
chemical engineering research and design 9 0 ( 2 0 1 2 ) 1292–1296

Contents lists available at SciVerse ScienceDirect

Chemical  Engineering  Research  and  Design

journa l h o me  pa ge: www.elsev ier .com/ locate /cherd

Catalytic  pyrolysis  of  Athabasca  bitumen  in H2 atmosphere
using microwave  irradiation

Sang Goo Jeona,d, No Sang Kwakb, Nam Sun Rhoa, Chang Hyun Koa,
Jeong-Geol Naa,∗, Kwang Bok Yic, Seung Bin Parkd,∗∗

a Climate Change Technology Research Division, Korea Institute of Energy Research, Daejeon 305-343, Republic of Korea
b Green Growth Laboratory, Korea Electric Power Research Institute, Daejeon 305-760, Republic of Korea
c Department of Chemical Engineering Education, Chungnam National University, Daejeon 305-764, Republic of Korea
d Department of Biomolecular and Chemical Engineering, KAIST, Daejeon 305-701, Republic of Korea

a  b  s  t  r  a  c  t

Microwave-assisted catalytic pyrolysis was carried out for upgrading of Athabasca bitumen. The bitumen can be

heated  to the desired target temperature (430 ◦C) for pyrolysis with silicon carbide (SiC), a heating element, in approxi-

mately 10 min  under microwave irradiation. However, the pyrolysis with SiC only resulted in heavy and viscous liquid

product having an API gravity of 17.14◦. Addition of Nickel and Molybdenum nanoparticles as catalysts enhanced

the  pyrolysis performance in terms of liquid yield and quality. In the pyrolysis with Mo nanoparticles, the yield

and  the API gravity of the liquid product were 72.0 wt% and 20.98◦, respectively. However, the separate existence

of  nanoparticles and SiC in the reactor and the recovery problem of nanoparticles, might limit their application in

microwave-assisted pyrolysis. In order to prepare a composite with microwave susceptibility and catalytic activity

in  one body, transition metals were loaded on alumina coated SiC. When it is compared to the direct application

of  metal nanoparticles to the pyrolysis of bitumen, the NiMo/Al2O3/SiC catalyst showed enhanced catalytic perfor-

mance.  The API gravity and sulfur contents of the liquid products from the pyrolysis with NiMo/Al2O3/SiC were 22.42◦

and 2.84 wt%, respectively.
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1.  Introduction

Concerns about the declining availability of conventional
crude oil have led to the development of heavy crude, such as
tar sands, natural bitumen and oil shale. Heavy crude reserves
are approximately equivalent to one third of the world’s total
oil and gas reserves (Chilingarian, 1978) and their success-
ful development could offset the decreasing production of
conventional crude. Unfortunately, it is impossible to exploit
heavy crude as it is because of its high density, viscosity and
impurities. Therefore, a number of carbon-rejecting processes
such as coking and visbreaking, and hydrogen addition pro-
cesses including hydrocracking have been developed and used
on a commercial scale (Furimsky, 2007).
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Upgrading processes for heavy crude are generally oper-
ated at high temperature except for solvent deasphalting (Del
Bianco et al., 1993; Rana et al., 2007). The objectives of the
upgrading processes are to maximize light fractions through
thermal treatment as well as to remove impurities; it is, there-
fore, necessary to control the reaction temperature precisely to
suppress over- or under-cracking in the reactor. The develop-
ment of new types of reactors with increased efficiency for the
processing of heavy crude has been continuously attempted
(Leadbeater and Khan, 2008; Wang et al., 2008). In this study,
we adopted microwave irradiation for effective heat transfer
and simple reactor design.

Microwave irradiation has been drawing increasing atten-
tion as a way of facilitating chemical reactions. It is often
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