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oReport summary (English)

Principal Investigator: Shimane University, Professor Kohji Omata
R & D title: Internal Condensation Reactor System for Methanol Synthesis with High
Efficiency

1. Purpose of R & D

By developing a methanol production process using an internal condensation reaction system,
reduction of greenhouse gas emissions due to improvement of process efficiency can be achieved
when synthesis gas is used as the raw material. When carbon dioxide gas is utilized as carbon
source, the direct and efficient reduction of greenhouse gas is targeted.

2. Outline of R & D

(1) Contents:
Since the single stream conversion is limited in the methanol production process due to
thermodynamic constraints, the process has to be an energy-intensive one.

In this research, we designed and prototyped various internal condensation reactors, demonstrated
that the limit of equilibrium conversion was overcome, and tried to understand the internal
condensation phenomenon by simulations. LCA evaluation was performed according to the reactor
and process aspect confirming the superiority of this process.

The catalysts were also continuously improved to prevent the deterioration by the development of
the catalyst. In the case of using carbon dioxide as a raw material, additives, hydrophobic coatings,
non-copper-zinc systems were applied , because the deterioration of the activity of the copper-zinc
based catalyst, conventionally used in the industrial process, is accelerated because of by-product
water.

(2) Achievements:
A novel internal condensation reactor system was applied for highly efficient methanol synthesis
process.

In the process using synthetic gas as raw material, the single stream conversion rate of CO was over
95% at 4MPa, and the stage gate target was cleared. The reduction amount of GHG gas was
quantitatively evaluated by LCA.

When carbon dioxide was used as the raw material, the single stream conversion rate of CO, was
over 95% at 3MPa. The results exceeded the initial target. The simulation clarified the mechanism to
achieve the high conversion.

(3) Future developments:
As a direct carbon dioxide gas utilization process, scale-up of the reactor from lab scale is inevitable.

For this purpose, we will continue in-situ measurement of gas diffusion rate and condensation rate of
methanol inside the reactor, and try to improve simulation accuracy to understand internal
condensation phenomenon in detail.



