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Development of Stainless Steel QSX for Superheater Tubes of High-Efficiency Waste-to-Power Plant
Atsushi Show and Tatsuro Isomoto

Synopsis: In recent years, the "recycle" is very important because the waste disposal problems are very serious. The idea of

"thermal-recycle" such as waste-to-power generation has become popular.

Under these circumstances, high-efficiency waste-to-power generation is strongly required for one of the most

effective thermal recovery approach from the waste. The power generation with 400°C class steam has been car-

rying forward, and some of the actual results have been already reported. However, the high-temperature corro-

sion problem attributed usually to the complicated media such as chlorides can take place mainly on the super-

heater tube as a steam temperature increases. Thus, the "material innovation", which is conducted through the

material choice and development under reliable evaluation to the corrosive environment is an important keyword

for the material producer.

In this study, a series of corrosive failure analysis was conducted systematically for the superheater tubes of the

newly developed QSX stainless steels in an actual MSW incineration plant, as a framework of the Project in Tokyo

Metropolitan Government with 9 domestic boiler plant suppliers for establishing the technological strategy toward

high-efficiency waste-to-power generation.

It was demonstrated that the newly developed stainless steel grades of QSX had improved temperature capability

of the corrosion performance as compared with a conventional SUS310 stainless steel for the 400 to 450°C level

steam superheater.

It was also found that the superheater of QSX for the range of steam temperatures was

desired to be installed under the flue gas temperatures from 620 to 630°C.

Key words: high-temperature corrosion; high-efficiency waste-to-power generation; superheater tube; boiler tube; stainless

steel; steam temperature; flue gas temperature; weld; bend
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Table2. Test period for the field test.™"*2

Test period
Superheater 1st 2nd 3rd 4th 0 month[J
4000 counter-flow type DN D 10.6
4500 counter-flow type DN DN N D 21.0
4500 parallel-flow type N D 104
*1 1stperiod : Jun.3,’96 [0 Oct. 12,96
2nd period : Nov.17,’96 0O May 22,’97
3rd period : Jun.6,’97 0O Oct. 18,97
4th period @ Nov.21,’97 O May 19,98
*2 DN : Destructive investigation for specified positions,
and nondestructive for the remainder .
D : Destructive investigation for all positions.
N : Nondestructive investigation for all positions.

Table3. Chemical compositions of tested superheater materials.

[J mass%[]
Grade C Si Mn Ni Cr Mo Nb N
QSX5 0.02 3.20 0.60 23.85 25.77 1.21 0.13 0.042
QSX3 0.02 3.23 0.63 2259 25.68 - 0.12 0.049

SUS310J1 0.06 0.41 1.23 20.20 2555 - 0.47 0.247
High NiCralloy  0.01 0.12 0.50 41.15 29.15 1.07 - 0.168
Size : OD38.1mmx WT4.0mm (nominal)

Conditions : Cold finished seamless tubes for all grades
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Fig. 1. Location of the superheaters of the field test in the Adachi
municipal incinerator plant.
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Fig. 2. Schematic diagram of the counter-flow type superheater
for 45000 steam.
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Fig. 3. Schematic diagram of the parallel-flow type superheater
for 45000 steam.
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Table4. The refuse throughput™ and flue gas compositions through
the field test.”

Iltem
Throughput t/day
NO ppm®
SOy ppm?

Ave.
228
57.6
26.8
254
28.0
10.0

1st period 2nd period 3rd period _4th period
236 233 249 202
58.9 57.6 56.8 57.4
26.7 25.2 36.3 21.3
HCI ppm® 235 263 222 284
CcO ppm? 27.3 324 38.4 16.2
O % 8.2 10.1 9.5 11.7
*1 Average
*2 Average of operation values at the plant device
*3  Converted to O, 12%, dry base

Table5. Flue gas conditions during the field test.

Item
Wet

1st period? 2nd period?
87,667 78,767
68,400 61,200
7.80 6.93
773.7 766.7
-26.0 -

7.77
11.63
22.00

333.3

3.80
99.0
18.0
28.3

0.13

3rd period®
69,767
58,300
6.03
746.3
-22.7
9.07
10.53
16.50
283.3
5.13

meN/h
Dry meN/h
Flow velocity m/s
Temperature O
Static pressure . mmH,O
Composition O, %
CO, %
H,0 %
HClI  ppm*
HF  ppm*
NOy  ppm™
SOx  ppm*
CO ppm*
Cl, _ppm*
*1 Sampling on Jan. 26, '96
*2 Sampling on Feb. 7,97
*3 Sampling on Dec. 24-25, '97
*4 Converted to O, 12%, dry base

Flow rate

8.03
11.40
22.30

254.3

2.40
90.7 81.0
22.3 20.3
30.7 9.7

0.10 1.13
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Fig. 4. Flue gas temperatures at the specified position for corro-
sion analysis on the counter-flow type superheater for
45000 steam.
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Table6. Example of chemical and physical analyses of the ash deposit-
ed on the counter-flow type superheater for 45001 steam.”

Position 1st row 10th row
Item Front side  Back side  Front side  Back side
Chemical C 0.02 0.02 0.02 0.04
compositions Na 8.00 7.56 7.18 6.82
0 mass%[] Al 4.94 2.14 2.44 2.28
Si 3.19 3.10 2.85 3.16
S 7.97 105 11.1 9.91
SO 27.9 47.7 39.3 432
Cl 15.0 10.0 6.47 4.56
K 10.4 10.9 11.6 11.5
Ca 12.9 14.2 10.7 105
Cr 0.28 0.22 0.07 0.07
Fe 0.43 0.37 0.32 0.34
Ni 0.16 0.12 0.01 0.01
Zn 0.80 0.87 2.25 2.28
Sn 0.02 0.03 0.05 0.05
Pb 0.07 0.02 1.27 1.36
DTA peak Endothermic 538, 573 534 397
oo Exothermic__ 498, 558 550 478 479
X-ray strong CaSO,, KCI CaSO, CaSO, CaSO,
diffraction medium NaCl NacCl (K,Na),SO, (K,Na),SO,
KCI NaCl NaCl
weak (K,Na),SO, KCI

*Sampling in October, '97
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Fig. 5. Appearance of the counter-flow type superheater for
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O This figure indicates the case in which the corrosion type is intergranular
corrosion. MLLC can be also applied to the type of pitting or deeply attacked
general corrosion. The location at MTL may not correspond to the one at
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Fig. 6. Definitions of MTL and MLLC.
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Fig. 14. Examples of corrosion at the weld joints.

40202 O0OD0OOUOHAZODOO
O0O000000HAZOODOODOODODOFRig1500O
UOHAZOODOOOODOODOOoOoOOoobOooooboob

gbobobobobooobooooboboboboooooo

goosHOOOoDOoOosHOODOoOOooOooD40000D0
O0000O000OTable 2000000000000 0O0OO
gbobooboobobobobooobobobobon
obobooooobooboboooobobobonbDon
OO00O0O1lyeard0104month0 0 00O O0O0O0OCOOOO
J00o00000000OO00OO0DOO0DO0ODOon0OOOFrg10
gbobooobooobooboboboooboooboobob

Very good

gbobooooobooboboboooobooboboon
gboboobooobobobobooobobooboboan
gbobooooobooboboboooobooboboon
gboboooogo

O Flue gas temperature : 6010 6200

1.6
i Grade Weld HAZ Straight
g L4r TG82_| TIG625 | portion
£ I [ Qsxs . o o
o l2¢f QSX3 = n 0
2 I | sussi0d1 A A )
2 1.0 | [Hi-NiCr alloy o ] 0
& L
2 o8¢t
P4 L
o
£ 06 <0
IS L o )
2 04f A® ©® O
g L A m @ A 2o
< o2f A s =
3 mea

0 - . s - .
200 250 300 350 400 450 500

Steam temperatured 0 O

Fig. 15. Comparison of corrosion loss at the weld HAZ and straight
portions of tubes.[J Evaluation period[] 10.4monthsd
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Fig. 16. General appearance of the welded joint corroded severely.

Good Bad

Not severely corroded

Small pitting or slightly corroded bead

Severely corroded

Fig. 17. The judgment standard for corrosion at the weld metals.
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Fig. 18. Effect of the flue gas and steam temperatures on corro-
sion of weld metal portions of the WEL TIG 625.
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Fig. 19. Comparison of corrosion of the bent and straight portions of tubes.[] Evaluation period] 10.4months(]
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