, (e) 15, and (f) 20.

Table 1. Physicochemical properties of x wt% CuO/AlCe catalysts
xwt% CuO/AlCe  Sggr

Total pore volume Copper surface area

Catalyst (m>g™") (ecm3g™) (m? g catalyst "')*
x=2 118 0.281 4.7
5 99 0.278 153
7 98 0.263 21.1
10 93 0.234 20.7
15 89 0.200 15.5
20 84 0.222 14.0
“Obtained by N,O-titration analysis
s FE2AEAS ANSR T 1 AFE Table 19 LERASITE
Az e Flle S 2 F 2310 olgdids vehlie A
G0l Type IV Felo] S 592 158 ehligich =%
o] = EAIEHA] 958, CuO(x)/AICe Zvl 2] H]EHZ gl 7| F-y]=

Cu02] &5Fo] 204 20 wi%Z S 7Fsol| uhe} 247} 1184 4] 84
m*>g'Z, 02814 020 cm’ g & FHash= A S LeERQIT) o]
94 H cuoZt AA A 7 Eg Ao g g o 24 vl g
2 g 7| g5u)7} 2hashs 2l o7 Algg)

Fig. 20l CuO(xy/AlCe 2] TEM 235 Yepdt) BE Znj
oA Ce0,2] Aol i, 7}7] theE ko 2 gk Ce0,°] 4
A7} BZE I TE Cu02] ol 7 wiveZHA] S sk = Cuog)t o
HH ]IAkE wEEP] o lon, 1 o) e el A= 2F 10 nm2)
CuO JAFEo] BFE L) o= Cuo YAFE©] AlCe AAA] 9]
ZF FAE S-S 2vsh, A g XRD EA A e} & A X]
H= TS Bl

CuO Fulj 9] Wh3/3-& B2k o & ARE-E Cu02] WA4kel| wheh
B2 JEFS vtk g A i A AREE CuO(x)/AlCe =
o] Cul] FAMEE dobr Y] fl5te] N,0-A 8 AH-& 33kl
1, 71 A3E Table 19 YERACE Cul] ¥4k Cu0g] o] &
7hatel| wke} Z7kshe A3 B3, CuO(7y/AlCe Zvhell X Cu ¥]
EAAL 211 migl® 7P AN 3 UERITE 7 w32
CuO7} &4 # FvlE-2 Cu0g] o] F71ghe] whe} Cu vl Ed
Ho] Zo]=E S BIth Cuo T2] S7hs A8 Cu A E
Aol 7HA 2] haE op7|Ele] Cuol TS sk, iRkEe] A
Hof| wh} A A A FHo] =59 Cud) YA AS opr|Ft) uf
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Fig. 2. TEM images of CuO(x)/AlCe catalysts; (a) x=2 (b) 5, (c) 7, (d)
10, (e) 15, and (f) 20. The inserted arrow indicates the CuO
particles.
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Fig. 3. H,-TPR profiles of CuO(x)/AlCe catalysts; (a) x =2 (b) 5,
(¢) 7, (d) 10, (e) 15, and (f) 20.

2hA] Cu BI A2 Cust XA A 2] A5 2ol upe} S8k RE,
o 548 $RFS 7|0 R Cu AR Ao R 1 ol
grollrli= Cu v A Q] g op7]8tt}27].

CuO(x)/AlCe Fvl 2] SHAEAS Sotr 7] H3te] H,-TPR 4-S
SABATHFig. 3). B E CuO(x)/AlCe )= TPR F-4)& =990
A AA T F552 3 937 AFE QI oF 145 °C F-22] A
ol BEE= 9 HE= L7 2 AlCe 900 2 FAE Cuo F9]
ghlel TSk I A2 AlCe A XA 9} ZstAl A 3Fal 9= CuO
FTOF B S It} 240~300 °C F-Zollx] =] A= ¥ AE
S A =T Cu0 FO7 Cu02) 3kl Z718tol| wle} 1)=1.9]
77t S7Vh= @] B, B4 329 1 Hg 2o
© 7 olgal= Zlo] BAE G oM 28], ol £ Cu0 FO7 Q1
slo] BHE7] o] & v gttt

Fig. 4° CuO(x)/AlCe Zufl “gell] %ol & CO Atsiiks 4
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Fig. 4. Catalytic performance on the CO oxidation over CuO(x)/AlCe
catalysts; (l) x =2 (@) 5, (A) 7, (V) 10, (@) 15, and (<) 20.
Reaction conditions: (A) dry conditions, CO/O,/He (mol ratio)
= 1/4/95, F/W =538 mol g, h”', and (B) wet conditions,
continuous addition of 5% water vapor.

W5 w3k o) glis UEFHA B8 FHullis 150 °co] vk
25 ool 93k A4S eIt o ARHEo] 50%7} H=
Tsg0, 25517 CuO2] o] 10 wt%e7bA] 2527k SrobAli= A o
BRIl AL, 71 o) 4e) el = &7t Z71sIRiTE. CuO(10)/AlCe
Z0 9] Ty, 2] 25235 88 °CE Cu02] gHel] whet ofshile e <]
CO AgHg 725 fehfi2lt}. Ratmasamy 529] 53+ CuO ekl
w2 CO Aol B3 A3E B usleit) 5%2] o] &
Ak FANEE 2ol = ANl A 9} v Seet AvbE U
ERIQLTE. Fmte] EA) Al B Fullis €O ARl tist Fujl 2]
A AsrE BEE QAL 180 °CS] &oflA] eH gk CO Akt o]
FolRth Ax A M e EA-S YERISIE Cuo(10)
AlCe ZH2] Ty, 227} 143 °ColA] B2 G o, A2 AR}
OF 50 °C 1= Ty, 7F 2207 0] F3ISIT}. o]= i) 7}
of wpet Fuj o] /g dell cogt 2] AAFAFC® QIS B Fo]
ZolEQV] WO 7 F=Hu) wik R0 E4 A, @Al
CuO7} -7 HH-g-3te] do] §li= Cu(OH),E FE 224 CO
ZFekgol g kg do] haslks Ao % Alm gt

2491 Cu v AL 7] W F3 A vkeEAd v
o] Qrkar Bars o] Qlth30-32]. webA 2bM N,O-A w4 0=
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SF Cu B3 A7} CO AFSREE- oA T Ty, o] 59)e] A3t
A8 A1) Fig, 501 EAIBIATE Ty, @] 253 CuO SHeko] up
Cu B34 Z7kel ALl fAFSE B8-S UERQITh ARSH BE
Zll Z, CuO(10)/AlCe FHl7} CO AFSHE-ellA 71 UhE Ty, 2l
255 Holu}, N,0-4 44 4= CuO(7)/AlCe Zl7} 71 &
Cu H]3E9 4] ghs YR ITh. 2ev 7 Fl 9] Ty, 2% % Cu

H| 322 A8 nhel 28] Aol & VRS, A g At
A ZHZERE DA A CO AFES AL cu B FAEA T Y
sl s S-S & 5 AT

AR O & CeO,= ARAAHNES] 553 54S 241 glo] 4F
SPEG-ol A A A By A2 A,

SRIAZ o] ARt} o]

== A, Y EAAS] AT AE 5 vk QIpel oJsf A%
2 = Qlrk. oA Agghits} o] Absiikgellx] AxPrkAe] oF B
AAP A 9] 0155732 MK RES7 -] 4tsh-8hel AE T} 3adsto]
Fujl o] nk-gAd 2 sl B E o] Sk Liu[33] 52 Ce0, Al
AAE o] &gk CO AFSEG-o|A Azt AkAxo] o] 5 dftol o} Ael
2bel- 3 A%E-S B slQith BEek S 24E10] E (Hopealite)2hal &
7l Cu-Mn 23Fe] Sl Aol A 12 AxPaka 0] o] F7d Full] vhkg-
A& AR T3 Axlekar AASIATH34]. WA Cuo S
o W AlCe AA|A|91e] AFE g0l o3k 545 dobral, CO At
SPE B BAE g skt st A e ke S5k Slet
o] CO-BA A3 e 33133 1 A= Fig, 60l TAI3HSITh
CO-BAAY Feto #2EE 0,9 ¥ AE v 2-& kg0
oJall YA 4 SlTh CO* + O, = CO, + * 7123 CO-* +OH,
= CO, + H, +*, o17]A L-O= ARRIA, *= CO7F F2e Qe
S-S SJulEith35]. COE U sAlol Co7F &7l &
2h& sk, FHullol] EAlsH: ARtk v 02 Co7t A H
t}, co FJo] A&E el wehd 0,2 = 27|72} Bandhe A
S HolH, o]i= FHujlof] EAlSH: AR AR 28t Zlow
A & 4 Qlrk ok 10¥12] CO FY Foll= AlE2R1 co7t Ha
7h R AR, AL 9 o] glvk. Bk =9l E oLl 7
715 CO7} Eshe A A sk gk ERTE BEetk obA g &
2k cogl 39 slo| =247 98] Hhg-5 Fato] 74 9 art ¢
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Fig. 6. (A) Typical MS response profiles for the pulse experiments
over CuO(10)/AlCe catalyst and (B) the correlation curve
between the oxygen capacity obtained by integrating of MS
signal of ‘CO, (m/z = 44) and Ty, values of the CuO(x)/AlCe
catalysts.
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