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Demonstration Test of New Corrosion-resistant Boiler Tube Materials in
High Efficiency Waste Incineration Plant

Yuuzou KAWAHARA, Norihiko ORITA, Kazuyoshi TAKAHASHI and Yuuji NAKAGAWA

Synopsis : In order to develop a 9.8 MPa/500°C highly efficient waste incineration boiler with 30% electric efficiency, application of highly corrosion-

resistant materials for superheater and corrosion-resistant coatings for waterwall are indispensable. Corrosion life of six conventional and six

newly developed superheater tube materials and two waterwall coatings were evaluated for two years in the NEDO waste incineration pilot

plant. As the results of the test, an excellent durability of more than six years for Ni-Cr—Mo alloy seamless and composite tubes of tertiary

superheater, for Ni-Cr-Fe alloy tubes and cermet spray coating of secondary superheater and for alloy625 weld overlay and NiCrSiB alloy

HVOF coatings of waterwall were clarified. Also the corrosion rate equation capable of corrosion life estimation was suggested by multiple

regression analysis. Particularly, an addition of Mo to Ni base alloy was effective to prevent corrosion in severe corrosive conditions. Further-

more, the effect of corrosion factors that important to design the plant, i.e. soot blower effect, gas/metal temperature, time dependence of cor-

rosion thickness loss etc. were clarified quantitatively.

Key words: waste incineration boiler; high-temperature corrosion; corrosion mechanisms; corrosion-resistant materials; weld overlay; metal splay coat-

ing; Ni-Cr-Mo alloy; boiler tube.
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Table 1. Chemical compositions and mechanical properties of conventional and new superheater tubings and positions in pilot plant.
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Fig. 1. Sectional view of NEDO high-efficiency waste in-
cineration boiler and examination position of cor-
rosion-resistant materials and coatings.
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Fig. 3. Chemical compositions and melting points of ash

deposited on waterwall tube of first and secondary
gas pass.
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Fig. 9. Microstructures of 50%TiO,/50%Alloy625 HVOF coating tubes in 2nd
superheater after 13800 h exposure.

- | | Soot Blower Not
: Affected Zone (A)
o 3
3
-
-~ 2 _
£ Pr > ?
E »
§ 1
O —

: e — ¢
2 ol N
c
-5 | Soot Blower Range of Gas Temp.
r Affected Zone (B) O: 461 - 513°C
L N P:627 -~ 588°C [
5 | ®: >621°C
3 J
E A d
]
Q L 7 /
£ >
g 2 > Y
= I
S o

1

)
P
° 1 . ; ) . . L
420 440 460 480 500 520

Metal Temperature / °C

Fig. 11. Change in maximum corrosion thickness loss of
alloy 625 with metal temperature.

A, MBS, MtRIEEETSERE 55,
Z—bT7O—=FIEEhS5 A BEOEE, BUSHORE
IBIREEEL 2 r — LA, MR EMEOBRA S
9729, BEEEOREERKLE L TERELEALOND,
ZORIZCEEMRERA SREIZB T 5 EEE R ILE
0y, L8y, VBN ERSHAICEE L TRET 5720
MThHD, SHESICHABRHROERNMAIN L X h
T ZEH#WFELO,
(3) FABE

Fig. 13123 R B L V2R X —/8—k — 2 ZakBEM DO &
B 2 B B R O O F SRS ML & 4, Alloy625, C-
276MPE%, HC-22H 2 10 um il OB M AR RE LR
5hb,

549 I



. 550

$% & 48 Tetsu-to-Hagané Vol. 87 (2001) No. 8

KRELZRDEFMZED —EOEKS L — P (304H%)
THRRBEDIEGERRZ AR 6N S -0, KREIC AL
T 5 FikBEM OBIHATES (EALAVLE 2 L) B LU
NBREBRO TIGERE (BEE AL ENE) OREZT-
W, RRBEOREZFZLALERONT, FHEMNHTT
BREMEERZO LW L MRS Nz, 72, BRIZHE

Deposition Materials in Flue Gas (Combustion Products)

Solid
Stabie Oxides,

Liquid
Chiorides, Sulfates|Alkaline, Heavy Metal

Vapor

Sulfates etc. having Lower Chlorides having = :

(High mp) Vapor Pressure |High Vapor P Gas Constituents
(Low mp) 02, H20,

AkOs, SiO, NazSO, KCI, NaCl, HCI, S0,

Fe20s, CaSO« etc.| KzS04, NaCl etc. | ZnClz, PbClz etc. Reductants etc.

Corrosive ch

Colless T Controlling
ollesion o iffusi i Factors of Ash
Particles [lefus:on of Particles an Vaptﬂ" Deposition Rate

Gas Flow
Direction

Gas Temp.
(Thermal |-
Gradient)
Diffusion Reaction, Deposition A
~— of Vapor Constituents through g:;t;gsllgg
Deposits Pore Corrosion Rate|

Reduce in Po,
Increase in Pcl:

- Penetration of Molten Phase |.q-
and Vapor into Corrosion Scale|

+Break-away of Protective

Oxides Film

Acceleration of Corrosion Reaction (Gas Reaction)

+ Chiorination/Oxidation (FeCls, FeOCI, KFeCl: etc.) |-g—
- Sulfidation/Oxidation (FeS etc.)

-Eas Temp.

-Thermal
Stress

Fig. 12. Corrosion mechanism including main factors of
ash deposition and corrosion rate.

L 726000 T 0 — TRERIZE VLT LR ARREDORE
BERREINEEED & 41D FERZFTCIXEMEMBHZ
TRELBFMABRBREOMEIRIGVWEZELLONS,

3.3 Z—NN—E—42QERFDTHE

3.3.1 WANEORREZE(L

Fig.14(23K, 2R A —/3— bk — 2 OB AN kK 5%

65 EEE S Aoy
Composite : 625
Tube
C-276M|
HR11N 'Weld :
Overlay|
625M
HC-22 {Weld
Overlay]
JHN-24*

*Mark : 8500 hour exposure

100 um
—_

Fig. 13. Example of surface microstructure in 3rd super-
heater outlet tubes after 13800 h exposure.

Fig. 14. Time dependence of maximum corrosion

10 T I 10 e EEEEREe———
3rd Superheater i 1 2nd Superheater [ @ HR11N
Terminal Tubes (First Row) [l (First Row) e Alloy825 | _|
! - o Alloy625 [
. — & HR3OM [
£ ‘ ; © 310HCbN
£ — ~ —
~ o -
"y % al -
8 o[ 4 A e 25A
A B 10 B
g g‘,’;/?‘/zf’
2 R —— ]
X -
9 ’ 1
= ] ]
= - :
c [ !
k=] ‘
2 10° 104 5X10°
=
O o
O r
g 1 : =
=] -
E
g o ‘ o Alloy 625 | |
= o o HR1IN
s HC-22
0.1 yis —|
o7 } = t
I ® JHN-24 No!1 ,2 No.15,16
0.5 ; J——
3 4 4
10 10 5X10 5’B=S°g,‘ﬁg':,’;'°’
Test Time/h po

30

thickness loss of test materials in 3rd and
2nd superheater (soot blower not affected
zone).




o Alloy 625
OHR11IN
AHC-22

O JHN-24

® Alloy 825
= HR30M

-
£ -35 A C-276 Overlay

E #625M Overlay

X HC-22 Composite

E

- X Sanicro 65 o 4 <!
- +310HCbN 50 Freld

b 4 o [}

o a 55 °

O -40

[OJRViN

2 ©od

= ++

=

2

]
o

-45
L) L ]
B
o
_5_0 i
-5.0 -45 -40 -35 -30
Actual log K¢/ mmh-?
C=Ke- t

Ke=7.18 x 1092 + Tg565 - 1486  [Cr+Ni+Mo] 072 « [CI]*10

C : Max. Corr. Loss (mm)

Kz: Linear Rate Law Constant (mm/h)

t: Time (h)

Ty : Gas Temp. (°C)

Tm : Metal Temp. (°C)

[Cr+Ni+Mo] : Cr+Ni+Mo Content of Alloys (%)
[CI] : Cl Content in Deposits (%)

Fig. 15. Correlation of maximum corrosion thickness loss
between actual and calculated values by multiple
regression analysis.

KIFARDORFEENATRT. #2EENENIRA —3—
E— & PE S AL TERERINGEORFELAR SN D
M, BRREDERHE2RA —/N— -2 2HDLIFE
REEIAHZ 29 L, BN S EMISGE D0 Tn5 T L
Hbhnd, ZOWRIZIEREEOREBIRTEIIERRIFEOM
EIEGEND 7D LSRRG PRENZPRL TE X —
N—b— 2R NETORERBHOBEOREH L ZhIZL
&%) WRHEmOIEEN DR EBFE L 6N 5, FREHOM
iz k&) FAOEERMRIEEIREN S » T REW T A%
ET TV b TIT - 72 BB (6000 h)FEHEERER 1D TOfdEIE &
LML TNWBZENE, THARELRA 7 TOHEN E
mMEEZONS,
3:3:2 RAEETHIA

Fig 151ZANROBIREIERK & AT REEE2/59 A — 4
&L -ERAGEE ERK DL EERTERO—F &R T
A, FEEME (P EtliE) & PRI & 3 Et R 2 ORI
R RAF A BN RO D, BT X —2DHTH R
EEBLO A X LBREOREENKEL, £72, MBET
IE[Cr+Ni+MoRENFWEE K IRV T 50T 6 0C
FOBEARMBRSMEEm LB Z e nbrb,. L
MMOBRBER/NT A — 2 DREUIATBRDIERBRANOHF 5
E-HLTED, ATHROERAMEIHKE,» S & EDT
NESN,

31

ENEREMREE AR 1 7 HE & A& O EIL AR

4. 8

9.8 MPa/500°C i EREMHRE 1oy b 77V M
B2 2FEOEERBO[BR, AREHMBET -7 4 ~
7, Z—3—k — 2 FAiif B Om A IZBE L T FEED
T EMREPE S N,

(1) ZRE (X HILERE D #330°C) e LU~
Alloy625 /A #%PUE , NiCrSiBA £ HVOFBSIZ 2 Zh 10
F, 6 U LOMAMNAERF TSI LR TE, @RS
7V P DOERBERELEL L TCOERERE O,

(2) $7=IZBHZ L 72 JHN-24, HR30M, HC-222 5 v K
B, R (625M, C-276M), TiO,/Alloy625HVOF /& &t & O
BEn-iEMARIETE 2, 72, Alloy625, Alloy825,
HRIINEOBEMR S £ U TR MM+ RE
T35, 3RA—/3—k— & TIFJHN24 2B 2 LI2&D
05 mm/AELLT, 2R X —25— & — % TIZHR30M D i
XN 2mmAFEL T ORKIKREE L 20, BENKS
mm 2 L TZEREFRFN0F, 25FDMAMEERT,

(3) HABE, A2 LEE, FEXERLEDFAR
K8 5 X AR OMRIFALEm 4 HEL, ThoR
K2k U728 R s PRI A RE L -, BERE 0
ZEMoDRMAEAEHL, 2—-F7u—-I2X3ER
RETEMo NI ZASOHEHIZL DR T I I LB TE
5,

KD —EBIENEDO [ EhEREYFH BT
—BRELTUITbh7ZIRCM [IHEEMEZ -3 - — 2 DF
Bl 7uP s POBREEBE L TEBMLZEDTH B,
Tuvzy VEE, 772 EEOBRE B KO RIANE
DTFTY P AN, MBA—HDRMIZHEERT S,

X 79

1) Y.Kawahara: Mater. High Temp., Sci. Technol. Lett., 14 (1997), 261.

2 ) Y.Kawahara, N.Orita, N.Nakamura, S.Ayukawa and T.Hosoda: COR-
ROSION/99, NACE, Houston, (1999), Paper No. 91.

3) YKawahara, K.Takahashi, Y.Nakagawa, T.Hosoda and T.Mizuko:
CORROSION/2000, NACE, Houston, (2000}, Paper No. 265.

4y Aulmk, F)IE, JHIEHE = $THTE |87 BIRE LR
BYVARD Y L9TMEGR L E, No. 972, HARMYZ., X
5, (1997), 22.

5) [EEREVMRBILNERE —MEEMEX -/ -k -2 —DH
-] PR FERRRE S, TERMEHIRRAE L 4 —,
BT, (2000).

6) T.Matsui, H.Takizawa, S.Wakita, Y.Kawahara and T.Hosoda: COR-
ROSION/2000, NACE, Houston, (2000), Paper No. 262.

7) Y.Takeuchi, Y.Kawahara and T.Hosoda: CORROSION/2000, NACE,
Houston, (2000), Paper No. 261.

8) Y.Fukuda, Y.Kawahara and T.Hosoda: CORROSION/2000, NACE,
Houston, (2000), Paper No. 264.

9) Y.Kawahara, K.Sasaki, Y.Nakagawa,

CAMP-ISIJ, 11 (1998), 1095.

Y.Kawahara and M. Kira: Zairyo-to-Kankyvo, 46 (1997), 8.

M.Uekado, Y.Kamei, M.Nakamura and T.Hosoda:

SION/2000, NACE, Houston, (2000), Paper No. 263.

Y.Kawahara, K.Takahashi, Y.Nakagawa, T.Hosoda and T.Mizuko:

Proc. EUROCORR/99 Cong., EFCE, Aachen, (1999), No. 227.

Y.Kawahara: Corros. Sci., to be published.

K.Takahashi and H.Mori:

10)
11) CORRO-
12)

13)

551 I



