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ABSTRACT

This study focused on the development of high performance catalyst for autothermal
reforming (ATR) of gasoline to produce hydrogen. The ATR was carried out over
MgO/A1203 supported metal catalysts prepared under various experimental conditions. The
catalysts before and after reaction were characterized by N2-physisorption, CO-chemisorption,
SEM and XRD. The performance of supported multi-metal catalysts were better than that of
supported mono-metal catalysts. Especially, it was observed that the conversion of iso-octane
over prepared Ni/Fe/MgO/Al203 catalyst was 99.9 % comparable with commercial catalyst
(ICI) and the selectivity of hydrogen over the prepared catalyst was 65% higher than ICI
catalyst. Furthermore, it was identified that the sulfur tolerance of prepared catalyst was much
better than ICI catalyst based on the ATR reaction of iso-octane containing sulfur of 100 ppm.
Therefore, Ni/Fe/MgO/AI203 catalyst can be applied for a fuel reformer, hydrogen station and
on-board reformer in furl cell powered vehicles.

FRI|E80 : Autothermal Reforming (<€ 7) 2 %kg), Hydrogen Station (54 A H o] A),
Gasoline (7}4 @), Fuel Processor (A5 7@ 7]), Ni Based Catalyst (1] A
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Table 1. The nominal composition and the design of the catalysts

Catalyst Catalyst Catalyst Component (mol%)

Name Composition Ni Fe Co Mo Ca0 MgO ALO:
KIST-A Ni / MgO / AlOs 147 115 315
KIST-B Fe / MgO / ALLOs 14.7 115 315
KIST-C Co / MgO / AlOs 147 115 315
KIST-D Mo / MgO / ALO; 147 115 315
KIST-E Ni / Fe / MgO / ALO3; 1176 294 115 315
ICI 57-3 Ni / CaO / AlQO3 12 10 78

volume?  QuantachromeA}d] FH& A% W71, ¥ E 550~750 C, FUEE 4000~

o2 249w, BYFEY E

k=]
(Autosorb-1C)E A}&3le N2 Ez &z

|2
55§ 2 :

2% & MicromeriticsAte] & 24
Z] (Auto ChemIl 2920)& Al&3ted =33
Aok Evle] AAFEE Shimaz A9
XRD (XRD-6000)& AM&3te] ZAMSFH AL,
Zuj THe 44 FE= HitachiAbel SEM
(5-4200) 71712 #F3AY. Azxd Zo
o] & 54L& Table 20) K93ttt

2.3 JI&d9 Iz

50,000 h-1, S/C = 05~3 € O/C = 05~20 9
HES-Z 710l A iso-octane®] AFEAARES HF &
TP 5 Yo AFEH iso-octaned J.T.
BakerAt2Z 7 ¥ A Fekor 3-8 100 ppm ¥
& A8+ iso-octanedl| thiophene(99%+, Acros
Organics) & &33t9 Azt whs A EL
Carbosphere column(®]7 0.0032 m, Zo] 3.048
m, 80/100 mesh)& 338k on-line GC (HP-5890
Series I, TCD)Z ¥4l on HISAYEEL
HP-1 capillary column (2]7d 0.0002 m, Zo] 50
m)o] ZFFE GC/MS (HP5890/5971A, MSD)E
ol-gate] JEE Uttt BE L g

o=

A HE FoE quartz woolZ2 XA H AAE F9 FHol $552] $EF 150 T oy
g8719 FujFol & 5 H2E 60 mi/min®  7FESIA O™, 77 lined] 22t AN 2%
Z2FHA 700 ColA 1 h & AAE 3 o, 7NEAZ A 71 &34

Table 2. The characteristics of the prepared and the commercial catalysts
Catalyst BET Surface Total Pore Ave‘rage Pore Active Metal
Code Area Volume Diameter Surfac_e Area
(m*/g) (cc/g) (A) (m“/g)
KIST-A 28.90 0.2067 286.0 1.030
KIST-B 87.80 0.2276 103.7 0.049
KIST-C 65.74 0.3051 185.6 0.318
KIST-D 87.74 0.2942 134.1 0.281
KIST-E 73.55 0.2116 115.1 1.906
ICI 57-3 35.32 0.0850 96.26 0.789
276 = 2 MUHXEE =28 HI153 X4z 2004 128
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Fig. 1. The product distribution over KIST-A,
KIST-B and KIST-E catalysts for ATR
reaction. Reaction temperature = 700 T,
space velocity = 8776 h-1, and feed
molar ratios of H20/C=3 and O/C = 1.
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Fig. 2. The effect of reaction temperature on the

product distribution for ATR reaction of

iso-octane over the KIST-E and ICI catalysts.

Space velocity = 8776 h-1, and feed molar
ratios of H20/C = 3 and O/C = 1.
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Table 3. Procuct distribution for autothermal reforming reaction of iso-octane over KIST catalysts
represented by the general formula M1/M2/MgO/A1203(M=Ni, Fe, Co, Mo)

Product Distribution (%)

Catalyst Code

Ho Co CO:2 CH4
KIST-A 46.83 43.86 3.03 6.28
KIST-B 58.7 19.57 19.91 2.45
KIST-C 96.22 18.95 20.69 4.13
KIST-D 43.74 22.75 24.24 9.23
KIST-E 62.77 12.75 22.76 1.72
ICI 57-3 63.36 13.77 22.29 0.57
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Sulfur tolerance for the KIST-C and
commercial ICI catalysts in ATR reaction
of iso-octane containing sulfur (Cs = 100
ppm). Reaction temperature = 700TC,
Space velocity = 8776 h-1, and feed molar
ratios of H20/C = 3 and O/C = 1.
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Fig. 4. The XRD patterns of the KIST-E catalysts
before and after the reaction. The used
catalysts are recovered after the reaction for
24 hours. O : NiO, A : MgAlRRO4, @ :
NiC, v :Ni 9)
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Fig. 5. The SEM images of the KIST-E catalysts
before and after the reaction. The used
catalysts are recovered after the reaction
for 24 hours. (a) fresh catalyst, (b) used
catalyst after the reaction of iso-octane
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Fig. 6. Schematic diagram of the on-board fuel processor for fuel cell

powered vehicles applications.
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