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A Study on Characteristics of HRSG Boiler Inner Tube Scale

Seung-Min LEE' , Byung-Yeon MIN, Nyeon-Ho JEONG

KEPCO Research Institute, Technology Expert Center,
105 Munji-Ro, Yuseong-Gu, Daejeon, 305-760, Korea
(Received August 25, 2011; Revised May 15, 2012; Accepted May 16, 2012)

The thickness and chemical composition of oxides on heat recovery steam generator tubes of combined cycle
power plant were examined in order to evaluate the corrosion of the tubes. Tubes were removed from the plant
after actual operations for 21,482, 42,552 and 56,123 hours respectively. Thickness and growth rate of the oxide
scale on reheater inner tube (SA213-T22) were very high compared to those other tubes. The oxide scale was
about 250 um thick and uniform. The components of the scale were iron oxides. The oxide scale was mixed
oxides consisting of magnetite(Fe304) and hematite(Fe,Os). The oxide on inner tube was removed using many
kinds of chemicals and it was found that chelating agents were dissolved faster than other chemicals.
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A STUDY ON CHARACTERISTICS OF HRSG BOILER INNER TUBE SCALE
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Fe(s) + 1/20:(g) = FeO(s)
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Table 1. Chemical compositions of oxide scale in HRSG tube (Wt %)
Composition| o0, | cro; NiO MoO; | MnO $i0; P,0s Others
Tubes
HPHT SH #1
(SA213-TP304H) 84.7 5.51 7.71 - 0.79 0.80 0.09 0.40
HPHT SH #2
(SA213-TP304H) 80.7 6.14 9.92 - 1.14 0.98 0.45 0.67
HT RH #1
(SA213-TP304H) 88.2 4.95 4.63 - 0.94 0.41 - 0.87
HT RH #2
(SA213-T22) 96.35 1.96 - 0.67 0.35 0.50 - 0.17
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Table 2. Chemical compositions of materials (Wt%)
Composition| Si Mn p S Cr Ni Mo Cu Al
Tubes
SA178A,C 0.07 0.06 0.47 0.01 0.004 0.016 0.054 0.01 0.119 0.026
0.05~ 0.5~ 0.3~ 0.3 0.3 1.0~ 0.44~
SA213-T11 0.15 1.0 0.6 below | below 1.5 ) 0.65 ) )
0.05~ 0.50 0.3~ 0.25 0.25 1.9~ 0.87~
SA213-122 0.05 | below | 0.6 | below | below | 26 - 113 - -
0.04~ 0.75 2.0 0.04 0.03 18.0~ 8.0~
SA213-TP304H 0.1 below below below below 20.0 11.0 ) ) )
Table 3. HRSG tube operating condition
Classification Gas(Temperature) Steam(Temperature)
Heating material operating hour Inlet Outlet Inlet Outlet
surface (C) (C) (C) (0)
HP HT SH #1 SA213-TP304H 42,552 587.2 575.5 507.7 555
HP IT SH #2 SA213-TP304H 56,123 546.6 533.8 460 507.7
IP HT RH #1 SA213-TP304H 21,482 575.5 566.6 519.8 566.6
IP HT RH #2 SA213-T22 56,123 566.6 546.6 519.8 566.6
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Fig. 1. XRD results of oxide scale in HRSG tube.
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Fig. 2. SEM Image of inner layer scale in IP HT RHQ® tube.
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Fig. 3. Microscope Image of inner layer scale(thickness) in HP
HT SHQ® tube.
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Fig. 4. Microscope Image of inner layer scale(thickness) in IP
HT RH® tube.
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Fig. 5. Microscope Image of inner layer scale(thickness) in IP
HT RH® tube.

Fig. 6. Optical Image of inner tube scale in HRSG tubes.
a) HP HT SH® b) HP HT SH®
¢) IP HT RH® d) IP HT RH®
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Table 4. Deposit amount and growth rate of inner tube scale

Specimens Op erat(ilr:;g) hours Average(rg;%);izt) amount (mgiiﬁgvfhl éa(;t(;: hr) Quality of the material
HP HT SH © 42,552 6.68 0.16 SA213-TP304H
HP HT SH @ 56,123 36.52 0.65 "

IP HT RH O 21,482 170.10 7.92 SA213-T22
IP HT RH @ 56,123 128.65 2.29 ”
LP Evap 56,123 8.69 0.15 SA178A
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Fig. 7. Optical Image of SPE(Solid Particle Erosion) by inner
tube scale of HRSG tubes in Turbine.

a) HP Turbine Blade b) HP Turbine Diaphragm

c) IP Turbine Blade d) IP Turbine Diaphragm
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' (b)

Steam

Fig. 8. Microscope Image of Chemical cleaning before/after tube
scale in HRSG tube.
(a) before test, (b) After test

Table 5. Chemicals for Steam Generator tube cleaning

. . Concentration | Temperature

Chemical cleaning agents (%) (C)
Ammoniated EDTA

— High-teperature 4.0 - 6.0 (a) 135

— Low-temperature 4.0 - 6.0 (a) 93
Hydroxyacetic-Formic 6.0 93
Ammoniated Citric Acid (b)

—Low temperature 3.0 - 6.0 93

7FeFtk 6% kAl Al B (EDTA 35, 0.3% 219 A
Al, 0.5% H7HAE E3st gHof A5t 2Ad AAA
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Table 6. Dissolution test results of scale composition in Chemical cleaning agents

Conditions 1 2 3
3% Formic acid 6% Chelate agent A 6% Chelate agent B
Agents 3% HAA acid 2.0% Adding agents 2.0% Adding agents
g 0.3% Inhibitor 0.3% Inhibitor 0.3% Inhibitor

0.1% Ascorbic acid 0.1% Ascorbic acid 0.1% Ascorbic acid

Deposit hours 8hr 8hr 8hr

Temperature 93T 93T 93T

Volume 300mL 300mL 300mL

The oxides concentration

Fe;04 10,000ppm,
Cr,03 10,000ppm

Fe;04 10,000ppm,
Cr,03 10,000ppm

Fe;04 10,000ppm,
Cr,03 10,000ppm

Dissolution Fe ion 343 5,320 7,150
(ppm) Cr ion 0.7 0.7 77
Table 7. Removal ratio and corrosion rate of HRSG tubes in Chemical cleaning agents
Conditions 1 2 3
3% Formic acid 6% Chelate agent A 6% Chelate agent B
Agents 3% HAA acid 2.0% Adding agents 2.0% Adding agents

0.3% Inhibitor
0.1% Ascorbic acid

0.3% Inhibitor
0.1% Ascorbic acid

0.3% Inhibitor
0.1% Ascorbic acid

Deposit hours 24hour 24hour 24hour
Temperature 93T 93T 93T
Volume 300mL 300mL 300mL
Specimens IP HT RHO IP HT RHO IP HT RHO
Removal rate(%) 15.15 50.85 85.89
Corrosion rate (mg/cmz-hr) 0.12 0.25 0.31
pH 22 4.5 3.0
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