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oReport summary (English)

Shigeniro NISHIJIMMA,

Fukui University of Technology, professor

Removal of iron oxide scale from water supply system in thermal power plant by magnetic
separation method

1. Purpose of R & D

In this research, we aim to remove iron oxide scale generated in the water supply system of thermal
power plants, suppress the decrease in power generation efficiency, and reduce CO, emissions. In
order to realize this scale removal, the purpose is to research and develop a superconducting high-
gradient magnetic separation system.

In thermal power plants, especially coal-fired power plants, iron oxide scale accumulates in the
water supply system during operation, and the power generation efficiency decreases results in the
increase of amount of CO, emission. In order to prevent the accumulation of the iron scale, chemical
cleaning is currently carried out regularly to remove the scale. Therefore, if the accumulation of the
scale can be prevented, it is expected that the decrease in power generation efficiency will be
suppressed and the increase in CO; emissions will be suppressed.

In this study, this iron scale is to be removed by the superconducting high-gradient magnetic
separation method. The purpose of this research is to develop a superconducting magnetic separation
device for preventing increase of CO, emission.

At thermal power plants, water supply treatment is originally performed for the purpose of
preventing scale adhesion, but even so, the generation of scale cannot be suppressed completely and
it is considered to be an essential problem. The water supply treatment is roughly divided into the “all
volatile treatment (AVT)” and the “oxygen treatment (OT)”. Since the generated iron oxide scale is
different for each, the magnetic separation device is also different. In AVT, the main scale is magnetite
(ferromagnetic material), and in OT, hematite (paramagnetic material). The goal is to develop a
superconducting magnetic separation device suitable for each.

2. Outline of R & D
(1) Contents:

Regarding AVT, Shikoku Research Institute Inc. took the lead in examining the identification of an
appropriate place of magnetic separation system for actual introduction into a thermal power plant.
This was performed by collecting and analyzing scales from various parts of the water supply system
of the power plant. In addition, the National Institute for Materials Science (NIMS) has devised a
system to solve the problem of mass capture of scale. It could be realized by devising the installed
magnetic filter. Osaka University experimentally confirmed the proposal, and Fukui University of
Technology observed the capture process. Based on these results, Ebara Industrial Cleaning Co., Ltd.
introduced a superconducting magnetic separation system into the chemical cleaning process of
thermal power plants and conducting separation experiments on the actual iron oxide scale

Regarding OT, NIMS showed the possibility of magnetic separation by simulation, and Osaka
University made a simulated scale and conducted a magnetic separation experiment. In addition, Fukui
University of Technology proposed a new magnetic filter with a triangular cross section. Furthermore,
Shikoku Research Institute Inc. and Ebara Industrial Cleaning Co., Ltd. chemically cleaned the pipes
to which the actual scale was attached, and magnetic separated of the scale using an electromagnet.



(2) Achievements:

Regarding AVT, we carried out real-scale magnetic separation in the chemical cleaning loop of the
water supply system of the thermal power plant and confirmed that the superconducting magnetic
separation system can be operated in the field. As expected, a large amount of real ferromagnetic iron
oxide scale was demonstrated to be able to be separated with high efficiency. Although this experiment
was not an experiment during the operation of a thermal power plant, this experiment revealed that
the superconducting magnetic separation system exerts its performance even in the water supply
system of the thermal power plant.

Regarding OT, it was confirmed that magnetic separation is possible even in OT by neans of a
magnetic separation experiment using actual iron scale in the chemical cleaning loop. In addition, it
was predicted from the simulation that separation would be possible with a 6T superconducting magnet
in practice, and it was also demonstrated experimentally. As a further possibility, a triangular cross-
section filter has been proposed.



