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In this work, the degradation of high-pressure superheater tubes exposed to the flame of a duct burner in a
heat recovery steam generator of a district heating system was evaluated. To assess the deterioration of the
used superheater tube, the microstructure, microhardness, and tensile properties were investigated by com-
parison to an unused tube. The study found that a fin bound at the outer surface of the used tube became
fragile only in the location facing the flame. This indicates that the tube was directly exposed to the flame
from the duct burner or underwent abnormal overheating. While the unused tube showed a uniform value
in hardness and equiaxial grain structure, the used tube revealed a decrease in hardness up to 105 HV and
an increase in grain size with a plate-like morphology in the location facing the flame. The coarsening of
the grain structure by the flame weakened the mechanical properties of yield strength, tensile strength, and
elongation.
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DEGRADATION EVALUATION OF HIGH-PRESSURE SUPERHEATER TUBE IN HEAT RECOVERY STEAM GENERATOR
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Fig. 1. Schematic diagram of the high-pressure superheater and location of the collected tube samples
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Fig. 2. Deteriorated high-pressure superheater tube samples;
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Table 1. Nominal chemical composition of ASME T91 tube and AISI 409SS fin [unit: wt%]

Spec. No. C Mn S P Si Mo Ni Cr Fe
SA213-T91 0.07~0.14 | 0.3~0.6 0.01 0.02 0.20~0.50 | 0.85~1.05 0.4 8.0~9.5 Bal.
409SS 0.08 1.0 0.045 0.045 1.00 - 0.5 10.5~11.74 | Bal.
Table 2. Mechanical properties of ASME T91 tube
i Hardness
Spec. No. Yield strength Tensile strength Elongatlon to
failure Vickers Brinell
SA213-T91 415 MPa 585 MPa 20% 196~265 HV 190~240 HBW
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Fig. 3. Visual inspection of deteriorated high pressure superheater fin tube; (a) fin discolored in a specific direction (fin of tube

1-5) and (b) crumble due to deterioration (fin of tube 3-3)
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Table 3. Minimum data of hardness test measurements of each cross-section tube sample [unit: HV]

Samples
Position

Unused tube #1-5 #2-4 #3-3 #4-1 #4-2
1 218 217 216 216 213
2 217 214 200 188 215
3 218 214 216 182 217

240

4 222 221 189 219 212
5 223 218 211 216 212
6 190 218 209 213 218

Table 4. Average data of hardness test measurements of each cross-section tube sample [unit: HV]

Samples
Position

Unused tube #1-5 #2-4 #3-3 #4-1 #4-2
1 176 192 193 198 199
2 191 186 172 130 196
3 176 171 194 124 205

226

4 197 196 121 199 185
5 203 200 173 194 172
6 133 204 161 173 205
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Fig. 4. Contour map for the hardness test result of tube cross-section samples; (a) unused tube, (b) tube 1-5, (¢) tube 2-4, (d)
tube 3-3, (e) tube 4-1, and (f) tube 4-2
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Table 5. Mechanical properties for unused (250 HV) and used (200 HV, 150 HV, 120 HV) tubes

Tube Hardness [HV] Yield strength [MPa] Tensile strength [MPa] Elongation [%]
Unused 250 503 660 20
200 479 647 20
Used 150 475 620 16
120 472 614 15
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Fig. 6. Optical microscope images measured at 6 o'clock direction of the unused and used cross-section tube sample
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Fig. 7. SEM microstructure at the optical microscope image locations of the unused tube (Fig. 6b) and used tube (Fig. 6f)

Table 6. The average size and area fraction of the precipitates shown in the microstructure of Fig. 7

Precipitates at the grain boundaries

Average size [um]

Area fraction [%]

Unused tube

3.0

Used tube

18.8
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