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VALOP BHHE Cu-Ce7|&E&d] &0 24 Cot 4% A7ME &0E AFsle ZAIE 7F25(1% CO, 1% G, 60%
H, in N, balancedl A€ CO Abshk-8-& Fasloict. 2&5v) 3, Y 2kAbE A=2[0,)/[CO))S WA ATPAA] THe-2

Lol g 274 B AHEE ZASIYTE Cu-CeFvle] 3 B &l we A 84 49 A 23, Cu-Ce(4:16 wt%)
Z|7F Yo = H9)Ql 175-220°C Aol oA 99% ofde] & CO 4l E4< nojor, ojge] CO Mg =EE 50-80%6

Yelyit), B3 Cog &2 H718E Cu-Ce-Co(4.0:15.8:0.2 wivehmi= 150-220°CS] W-& 2= ®¢ella] Cu-CeZd)

Hete] HE 58 Whg 244 (>99% COXE-E)7 A (50-94%E eIt 4289 (CO-/H,TPR) 2 4-2413HTPO)
A% A3}, Cu-Ce-Co(4.0:15.8:0.2 wtoggmll o] 739 B} Zwljo] v]a] Zuje] Akshehel £790] 7kg 93k, COoll thet &2

TS VERS & F A3t

Abstract — Cu-Cey-Al, O, catalysts promoted with Co were prepared and tested for selective oxidation of CQ-iiicta H
stream. The effects of promoter content, degree of excess oxyjgeere investigated for activity and CO selectivity while
changing temperatures. Among the various Cu-Ce catalysts having different metal loadings and composition, Cu-Ce (4:16 wt%) cat-
alyst showed the highest activity (gJ'and selectivities (80-50%) under wide temperature range of 173=220hen the Cu-
Ce catalyst was further modified with 0.2 wt% Co as a promoter, the highest activjly &@ selectivities (94-50%) was
obtained over the wide temperature windows of 150%220-rom CO-/H-TPR and TPO, it was found that by the addition of
0.2 wt% Co on Cu-Ce catalyst, oxidation-reduction activity of catalyst was improved, which resulted in the increase of cata-
Iytic activity and selectivity of CO oxidation in excess ¢hvironment.
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<24 REAoR AW Qv 28 2L 54 Ao WeTE T
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7090 olEvky Rt Watanabes[1312 200°CoA G433
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238 He BAS Holy Ao Ryd ¥ 2r). Kimz}k Cha[21E
8 wi% Cu-CeQ &7/} 120-190°C3loll- CO A&-80] 99.9%¢]/d0]
o], ojmje] MElw= 90-50% Y =2 Uehfs Zo2 rusigt).
AR ceria@- cerium oxidelr & ¥ 3}8H4 oA HEo] A
A wl e o] u - w7 i) 418 Sk Faf= o]8-d
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79 g 3 (excess solution impregnaticth) o8-8t} AL
B F% ATHE Cu(NOy),-3H,0, Ce(NQ)z6H,0 L&) Co(NOy),*
6H,0 ©]9.21 | y-AlLO5(Aldrich, 150 nflg)E B3 & AMestact. S
ATFEHES ol ARHE 77 E7] 24519 1.3M) =<
F GAE Hol A2or] WAL 018 70°C) AT I S
oA e S AlA e F 110°C AZR7]A 1247 St 93
ZAZAAA 500°CY] F7] 7] FllA 4] 7F Tt A5 EHE
Azstginy. Bel, 2300l Cort A7HE Sl 3 AR} B4
o] Hrtste] flellx 71&st Tt HoRE ZvlE Azt

=

Z "E 9718 ARl e Fig. Bl MERE R A=
= et B67])%= IR furnac& E3te 71Eatlen, = 100
mg®A+ 771, 120<¢<150pm)S 150 mg y-Al,05°1 14141 Pyrex
37117 6 mm, W73 4 mmpl] F28] 9585 AAF F FA
o ¥-g7] £EE T2 HABALAL s v A of
71(MFC, Alicat Scientificl® A1-8-3}<] 1 vol% CO, 1 vol% Q 60 vol%
H, 282 UYrx] N,2 28900, A4 #%o] 100 co/mit-z 4
At 27 stollA vhg ARS8 ArE T COE A&A)7)7] 98 COo
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Fig. 1. Schematic diagram of PROX reactor system.
1. Filter 5. Mixing chamber
2. MFC 6. 3-way valve
3. Check valve 7. Water bath
4. Syringe pump

Arelghgel] da gk Ao phawke] gt Fe] Ahe 3 Ay |
M=2[0,)[CONE AT 4 vt maps] CO AFsherg-g $3 U424
A Fee A=10]H, B A E AE 122 £ g9t

W B ANE BAE VA Z e ESY Z(HP 6890NE o8-8
St} HP-Molsiv 23 (Agilentr})S: o83l H,, O, 28|32 N, 22
3t GAR AE71(TCD)E HESR L, H[Fe] CO= 4317 913
Ni-catalys®l methanize2 %34 u & 3k(methanatiom]7l
Carboxed™ 1006 PLOTZ#H-g o]&3lo] CO, CQ, CH,E 2% ol&
SHAE7|(FID)E A% #4519t

CO2| e Akshah-go] glof COHRE (Xco), Ahds £RE(Xp,) B
A (S0 & oot 7o) AeJaisitt.

COlinei—[CO
XCO(%) - [ ]|[n(|§to][ I t]Dutle'{

x100
XOZ(%) - [Oz]inlet_[OZ] outlet, 100
[Oz]inlet

05([ Cq inlet_[co] outlet)
[02] inlet_[OZ] outlet

Sco(%) = x100

=
2-3-1. %2844 3 (CO-/H, TPR) & 424184 % (TPO)

Abal gk (redox) 53-8 GotRy] 918 528943 (CO-TPRY <
2513 (TPOYs: al8lith. U-typemiish-g71E 2%k Autochem
2,910(Micromeritics Inc- Al-&3F59 2. & & 7](Balzers GSD
300T)E ©]&8td CO, CQ, O, 5& STt &l 0565 7H871
(A7 10 mmyll 7313, 600°C 4H42-9)7] slollA] W7 Axz|g
the, ZE 9071 SlollA 4274 W71 5 7 3415140 CO-TPR
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7R 2FEA e olnf, vhg7] EolAe] CO AR#E 9315t
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3-1. Cu/(Cu+Ce)=4 A &2l & ME™ Cco Hsiiks

718 Ard o) ofstd HAwo) o5ty AlzE ¥Ex] Cu-CeZv
9] A%, Cu:Ce] 97} 2: 8[21] =& 1.5: 8,524 7 =&
BA4g Hole ZAoR duiA vt GRS AR FR(VALO,)
o "R|Et] AMEEhs A9, B4 2 F45-1R 7k AdmARgo] o5ty
HaA Ao gupd 4 dt). wheha] A o] RSHA @R E Fufe]
HA 24 2 TS A9sr] 91 7124 Easl) Table £ Cu
ZAE F5 FXF L 10w 7]E)0l e vl 943 Vet
Wl 2]t} Cu-Ce(1:9 wtde)Fmie] 7#-9-, 250°ColA #)E4] (93.5%)
£ Ve R| 2 Cu-Ce(2:8 wit%)Erlix= 200°CHIA 84 (94.6%)
VERR I 2Efv Cu o] 2 o oR FUhsA HW 23] gk
S8Ao) HaTe £ 4 9tk =, Cu: Ce] FAMI 2 8d ATt
HA 24UE T35t o5 AAHZ SAFSHE 3.5 1 6.524] 7|4 ¥
G2 ZFuje] HA dAue] Hgte] thh w2 & 5 9

b Enf EAM(Cu/(Cu+Ce)E 0.2% 243 F, ¥4 gxge
AR A3t @A Haje] w2 A=F costankge] 848 4
¥ 2A}EI T ke exo) wE ukeEA AbA ARE Y AlHTE
Fig. 2 VFERRITY. o] ZolA Bz Hpe) o] F4 Fxgo] 109
A 25 wtvE S71ske] wjel %8 2% (iso-conversion temperature,
Teo)’F 160°ColA] 100°C o] 8t 7+4slEd], o] 200°C ©]8ke] A
£ vhgEdo] S oSt &, FRIE BT whEbA] ALoA
9] CO F3go] Ad o= Frlele Al 7Ishke AoR F&Hr).
T} S (TS 20 wiod Aol 175-220°CEA 7P8 5& o
g Hoju omje] Melr= 80-50%1Urt. ¥HH 25 wiogl -5
o= A& ThEEALe QA OR SElR|H 2 H(Ty9°] 175-200°CE
A1 20 wtog] 790l vlste] AdlA 08 F3-8 RejdEr). A e
CO 4Hhihg SiA Azs) & of, 594 F5Fue] oA &=
H(Tog)0l F23 % Fe}r]El7} HEZ Cu-Ce(4:16 Wt%)-Al ,04(°]
3} CuCe/AE 7 Agtet 24 2 ko] SR 7153ld o]& dxb
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Table 1. Activity and temperature window for T>90 depending on Cu/
Ce weight ratio

Catalyst max. CO conversion (%) window for T>90
Cu-Ce[0.8:9.2 wt%}Al ,0, 93.6 (at 266C) 240-280°C
Cu-Ce[1:9 wt%)-Al,O, 93.5 (at 256C) 220-260°C
Cu-Ce[2:8 wt%}y-Al,O, 94.6 (at 200C) 185-230°C
Cu-Ce[4:6 wt%-Al,O, 92.8 (at 200C) 190-21¢°C

Cu-Ce[8:2 wt%})-Al ,O4 53.5 (at 206C) -
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Fig. 2. Effect of the amount of catalysts loaded ovefAl,O; on the CO
conversion, G consumption and the selectivity (Reaction condi-
tions: 1% CO, 1% O, and 60% H, in N, balance, flow rate=100
ml/min, GHSV=60,000 h%).
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Fig. 3. Effect of Co addition to Cu-Cef-Al O, catalyst on the CO con-
version, G, consumption, and the selectivity (Reaction conditions:
1% CO, 1% O,, 60% H, in N, balance, total flow rate=100 ml/
min, GHSV=60,000 HY).
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o] olA] LTy, 71551 247] 150-220C B 99} 170-210CH <)
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e 23l 715357 CuCelAl] HIgte] 52 2538 Vehlivh A
Hle SofA] B o) 71| Faf 5 9hg £5ee] Fvtell matA] Fast
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Fig. 4. Change in CO conversion, @consumption, and selectivity with
A for the reaction over Cu-Ce-Co (4.0:15.8:0.2 wt%) catalyst
(Reaction composition: 1% CO, 0.5-1.25% @ 60% H,, N, as
balance, feed rate=100 cc/min, GHSV: 60,000H.
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Fig. 5. CO-TPR profiles for various y-Al,O, supported catalysts.

(a) Ce[10 wt%], (b) Cu[5 wt%)], (c) Cu-Ce[4:16 wit%],
(d) Cu-Ce-Co0[4.0:15.8:0.2 wt%)], (e) Cu-Ce-C0[3.9:15.6:0.5 wt%)],
(f) Cu-Ce-C0[3.8:15.2:1.0 wi%).
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Fig. 6. H,-TPR profiles for various y-Al O, supported catalysts.

(a) Ce[10 wt%], (b) Cu[5 wt%)], (c) Cu-Ce[4:16 wi%],
(d) Cu-Ce-Co0[4.0:15.8:0.2 wt%)], (e) Cu-Ce-C0[3.9:15.6:0.5 wt%)],
(f) Cu-Ce-C0[3.8:15.2:1.0 wi%).
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Table 2. The peak area of CO-TPR spectra in Fig. 5

Catalyst Area I* Area II** (Area Il)/(Area 1)(%)
CuCe/A 10.03 1.99 19.8
CuCeCo00.2/A 11.80 2.75 23.3
CuCeCo00.5/A 11.80 2.55 21.6
CuCeCo1.0/A 10.87 2.05 18.9

Area I*: peak area in the temperature range of 32600
Area II**: peak area in the temperature range of 309200
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Fig. 7. TPO profiles for various y-Al ,O, supported catalysts.
(a) Cu-Ce[4:16 wt%)], (b) Cu-Ce-Co[4.0:15.8:0.2 wt%],
(c) Cu-Ce-Co[3.9: 15.6:0.5 wt%).
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(c) Cu-Ce-C0[3.9:15.6:0.5 wt%)].
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