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High-Temperature Technology and Materials Innovation for Advanced Waste Treatment Plant
Masayuki Yoshiba

Synopsis: Technological aspect about the waste treatment is at present in the significant turning point from several points of
view, being closely related with the change in the rule and management system associated with waste together
with a demand for protecting against the environmental risk species such as dioxin and so. In the present paper,

some phases of the technical approaches will be demonstrated for establishing the more reasonable waste treat-

ment system enabling the highly increased thermal recovery through an efficiency improvement of waste-to-power

generation by developing the high-temperature boiler. Furthermore, state-of-art about a development of the waste

to grasification and ash melting systems as the more sophisticated system for the next generation by which high

grade of both materials and thermal recovery becomes possible is also presented along with the technical subjects

to be solved. It should be emphasized for the materials innovation to be always one of the key-technology for
realizing such an advanced waste treatment system.

Key words: municipal solid waste (MSW); waste management; recycle; waste incineration; waste-to-power generation; materi-

al and thermal recovery; boiler; high-temperature corrosion; heat-resisting alloys; material innovation.
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Fig. 1. Change in the total quantity of municipal solid waste in Japan
and Tokyo Metropolitan.
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Fig. 2. Dioxin generation processes in the MSW incineration plant” .
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Table 1. Summary of the corrosive damage and countermeasure in principal components of the waste incineration plant'® .
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Fig. 5. High—-efficiency waste—to—power generation system (type
with the external superheater)® .
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Fig. 6. High—-efficiency waste—to—power generation system (type
with the combined gas turbine)? .
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Fig. 7. System flow of the high-temperature and pressure waste—to—power plant? . (Example of Tsukui plant for the NEDO Project)
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to—power generation in Japan.
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with the reheater cycle)? .
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Fig. 10. Schematic illustration showing the temperature dependence
of corrosion rate for steel in waste incineration plant'® .
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Fig. 11. Corrosion reaction processes possible in the steel tube for
waste—to—power generation boiler'® .
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Table 2. Chemical composition and nature of the ashes collected from four cities of the actual MSW incineration plants'” .

1HH AR $ 2 TILA Y TIB| 2 TIILC H$ 7D 4*%53’% 4%%%’)1
Al 3.14 % 3.04 % 31 % 0.96 % 2.56 % 3.80 %
Si 3.14 3.61 5.6 1.65 3.48 5.07
Fe 0.38 0.46 1.1 3.92 1.47 1.72
Na 422 4.01 9.0 11.7 7.23 6.43
K 8.75 5.96 7.3 7.49 7.38 7.77
Ca 13.2 16.9 3.4 3.69 9.30 14.20
1E248RL | Mg 1.20 1.33 1.2 0.51 1.06 1.56
Pb 0.03 0.04 1.1 5.77 1.74 0.78
Zn 0.90 0.75 3.8 4.27 2.43 1.95
T-S 6.22 5.04 11.9 9.29 8.11 13.45
T-Cl 2.02 8.66 0.91 11.7 5.82 2.06
H20 0.5 0.4 - 0.75 — 0.43
(/&) 43.7 50.2 48.41 61.7 50.58 59.22
Eh | 145, 362 170 355.5 372.9, 490.2 141.3,179.8
536.9, 585.8 273.2,285.7
_ 342
AEREH 474 485 378.1,512.8
E | 497 537,508 |712.4 508.7, 553.9 498.6
585.8
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Table 3. Melting point of different kinds of the low—melting chloride
eutectics® .

Eutectic mixture, mole% Melting point,C

25NaCl-75FeCl, 156
37PbCl,-63FeCl, 175
60SnCl,-40KCI 176
70SnCl,-30NaCl 183
70ZnCl,-30FeCl, 200
20ZnCl,-80SnCl, 204
55ZnCl,-45KCl 230
70ZnCl,-30NaCl 262
60KCI-40FeCl, 355
58NaCl-42FeCl, 370
70PbCl,-30NaCl 410
52PbCl,-48KCI 411
72PbCl,-28FeCl, 421
90PbCl,-10MgCl, 460
80PbCl,-20CaCl, 475
49NaCl-50CaCl, 500
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Fig. 12. Corrosion mechanism and affecting factors in retation with
ash deposition on the MSW boiler tube? .
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Fig. 13. Schematic illustration showing ash deposition onto the boil-
er tube and corrosion behavior predictable for the waste—
to—power plant® .

T, CLERRIGHBRINICERISHNERET DT
E3BRELSICBbND, £/-wd LEDeaconXISIC L
51 <TH, FeCl,0FeCl,dB{bIC > TCLOERIS TS
HETHDZENZLDOMRICBENTERBINT\D?,
WITHICEEK, BIEYMRDDEEFEREEZD®REIZRBT
BTENBBETHDN, FOBICIIHODZE EEEDIS
THARZDELHDESICBOND,
PEDESHEBIERA SHREEDRERTERESS
DREBIBERTOERICEDIVT, BRBSRECRID
KOMEHBRREE S ERBEEZRRIINICEKT &Fig.
13K DD, BRI DIBEHEEN B MR T
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#ELREY, BERISHE LU TEHRMRAICRKE DS, LA LT
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Table 4. An example of compositional analysis for the MSW incineration exhaust gas (with partly calculated value).

0, (%) NO, (ppm) SO, (ppm) HCI (ppm) CO(ppm) CO, (%) H,0 (%)
11.3~12.3 77~110 30~75 175~465 80~100 8~10 15~20

Sanyo Technical Report Vol.6 (1999) No.1



FEBEZRVLIE TS MIBITEERRITEMA /=232

L AFig. 1308 [ TRY KO ICERBMIGRICR D/
BEHELEDZEEZXLHANEENTHD, —AMBEMICZ
LWEETIE, CrREEDREICKBREEISMEALY
HIEUIBER T DHEMN DY, REHNT ERGIOXSIIM
RPN ERIFZE(bZERT ZEEHETFREIND?,
ZDEDICBHTBERELRERBEBRIRDIZHICIE
XD TSV NETORB NS T IV DEONT
#aAEBERLTREAEMEHIRA A SO7 7O—F
ICKWHRENLBERINEEREZHBIDIENEBETHD, &
NETORIFERNLD, —RICENEEZOSNDBRER
REBERBWAA R ZAVEZINETDEUTDLDICHE
64.26‘32
(1) RASBERDREICLDBRIBIEDEN 451K
{IEHEREDM -
CRES RO ERTRIBEHRE (T
REURA Z) DFA
- BRI Z-BREA[IDFTRIE
- KORIEBIC KD H ZFRRIEE - $93~5 m/sA
v
IR ZRE DR - $9620~650C AT
- BB ZRDERL  BRAMDBELE
R E S AT LADREIL  TOT O Y DHERE,
B> vEIRE
(2) BRBERIENIC KB/ RFEK[DUWE -5 ICSHEDEM-
- BEEMICRE LR EERBEIEDE K EEIC X DI
MRE DR
(3) EMBEMMES 2T LD
ZOS5BHEIC (1) ICEALTE&EE, SUS 31027
L ZDBRBRREH0.6mm/yIZEMFICHZ5ND K
SBREBH S ZRE—EIBERMSEE L TFig. 14I2RT &K
SHHA RSAVHEREDOD IO TV MRARMRE LT
BgoncTi\a¥,

| 2%

—8— Mod. 310(310+Si, Mo)
--Mod. 310(310+Nb)

Flue gas temperature (C)

D

o

o
1

580 PEEPERE BT | PR U S
250 300 350 400 450

Steam temperature (C)

500

Fig. 14. Guideline for the flue-gas and steam temperatures pre-
dictable for the maximum rate of boiler tube thickness
loss within 0.6 mm/y for the modified 310 class stainless
steels on the basis of probe test in actual MSW incinera—
tion plant®’ .
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Fig. 15. Temperature dependence of the maximum depth of attack
for various practical alloys (from the salt coating test for
96h)=
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Fig. 17. Different measures of corrosion attack depth for various
steels and alloys subjected to the actual furnace gas test
at gaseous temperature (T,) 660°C in average for 96h* .
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Fig. 18. Typical corrosion morphology observed at the cross—
sectional surface zone of 5ONi-50Cr alloy specimen sub-
jected to the actual furnace gas test at gaseous tempera—
ture (T,) 660°C in average for 96h* .
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Fig. 19. Possible models for inducing the intergranular attack
observed for austenitic steels and alloys in high—-temper—
ature corrosive environment with containing chloride
compounds® .
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Fig. 20. Isocorrosion contour about the maximum depth of attack
obtained from the the actual furnace gas test at gaseous
temperature (T,) 660°C in average for 96h, along with
the isothermal Fe-Ni—Cr phase diagram®® .
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Table 5. Various alloys proposed for superheater tube applicable
for the 450°C class steam of the modern high—efficiency

MSW power plant.
ltem Principal alloy chemistry (mass%)
SUS 310 Fe-25Cr-20Ni

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

(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

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

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

* Steels newly developed in Japan
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Fig. 21. Effect of alloy composition on the maximum corrosion loss
of various alloy probes in the exposure test of actually
operating MSW incinerators. Different symbols of points
indicate the data from four cities of incineration plants*’ .
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Fig. 22. Flow of the direct waste gasification and melting system.
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Fig. 24. Flow of the fluidized bed type waste gasification and ash melting system.
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Fig. 25. Temperature dependence of thermal decomposition for
different sorts of materials together with MSW in terms

of mass loss®” .
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Fig. 26. Different kinds of materials recovered from MSW by the
FB type waste gasification and ash melting plant.
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