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Abstract — The partial oxidation reaction of methane was investigated to produce syngas with Ni/CeO,-ZrO, Ni-Ru/
Ce0,-ZrO, and Ni-Pd/CeO,-ZrO, catalysts. Honeycomb metallic monolith was applied in order to obtain high catalytic
activity and stability in partial oxidation reforming. The catalysts were characterized by XRD and FE-SEM. The influ-
ence of various catalysts on syngas production was studied for the feed ratio (O/C), GHSV and temperature. Among the
catalysts used in the experiment, the Ni-Pd/CeO,-ZrO, catalyst showed the highest activity. The 99% of CH, conver-
sion was obtained at the condition of T=900 °C, GHSV=10,000 h™! and feed ratio O/C=0.55. It was confirmed that H,
yield increased slightly as O/C ratio increased, while CO yield remained almost constant. Also, CH, conversion decreased
as GHSV increased. It was found that the safe range of GHSV for high CH, conversion was estimated to be less than
10,000 h™".
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a1, 5 A2 A2 5 Cerium(IID) nitrate hexahydrate (Ce(NO;);:
6H,0, >99%, ALDRICH)$} Zirconyl nitrate hydrate (ZrO(NO,),"6H,0,
ALDRICH)E AHE-3te] $AE 3ISITE. 55+ 03 mol/Lo=E 3k,
H,0, (34.5%, SAMCHUN)Z 37}st % 20 Batholl 937 10:21F stirring
gt ¥ Ammonium hydroxide (NH,OH, 25 vol.%)E ©]-&3lI4] pH
1002 9h31, 242131 F9t SAIAIZD B 100 °CollA reflux® o=
BES -5 AARATIL, 100 °Col AZAIZ] T 500 °CoflA]
2AI7E 279310 Ce0,-Z10,5 AIZSISITE 2 A7 Ce0,9) 710,°)
S HAR Skl Nig 713 SR afo] &5 Wiglel| whE =
o] g CH, 7HA WHg- 59 AdS F3eint. 12]an o
71l A=< Sl Ru, PAS 4% H7Isto] wgke] Ftaksila
HESol tist TS gkt E4EZL Ni, Ry, Pd 5-9] Fvll=
Z¥2} nickel (IT) nitrate hexahydrate (Ni(NO;),"6H,0, Aldrich), ruthenium
(I1D) chloride hydrate (RuCly"H,0, Aldrich)?} palladium nitrate (PA(NO5),
Sol., 21.8%, Engelhard)= nitric acid (HNOs, 60%, SK chemicals) 5SM
Hollof] 1521 3 QbA] A2 Ce0,-710,2] HAllell ¥ (impregnation)
< o] g3)o] AZBISATE Ni2] 739 15 W% CeO,-Zr0, (4101l B4}
01, Ru?} Pd Ni 15 wi%s} ZH24e] F555el] i3l 1.0 wi%s
A Aol T $- 800 °CollA 3A17F F1F A/dBISATH16].

2 AelrE T35 ARAE AlZSE] $18107 FeCralloy (GoodFellow)
= AL 01| Fecralloy:= Fe 72.8%, Cr 22%, Al 5%2] &2
Z AEAG FAZE oF 50 um]! F45F-S A5 HE 5 9
e} FEs FuiE XA YR el 55 AAAE A2
Ak 919 Y-S Fal wEold 245 AR A A E0) 2.5 em, ¥
o7} 2 em?) YEHOE A Y= oF 640 cpio] AT Euf TH o
oA T Hicgs By gAY §3ES FUMA717] St
o 1,050 °CollA] 3027 A E AAIBIleH, of&e] XA
g @ & 3y Fufjele] FaAy ) U H|EHA ST 218
24 AA A FHo) GFL solE ZHBIO] 900 °ColA] 47 =
S+ A3tk AlZE Fulls SM-HNO; §918 AR5 slurry™
A 73 & F5 22| Aol washcoatingg}o] ARS8, o] ] 2~38] F.
B3} Az vhEsto] SE5AAA1S] FA] thH] 20 wi%eZt B =5 6
Rom FEXA Al Full7t SR A& WA 8te] dEF
71% olg3le] dds FHEESE st Azt B 245 X
AJAR= 800 °CollA 3417 F2F 25T

222, S 24 A8

Hgke] Ftaksl vkg-el gk /A W SAS Ak flsto]
Fig. 13 & Wb A& ARGSRITh ke A= A 7k &
T, 2T AT e, dud B P AR TRAE R
Ael 4= Q) Fat o2 ek Hh871= vldo] 1 inch, 4o 60 cm
S8 AREIGlOH, 1S A ) wE
& gx)olek, WES-E-91 CH, (99.995%)3} Ak A 2-3-37 (MFC,
Brooks 5850E)°l 23l ZH= It} MzNESell AR-E Ni vl
1R 3 N2 Hy® 850 °CollA] 5AI7E 59 Skl sFaict. vks
715 B3l WIEE = 7Y A2 54 712 mlE (Sinagawa)E ©|
f310] S431 o, 1k 7142 244 Carboxen 1000 column©]
Z2F# Gas Chromatography (GC, 31717], ACDE 6000)% &2
ST

wgke] FIEAksl vhSellA 22t Alxd FulE w25, GHSV
(Gas Hourly Space Velocity), O/CH| 2] ¥is}e]| w}2 23S F3) 2
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Fig. 1. The schematic diagram of partial oxidation reforming reaction.
1. Mass Flow controller 6. Catalyst
2. Valve 7. Heat Exchanger
3. Reactor (1") 8. Condenser
4. Thermocouple 9. Gas Chromatograph
5. Furnace 10. Gas Meter
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b SR 0} Fulo] MUEAS FARAAAT (Carl Zeiss,
LEO-1530), S 7x8} E42 XA 3]2#4(SCINTAG, XDS
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34 BA4E st YR 2 ZE Ce0,8} 7r0,2] EFEA o4
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&elA ITH17]. Fig. 200141 Alxg Z422] wAlel Ni 15 wt%s
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Fig. 2. XRD Patterns (a) Ni(15wt%)/CeO,ZrO,(4:1), (b) Pd(1 wt%)-
Ni(15 wt%)/Ce0,Zr0,(4:1), (¢) Ru(l wt%)-Ni(15 wt%)/Ce0,ZrO,
(4:1).
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Fig. 3. FE-SEM images of metal monolith with surface treatment (a)
root (b) after pre-oxidation at 1,050 (c) after Al,O; coating.
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Aol wgke] Hiatske] RESAE FARSE ] 218, At
2AEART T F9] S5t BAE VAT Qe RleE o
H7 Ce0,-Zr0, Aol 15 wt%S] Niz} 1 wt%2] A=< Sl Pd,
Ru @A|eto] Z42te] Sl AlE AlZ8klth. CeO,¥ ZrO, BHA1<)
& Y= Laos 5 [19]0] AAISE FA7FA Aol WEgEdo] &2
4125 AZ3IN0m, Ni Fvlle wlgke] A 712 9hS-ollA] Lee
52019 Ao 2 WH S B 15 wi%s BAEI A
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Fig. 6. O/C dependence of CH, conversion over several catalysts.
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Fig. 5. Temperature dependence of product composition over several catalysts.

Table 1. O,/CH, ratio dependence of H, and CO yield over various catalysts

Composition(%)

40

400 500

600 700 800 900
Temperature (C)

Pd(1wt%)-Ni(15wt%)/CeOs-ZrOx(4:1)

Ni/CeO,-ZrO, Ru-Ni/CeO,-ZrO, Pd-Ni/CeO,-ZrO,
o/C H, yield CO yield H, yield COyield H, yield COyield
0.60 1.46 85.10 1.63 86.81 1.74 90.13
0.55 1.50 85.35 1.69 87.14 1.80 90.47
0.50 1.41 84.95 1.52 87.36 1.63 89.32
0.45 135 84.64 1.45 86.95 1.54 89.84
0.40 1.30 78.14 1.38 81.78 1.48 87.02
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Fig. 7. GHSV dependence of CH, conversion, H, yield and CO yield over several catalysts.
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