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Abstract

In this study, the effects of the structural properties of the catalyst on CO oxidation reaction by controlling the Cu/CeO,
catalyst amount and calcination temperature were studied, and also the CO conversion rate of the catalyst at the temperature
range of 100~300 ‘C was evaluated. XRD, Raman, BET, H-TPR, and XPS analyses were performed to confirm the effect
of changes in the structural properties on the chemical properties of the catalyst. The result confirmed that a substitution bond
between Cu and Ce was formed and a lot of Cu and Ce bonds were formed when the catalyst carrying 5 wt.%. Of Cu
was calcined at 400 C. The Cu-Ce binding was confirmed by peak shifts in Raman analysis and also peaks appeared in
H,-TPR. In addition, the balance state analysis demonstrated that a lot of surface labile oxygen molecules are formed, which
can be more easily contributed to the reaction with Ce®" species known to form a substitution bond easily. It was found
that CO conversion rate of the catalyst used in this study was close to 100% at 150 C.
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CO + 50,—C0,, AH' = —283K]/mol
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Figure 1. The schematic diagram of experimental equipments.

2 AT AAA R AFE-¥E CeOyi= cerium(IIT) nitrate hexahydrate
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160,000 b 7oA 2
k23] 6 vol.%E Fth
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2.3.1. XRD (X-ray diffraction)

Zuje] AT2E EA57] 98] PAN analytical Co.2] X’Pert
PRO MRDE ARE-5}31 01, radiation source®E Cu Ka (A = 0.1506
nm)E ARESIATE Xeray generator= 30 kWolal, 26 = 10~90 °9]
HLeNA 6 omin® FARSLER S5l

2.3.2. Raman spectroscopy
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2.3.3. BET (Brunauer-Emmett-Teller)
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2.3.4. Ho-TPR (temperature programmed reduction)
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560 C7HA 822171 3 10 vol.% Hy/Ar balance 7}~5 FH3HAA
S & - BARE HIAA FLELVIZ ESIT o1F 10
vol.% Hy/Ar balance 50 cc/mins X|&H 02 FH3P 10 T/ming
HEE 800 CT7HA] S23te] TCDE olg3te] ARH W2 s58 &
Qlakgich

2.3.5. XPS (X-ray photoelectron spectroscopy)
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4519101, excitation source®A] Al K@ monochlomatic (1,486.6 eV)
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Figure 2. The effect of Cu loading amounts on CO conversion over
the catalysts (Inlet gas: CO 1,000 ppm, O, 8 vol.%, H,O 6 vol.%, N,
balance, S.V.: 160,000 h™).
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M. Lykaki 5{13] Cu$} Ce2 H|-&of we} vk-g-&-do] “dolskA v
ERdtha AFslgiom, Cu #30] 8.5 wt%d W 7bd ¢ 565
hebsicha Bnatgich whebd o Ag SHul Aol weh 2
%o] zuli Sulo] BHe 27 FFS M)A Ao ek
ool me} ¥ ATANE b WA G& TEUCE AET CulX)
CeO, X =1, 3, 5,7, 10) ] Cu 4 W37} 100~300 T &%
1ol €O 1,000 ppmel] Tt wES-EAdel A= FEFE AR
©om, o]Z Figure 20 YERJSITEH

ofuj, 200~300 C&] WH&25elA Cull theksh i s A|xd
Fu} BF A9 100%2] RS YR, 2 Sle] whg-EA 4
Afol= YEbA] ok Zls gRlsigit) sHA RS2 175 T ©]

[e]

= =
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ZRH% 0 Cu FEo] 5 wi% S Zshd WhSgAo] A
S W3, Wb Cu[5)/Ce0, Full7t 7P 3 S e
o} mEbA o)9} 2 WEEEAC] AlE ERIsH] flste] T2
EAJof th3k XRD, Raman 2412 3310tk 7 WA Fojo] 44
’4E BRlsl] $1gt XRD 48 S8kl o.M, 1 A 7S Figure 3°]
HERASIT

XRD 4] A A= Cu 1~5 wt.%2] Flli= Ce0,2] I peaks!
28.4, 33.0, 47.4, 56.4, 59.1, 69.6, 76.7, 79.4, 88.9 °c|A] THF gl o™,
0]9]9] A2 A4 Ao} peak?] o) ¥ 5= ¢lglt}). o]
£ T3l Cusl CeOy 7} AE 3 CuZl CeO, AAAel AL 5]
o9 A& BRI & QIQlth 1A%t Figure 28} 20] Cu”t 5 wt.%
Hrp =& ko g wxEo] BkgEdo] AAaEE AFdS Hd
Cu[7)/Ce0,, Cu[10]/CeO,= 35.6, 38.8 © ¥l A CuOol thét peak”}
FAETHS,14]. Song 5 CuO A4S Cud SO Adte]
s, Fujlo] BAle A3HE st Busklos]. o]t 2o]
B AT E Cud TS 5 wt% BT T S =] curt
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Figure 3. XRD of Cu/CeO, at various Cu loading amounts.
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Figure 4. Raman spectroscopy of Cuw/CeQ, at various Cu loading amounts.
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olzo] dojut Ao gt o| g} Wi E Curl = @HH o] wF
S8 TAE BYE Fvl= $o] S718S CeO, Raman peak
7} & v thA] o5 Raman 4104 YERE BE v
SR peak o152 AA P71 S R Q8 Lold = AUk
[15]. wheba] 298] curt BxE 739 vERd & 329 peak ©]
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Figure 5. The effect of CeQO; calcination temperature CO conversion
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Figure 6. XRD of Cu/CeQO; at various calcination temperature.

ekl XRDO| 24 A3l dA|shs daE UeRlgit

3.2. Cu/Ce0, =12 UX|2| 20| M= CO AEHIZ EA

g Aole o Aol tofst 2A4u 2 AZE Cw/CeO, EM 5
agol 7 943 Cu[5)/Ce0, FHME o] g3l A2 Jg
o gt co Ateke BEAS AL Fuie e Ee Zh7)
300, 400, 500, 600 CZ A3} 2H, Cu[5])/Ce0,-X (X = 300, 400,
500, 600)7} o] ®7|sk3ict wkA Z47ke] AP EHE A F
2] CO 1,000 ppmell thEF 100 CellA 300 C7FA] €384 43
< 33 o, o1% Figure 59 YERASIL

CO 4tsld3 o] Avje]] w2 vhefst 252 2498 Cu[5)/Ce0, =
] F 300 T2 A3 FHlE AQlst Fvll= 25 150 C #H2%
7HA] 100%2] S8 WERem, 11 5 400 TE 243 Faje) 24
o] 7pg 9478t o R et

wpeha] Sue) AT vV el nlA]= Rl s Akt
7] $18te] WA E2)A 54 421 XRD, Raman spectroscopy, BET
of thgt 48 st Flel A4S Elskr] flste] XRD
A4S s & AAYE Figure 60 UERYSITE
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Table 1. BET Analysis of Cu/CeQ, at Various Calcination Temperature
Catalysts CeO, Cu[5]/Ce0,-300 Cu[5]/Ce0,-400 Cu[5]/Ce0,-500 Cu[5]/Ce0,-600
BET, [m® - g] 100.56 90.536 91.108 88.173 80.899
CeO2
T 1B T Cu[5]/CeO,-X
Cu[5]/Ce0,-X 50T X = 600
140C
114
/"/‘\fi X =500
—_ 147C |
- =5
3 K 123
5 Q 172°C
i z X =400
'z 445 3
g X =600 =
= ! =
= 440 | X =500 e 3T
! 482°C X =300
444, X =400 .
382TC
: X =300 503TC CeO,
300 350 400 450 S0 550 600 1(|)0 2(|)0 3(|)0 4(|)0 560 6(I]0 7(|)0 800

Wavenumber(cm'l)

Figure 7. Raman spectroscopy of Cu/CeQO, at various calcination
temperature.

28.4, 33.0, 47.4, 56.4, 59.1, 69.6, 76.7, 79.4, 88.9 °o X WA E ] o
w2}A] CeO, peak 212 M=Z-2- A7) /3ol peak ] olF #
2 4 Atk o ® Fle F2E FRlst] $13 Raman 4
< Fsieler, ol tist A¥E Figure 79 YERISAC

Raman 4] A¥elA] Zuj] AA4J257F 300 CeollA] 400 TE 5
71w Zr19) peak”}t 441 em ' 2 7P WS WO E o) F3glom,
I oPeR ANREE STHIAE Wele v HE WEo Rl
peak ©]50] o= 2 RIS theo® o] njEwdS
Bel3}7] 918k BET %42 33t &, ZA7E Table 19 YR

BET #A4 7oA = 2257t S715kel wet vl do] gha
e AAS Flslsit) s 300 TE A2AE3S wET) 400
TE 2/3s18s v v A7F dojupr] ¢gkon, ol
gato] &Ado] 7k st Sl e niaEd o] 7 WAl Ak ol9l
+ Zo% et wjeb XRD 24 o] ApEdS gl
sk = 202 Raman 413} BET 41 £3}] Cugl CeO,7} X3+
AFS o] Fa B A= Flo] Fullo] Bdel FFS wRl
Aoz FETH18].

o s e glehd 5A4E A6k 918kl Hy-TPR w43
XPS #4& FEATE CO AtsRESollA AlArt Wh-gof] ZefsiA
=], olw) AbAE AREERo =M Ful] Ul oxygen vacancy”} 4
Ha1, 714 AAE o)gste] QY EeowH WS Waslng
o]2]3F =9 redox 5412 CO AFaat-g-o|lA wj-¢- F Q3+ Q4o|th
wbA] o] 9} 2 FHul9] redox 573 BRI} FAl o EulH
B304 FRletd Fwljo] Fx910] AAIAE ERlsH] flste]
H,-TPR 418 =88t & 7 A3S Figure 80 HERISIT.

H-TPR 4& 33191 wl, 7Hg &/d0] 9381319 Cu[5)/CeO»-
400 Zvll= 123 CellA] Cugt Ces] #3F Aol &Jal Shl¥ peak7}
ZE 031, 147 CTolA Ce0, FHol Ak Cuoll 28t 39 peak7}
e 9o, 172 CTelA Cu A7l 28t e peak”7t HEE UTH13].
"7t PP E peak ] HRI7F A2 CR o|Fdhs Aol U
W31, 300 ColA] 400 TR AL EE Z718190S ) peak?t A&

>

ok

3sst ® 30 H A 5 =, 2019

Temperature (TC)

Figure 8. H,-TPR profiles of Cu/CeO, at various calcination tempe-
rature.

o= A7 o g3k, 400 T oY T7ISE W= o]2gh peak ©]
o] AA doAUAI= ) TF Cu[5]/Ce0,-400 Zro] A2
peak?] F717} 71 A BAEOZMN BA F2AA BEAS I
A ZAY Cusl Ce?] 23 AFS 71 Wol Pk glom[13), ¢
Tk of gl Aol A wkg-of] Al 4 9l Ak o] 7 W
Zow Uehgth theo R FHulo] ASPIEHIE &Ik flsko]
S HA48 F3stay, 11 A3E Figure 99 Table 20 YERAITE
WA Figure 99] (a)ol= S 0 1sZ YERAITE O Is peak= ¥
A F(lattice oxygen, O,)¥ A A (surface labile oxygen, Og)
2 s 4 glon duidog guAksFo] WS-SR wkSof /]9
shbal LA Uk O 1sE 2ElEkls o, 7 &4l 45t
Cu[5)/Ce0,-400 Z9] FHAkaFo] A 81.83%= 71 wo] &4
3h= 218 ERISISITE Figure 99 (b)oll= 1] Ce 3dE HERNALE
Cedl AMIHIE et Fol B&4= cuslel Aol faldithal &
2] 9lom, olu] Cu[5]/Ce0,-400 Zvl2] H|&}et FE2o|etar LefA]
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Table 2. XPS O 1s, Ce 3d, Cu 2p Spectra of Cu/CeQ, at Various Calcination Temperature
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Figure 9. XPS O 1s, Ce 3d, and Cu 2p spectra of Cu/CeQO, at various calcination temperature.
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