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| Target and Strategies

 Production of Chemicals under Carbon Neutral Society
« Energy Saving
 Hydrogen Saving
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| Target and Strategies
Strategy 2

Feed CO, to the conversion reaction system using

elements of reaction

A+CO,> P + e [\ |
Substrate Product 1:: . i
AR T E RIGO#ST
Substrate T Catalyst
Reactant converted to Accelerates the
yield the product reaction
Dual Function Materials (DFMs)
amines:  absorbent+ Substrate
CeO.: Adsorbent + Catalyst
2
LDH:

A+C02< >I:)+

Conversion Enhancer

Removes byproduct, shifts the equilibrium

Adsorbent + Conversion Enhancer (+ Catalyst)

2020-2022 : Understand characteristics of various DFMs.
Explore process structures to unleash the potential of process systems

intensification realized by the DFMs.



IReference DAC/CCU process 4
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A double effect distillation plant,
Wikipedia commons, CC 3.0

Processes in red are known to be energy intensive!



Iquad-C: Combined Carbon Capture and Conversion

DFMs allow integration of Capture and Conversion processes,

eliminating Desorption process

Reference process
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|Work items and current achievements

Exploration of reactants and catalysts (ERC)

v’ Various substrates (Amines, Alcohols)

v Yield enhancement, reaction rates, control over selectivity

v Influence of impurities, degradation of catalysts

v CO, sorption mechanisms (quantity, stability) , reactivity, desorption of
products in relation to various conditions/procedures
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Prof. Tomishige Prof. Yabushita Prof. Tamura
Tohoku University Tohoku University Osaka City University

Successfully yield urea Improved understanding on:
derivatives by feeding catalysts * How CO, is adsorbed on the surface
with various amines and alcohols * How stable is the adsorbed COZ

i -+ H trol the structure of
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| Work items and Current Achievements 7

» Reaction processes (RP)

Type | Type Il 1l

> Membrane (Gas/Gas) > Capture from air or water using
> Avoid loss of DFM solid DFM, remove by feeding substrate
» Membrane (Gas/Liquid) to cause reaction

- Drive separation by reaction

v' Explorati f DFM d Evaluate th
with DFM on permeate side XpIOTAtion © > ant bvailate e

correlation between:

v’ Discovery of mechanisms « Capacities : sorption, catalyzing,
» Selective sorption of CO, repetitive use, durability
« Conditions : CO, conc., Temp., LDH

 Release of CO2 on permeate side oreparation. LDH pelletization, moisture,

reactants

Establish foundations for high performance modules
» Module development (MD)

Type | Type Il, 1l

> Membrane fabrication » Parameters to design the column
> Optimization (thickness, etc:-) > Continuous column experiments with
> Simulation varied scales

> Simulation
Process for feeding the substrates with CO,

Acquire original data for connecting the modules




| Work items and Current Achievements 3

» Reaction processes (RP)

Type Il, Hl

» Capture from air or water using
solid DFM, remove by feeding
substrate to cause reaction

v’ Exploration of DFMs and Evaluate

the correlation between:

« (Capacities : sorption, catalyzing,
repetitive use, durability

« Conditions : CO,conc., Temp.,
LDH preparation. LDH palletization, moisture, reactants

CO, sorption and desorption

Prof. Kameda Adj. Prof. Uchida
Tohoku Univ. Tohoku Univ.

CO, recovery rate and ratio at
Desorption at low concentration ?
which T for which

adsorption type ?
Influence of

moisture?

Confirmed and quantified intermediate substance produced when
CO,-adsorbed-LDH is fed by the substrate.



| Work items and Current Achievements 9

»Module development (MD)
Type II, Ili

> Data for column system design
> Experiments with varied scale

> Simulation
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| Work items and Current Achievements 10

D Process simulation and Technoeconomic assessment (PSTEA)

Reference Process
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Prof. Fukushima
Tohoku University

Prof. Ni
Tohoku University
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Adj. Prof. Matsuda
Tohoku University
(Yamagata University)
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|Final Target (2029) 12

Construct Pilot Plant :

« Acquire data and process design that leads to commercialization for one or more carbonyl-containing
compound with low energy consumption

« Set up foundation for experiments/simulation for designing other quad-C processes
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