HYDROGEN PRODUCTION BY AUTOTHERMAL SYSTEM
OVER Ce/Zr MIXED OXIDES

Ms. Thitipom Jundee

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science
The Petroleum and Petrochemical College, Chulalongkom University
in Academic Partnership with
The University of Michigan, The University of Oklahoma,
and Case Western Reserve University
2001
ISBN 974-13-0685-7

I 1 7T ¢cct 10 .. 2



Thesis Title: Hydrogen Production by Autothermal System over
Cel/Zr Mixed Oxides

By: Ms. Thitiporn Jundee
Program: Petrochemical Technology
Thesis Advisor: Prof. Johannes Schwank

Asst. Prof. Thirasak Rirksomboon

Asst. Prof Vissanu Meeyoo

Accepted by the Petroleum and Petrochemical  College,
Chulalongkorn University, in partial fulfillment of the requirements for the

Degree of M aster of Science.

............................................................................... College Director

(Assoc. Prof. Kunchana Bunyakiat)

Thesis Committee:

(IProf. Johannes Schwank)

(Asst. Prof. Thirasak Rirksomboon)

(Asst. Prof. Vissanu Meeyoo)

1. N
(Assoc. Prof. Sumeath Chavadej )



([ (Hydrogen Production by Autothermal System

over Ce/Zr mixed oxides) L
97 ISBN 974-13-0685-7

steam reforming

partial oxidation

steam reforming

coke gasification

sol-gel

/

SEM, XRD FT-Raman spectra
octane oxidation 1
iso-octane oxidation

5%Ni/Ce0mZriA 2

partial oxidation

steam reforming

/
water-gas shift
/
/
BET,
IS0-
Ce0MmZr020 2



ABSTRACT

4271024063: PETROCHEMICAL TECHNOLOGY PROGRAM

Thitipom Jundee: Hydrogen Production by Autothermal
System over Ce/Zr Mixed Oxides.
Thesis Advisor: Prof. Johannes Schwank, Asst. Prof. Thirasak
Rirksomboon, and Asst. Prof. Vissanu Meeyoo, 97 pp ISBN
974-13-0685-7

Keywords: Hydrogen Production/ Steam Reforming/ Autothermal System/
Sol-Gell CelZr Mixed Oxides

An autothermal system, which is a combination of the partial
oxidation and steam reforming processes operated simultaneously in a single
reactor, can be an alternative to the hydrogen production. Heat dissipated from
partial oxidation will be provided for steam reforming whereas coke formation
can be eliminated in the presence of 0 2. Since Ce/Zr mixed oxides were found
to promote the steam reforming and water-gas shift reaction as well as coke
gasification, this makes it possible to exploit such mixed oxides in the
autothermal system. In this work, Ce/Zr mixed oxides were prepared by sol-
gel technique. The effects of Ce:Zr molar ratios, urea concentrations, drying
methods and Ni loading were investigated on the catalytic properties of Ce/Zr
mixed oxides. The catalysts were characterized using a BET surface area
measurement, SEM, XRD and FT-Raman spectra. The catalyst performance
was tested via iso-octane oxidation at a constant 0 2/C ratio of 1 It was found
that Ceo0.75Zr0.2502 exhibited the highest catalytic activity. The Ce0.75Zr0.2502
dried under supercritical conditions has bigger pore sizes and higher pore
volumes than that dried by conventional method. For autothermal system
studies, the effects of H20/C and 0 2/C ratios on s%Ni/Ce0.75Zr0.250 2 can be

served in which H2/CO ratio increases with increasing H20/C and 0 2/C ratios.
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