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Carbon Neutralization of Energy and Liquid Fuels

Hideshi Iki

Technology Strategy Office, Central Technical Research Laboratory, ENEOS Corporation

As efforts toward carbon neutrality progress, reducing and decarbonizing the transportation sector, which is
said to account for 20% to 30% of Japan’s CO, emissions, is an important issue. Electricity and hydrogen are
becoming increasingly popular in fields such as automobiles and trucks, and decarbonization is expected to
accelerate through carbon-neutral fuels. On the other hand, in order to achieve carbon neutrality in the aviation
and maritime sectors, it is difficult to replace liquid fuels, and efforts including technological development are
required. There are three main carbon-neutral liquid fuels: petroleum-based fuels with decarbonization measures
(carbon offsets), biofuels made from biomass resources, and synthetic fuels made from CO,-free hydrogen and
CO; that meets certain requirements. Here, we will discuss the background, trends, and challenges toward carbon
neutralization of energy and fuel, using initiatives in the transportation field as an example.

Key words: biofuel, synthetic fuel, SAF
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Fig. 1. Structures of tungsten trioxide polymorphs.
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Fig. 2. Structure of micropores in hexagonal tungsten

oxide crystals.
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Fig. 3. Issues and ideal structure for hexagonal tungsten oxide membranes.
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c,: Planes parallel to c-plane
V h-WO3 ¢, : Planes perpendicular to c-plane
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Fig. 4. Crystalline phase (-1) and morphology (-2) of products obtained using different acids: Hydrochloric acid (a), sulfuric
acid (b) and acetic acid (c) .
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Fig. 5. Synthesis procedure of hexagonal tungsten oxide membrane.
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¢, : Planes parallel to c-plane
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XRD (-1) and FE-SEM image (-2) of membranes obtained using different conditions: Acetic acid without seeding (a),

Fig. 6.

hydrochloric acid without seeding (b) and acetic acid with seeding (c) .
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¢, : Planes parallel to c-plane

V h-WQ; ¢, : Planes perpendicularto c-plane
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Fig. 7. XRD (-1) and FE-SEM image (-2) of membranes obtained using synthesis solution with different amount of sodium
tungstate dihydrate: 1.15 g (a), 1.65 g (b), 1.98 g (¢) and 2.30 g (d) .
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Fig. 9. Water/Acetic acid separation performance of hexagonal tungsten oxide membranes via pervaporation.
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Potential of C-plane Aligned Hexagonal Tungsten Oxide Film
as a Molecular Sieve-type Separation Membrane

Takeshi Hagio™ **, Hiroto Kunishi**, Shintaro Wada™*, Toshihiro Terao™*,

Sora Kinoshita®*, Vanpaseuth Phouthavong™™ *** Supinya Nijpanich™* ****
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** Department of Chemical Systems Engineering, Graduate School of Engineering, Nagoya University
*#* Department of Chemistry, Faculty of Natural Sciences, National University of Laos, Laos
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Separation membranes are attracting increasing attention because they can contribute to realizing a carbon neu-
tral and sustainable society through energy reduction of energy-consuming separation processes and through re-
cycling of resources. Among numerous research elements on this topic, research on membrane materials is one
topic of importance because it determines their separation characteristics. A group of inorganic crystals with mo-
lecular-sized micropores (microporous inorganic crystals), also called molecular sieves, are promising separation
membrane material candidates. Among them, the authors have proposed hexagonal tungsten oxide as a potential
molecular sieve-type membrane material. Because this material possesses uniaxial pores parallel to its crystallo-
graphic c-axis, c-plane oriented hexagonal tungsten oxide membrane is expected to function as a molecular sieve
type-separation membrane; however, its application as a separation membrane material has not been considered.
Here, we introduce our recent attempts on challenging to synthesize dense c-plane oriented hexagonal tungsten
oxide film, and the experimental results seeking its possibility to apply as liquid/liquid and/or gas/gas separation
membranes. The obtained membrane was confirmed to selectively separate water from a water/acetic acid mix-
ture. Furthermore, results on the permeability of various liquids and gas molecules implied that the membrane
functions as a molecular sieve-type separation membrane for small molecules through utilization of its micro-
pores. This discovery is expected to contribute to expanding options for membrane materials.

Key words: hexagonal tungsten oxide, microporous inorganic crystal, membrane formation, separation mem-
brane, molecular separation
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Controlling Physical Properties of Metal-organic Frameworks
by Filling Ionic Liquids

Ichiro Ohira, Sang-Gyu Koh' and Kentaro Kinoshita

Department of Applied Physics, Faculty of Advanced Engineering

Present address: Murata Manufacturing Co., Ltd.

Metal-organic frameworks (MOFs) are self-organized with metal ions and organic ligands, and are expected to
have a wide variety of applications due to their high structural designability. However, there are still few practical
examples. The main reason is that structural stability cannot be guaranteed due to “structural deterioration due to
moisture absorption” and “low mechanical strength.” In this study, we synthesized mm-sized large Cus (btc) sin-
gle crystals, and executed X-ray structural analysis and hardness estimation by nanoindentation method, before
and after filling ionic liquid ( [Cymim] [Tf;N] ). As a result, it was elucidated that both of these drawbacks can
be improved by introducing [C;mim] [TH;N].

Key words: metal-organic frameworks, ionic liquids, composite material, moisture resistance, mechanical

strength
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