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State-of-Art about Material Development for Waste Treatment Plant

-Function and Subjects as Foothold for Supplying Energy-

Masayuki Yoshiba

Synopsis

High efficiency waste power generation technology has been developed so much in Japan since the 1990s, mainly through

highly corrosion-resistant material development against complicated corrosive environments of waste-to-power boilers. In the

present study, a historical background is reviewed of the waste power generation technology, and the corrosive environment

is characterized by the dominating oxy-chlorination reaction. Then, countermeasures against the corrosive attack are
demonstrated from the various viewpoints of boiler design, control of the combustion environmental condition and development
of the corrosion-resistant materials. Namely corrosion-resistant steels and alloys developed in Japan are demonstrated together

with the alloy design concept. Furthermore, future prospects and subjects are referred to.
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Fig. 3. Schematic drawing of high efficiency waste power generation plant system; typical example of Tsukui
plant for NEDO proof test.
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Fig. 4. Temperature dependent of corrosive damage for carbon steel heat exchanger tube

in waste incineration plant environment.
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Teble 1.

Oxides @)

(AL Si,Fe,Pb,Zn-)
Chlorides s
(Na,K,Ca,Pb,Zn~)
Sulphates @
(Na,K,Ca,Pb,Zn-)
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Different kinds of eutectic chloride compounds and melting points.'?

Eutectic mixture, mole % Melting point, °C (°F)

25NaCl-75FeCl, 156 (313)
37PbCl,-63FeCl; 175 (347)
60SnCl,-40KCl 176 (349)
70SnCl,-30NaCl 183 (361)
70ZnCl,-30FeCl; 200 (392)
20ZnCl,-80SnCl, 204 (400)
55ZnCl,-45KCl 230 (446)
70ZnCl,-30NaCl 262 (504)
60K Cl1-40FeCl, 355 (671)
58NaCl-42FeCl, 370 (698)
70PbCl,-30NaCl 410 (770)
52PbCl,-48KCl 411 (772)
72PbCl,-28FeCl, 421 (790)
90PbCl,-10MgCl, 460 (860)
80PbCl,-20CaCl, 475 (887)
49NaCl-50CaCl, 500 (932)

N, O, SO, HCI H,0
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Fig. 5. Schematic illustration showing development of corrosion environment by both

different kinds of ash deposition and flue gaseous species, together with different

types of possible corrosion scenario (kinetics).
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Fig. 6. Guideline for waste-to-power boiler design to
control corrosion metal loss rate with less than 0.6

mm/year for 310 class stainless steels.
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Teble 2. Different kinds of corrosion-resistant steels and
alloys for superheater tube applicable to 400
and 500 °C class steam.

‘ for 400 to 450°C Class Steam

Item Principal Alloy Chemistry (mass%)

Fe-25Cr-20Ni

HR 3C (SUS 310J1)* Fe-25Cr-20Ni-0.4Nb-N

NF 709R (SUS 310J2)*  Fe-22Cr-25Ni-1.5Mo-0.15Nb-N-low C
QSX 5* Fe-25Cr-23Ni-3Si-1.2Mo-Nb-N-low C
QSX 3* Fe-25Cr-23Ni-3Si-Nb-N-low C

YUS 170 (SUS 309J1)* Fe-25Cr-13Ni-1Mo-N-low C

HR 2M (SUS 309J2)* Fe-22Cr-14Ni-1.5Mo-N-low C

SUS 310

HR 30M* Fe-28.5Cr-30Ni-1Mo-N-low C
HR 11N* Fe-28.5Cr-40Ni-1Mo-N-low C
Alloy 825 Fe-22Cr-42Ni-3Mo-3Cu-0.8Ti

‘ for 500°C Class Steam

Item Principal Alloy Chemistry (mass%)
Alloy 625 Ni-21Cr-9Mo-4Nb-3.5Fe
Alloy C22 Ni-22Cr-13Mo-3W-2.5Co-4Fe
JHN 24* Ni-20Cr-18Mo-0.7Nb-2.5Fe
MAC-N* Ni-26Cr-3.5Si-0.3Nb-11Fe
MAC-F* Fe-38Ni-23Cr-3.8Si-0.3Nb

* Steels and Alloys newly developed in Japan

Fig. 7. Secondary electron image (SEIl), backscattered electron image (BEI) and characteristic x-ray images

by EPMA of both major alloying elements and environmental elements penetrated into alloy substrate

of 50Ni-50Cr alloy subjected crrosion test in gas flow environment of actual plant at 660 °C for 96 h.
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Fig. 8. Surface appearance of Alloy 625 superheater
tube subjected to pitting like hot corrosion attack
for ca. 5 years (37000 h) in NEDO proof test at
Tsukui waste-to-power genaration plant.
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