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oReport summary (English)

Principal investigator: Hiroshi HARADA, Research Adviser, National Institute for
Materials Science

R & D title: “Development of Direct and Complete Recycling Method for Superalloy
Turbine Aerofoils”

1. Purpose of R & D

By increasing the operating temperature of superalloy turbine blades in jet engines and gas turbines
for power generation, thermal efficiency is improved, and COz2 is reduced by reducing fuel
consumption. However, the higher the operating temperature of the superalloy, the more expensive
elements tend to be contained, and the material cost has been hindering its widespread use. In order
to solve these problems and to fully exert the CO2 reduction effect due to the widespread use of
high-performance superalloys, we will develop direct and complete recycling technology that can
significantly reduce the material cost of superalloys.

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

We have developed "direct and complete recycling” technology for turbine blade superalloys in
order to significantly reduce the actual material cost down to about 1/4 of the current level. The
points of development are the removal (desulfurization) of sulfur that penetrates into the turbine
blade during use and the alloy composition adjustment.

(2) Achievements:

At the Harada and Kawagishi Group of the National Institute for Materials Science(NIMS), we
carried out the desulfurization of used turbine blade superalloy in 2 to 20 kg level using calcia (CaO)
crucibles and also composition adjustment. It was found that creep strength and oxidation resistance
were recovered, and possibility of direct and complete recycling was confirmed. A detailed study of
the desulfurization mechanism was carried out in a small model melting furnace at the Waseda
University Suzuki group, and a rate equation for the desulfurization reaction was created.

Based on these achievements, a simulated 3 ton recycling experiment was conducted in a large
commercial melting furnace in 2017. That is, after adding 23 ppm of sulfur to the molten metal 3ton
of TMS-1700 (MGA1700) alloy for single crystal blade, based on the desulfurization prediction by
the equation, an appropriate amount of CaO granules was added and desulfurized at 1600° C. As
expected, the sulfur concentration could be reduced to 2ppm. In parallel, the alloy composition was
adjusted while also monitoring changes in major elements using an alloy design program. It was
revealed that the single crystal test piece produced from the obtained ingot exhibits the same creep
properties, thermal fatigue properties, high cycle fatigue properties, room temperature fracture
toughness, and better oxidation resistance properties compared with genuine materials. We have
clarified the cause of oxidation resistance improvement by melting in CaO crucible by atom probe
analysis.

Also, for the directionally solidified (columnar grained) superalloy TMD-1700, it was proved by
using a small furnace at NIMS that the same recycling method as the single crystal alloy can be
applied.

(3) Future developments:

It is expected that the developed “direct complete recycling method “(US patent registered) will
be put to practical use for recycling used turbine blades of power generation gas turbines and jet
engines. By cooperating with end users (airlines, electric power companies), manufacturers (power
generation gas turbine/jet engine manufacturers), domestic and overseas ingot manufacturers, etc.,
we will contribute to CO2 reduction through the widespread use of high-performance superalloys.



