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Manufacturing Light Olefins as Key Petrochemical Feedstocks
from CO/CO:

Takashi Tatsumi
National Institute of Technology and Evaluation, Professor Emeritus, Tokyo Institute of Technology,

ttatsumi(@cat.res.titech.ac.jp

Lower olefins in the range of C,-C4 are key petrochemical feedstocks and converted to useful
polymers and value-added chemicals. Currently, they are mainly manufactured by naphtha
cracking in Southeast Asia and Europe. Considering the prospective depletion of fossil fuels
and environmental legislations against impending climate change quite possibly due to
anthropogenic CO: emissions, we must develop a sustainable system of utilizing renewable
carbon resources instead of fossil resources. The ultimate carbon resource would be CO-, if we
could obtain CO:-free H,. While we need to exert every effort to make “solar H,” by water
splitting with sunlight, in this study, we explored several possible ways to convert CO; to lower
olefins.

Since 2012, the 10-year project named “Artificial Photosynthetic Chemical Process (ARPChem)" has
been in progress under the support of NEDO in Japan. The project is composed of three subjects as
follows: (A) Catalytic water splitting under visible light to produce H»> and O»; (B) Safe separation
of H» from the explosive gas mixture; (C) Production of lower olefins from CO» and solar H».

We are striving to establish industrially applicable technologies to produce lower olefins as chemical
raw materials from CO; and solar Hz. Since COzcan be converted to CO by the reverse water-gas shift
reaction, we can utilize proven technologies that are applicable to syngas conversion. Following three
types of synthetic process were investigated. (a) FT process directly producing lower olefins in high
yields; (b) FT/cracking combined process; (¢) MeOH synthesis/MTO (MeOH to Olefin) combined
process. Although direct conversion of CO> without intervening water-gas shift reaction should be also
sought after, we need to point out two problems with this route, namely, (1) unfavorable equilibrium

of its reduction compared to reduction of CO; (2) formation of water that may poison the catalyst.

Among these the process (c) has been found to be most promising for obtaining lower olefins from
COs. Although both methanol synthesis and the MTO process are generally believed to be well-
established technologies, it is necessary to develop an innovative technology for olefin production

from the viewpoint of the compatibility with the conventional fossil resource based processes,

9
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production efficiency, and reduced CO> emission. In the conventional technology for MeOH
synthesis from syngas, the MeOH yield is limited by the thermodynamic equilibrium. To overcome
this problem, we propose a catalytic reactive separation process by means of ceramic membranes.
For the MTO reaction, optimization of zeolite structure and composition and reaction conditions
enabled us to achieve the interim (2014FY) goal of 70% in the lower olefins yield. We are now
developing zeolite catalyst systems for manufacturing ethylene, propylene or butenes in response to
demand. By employing olefin interconversion, recycling and membrane separation in addition to
improvement in productivity in methanol conversion, we are aiming at attaining 70% in the yield of
each olefin on demand.
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Mesoporous Silica Materials for Applications

Chung-Yuan Mou (£ ¥ R)

Department of Chemistry and Center of Condensed Matter Research

National Taiwan University

Mesoporous silica offers promising possibilities for many applications, including biomedicine,

catalysis, and adsorption. This talk reviews research developments in the synthesis and applications

of mesoporous silica from my laboratory at National Taiwan University. I will discuss:

1.

The control of morphology(thin film, nanoparticle and hollow spherical) and surface
functionalization in synthesis of mesoporous silica.

Large Area silica thin films(MSTF) with vertical orientation of pores were synthesized in free-
standing and supported form. The formation of the film is a result of the confinement effects of a
silica deposition vesicle and silica transport vesicle which is in analogy to the formation of the
silica frustule of diatom.

Confined Water: Water confined in mesopores can be supercooled to 200 K without crystallization.
We then studied the peculiar properties of supercooled water with various scattering techniques.
Catalytic Applications of mesoporous silica: The nanospace of MS provides confined space for
various catalysts including gold-based nanoparticles, enzymes and enzyme-mimic metal
complex. In a bio-inspired approach, encapsulating enzymes in mesoporous silica nanocarriers to
create an optimal nanospace mimicking intracellular organelles will be discussed.

Biomedical applications of nanoparticles: Research into the rational delivery and targeting of
pharmaceutical, therapeutic, and diagnostic agents is at the forefront of nanomedicine. We are
developing mesoporous silica nanoparticle(MSN) as a multifunctional vehicle for the purpose
because its mesopores can carry high loadings of protected proteins and drugs for therapeutic

delivery.
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