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In this work, we have performed a corrosion failure analysis of a leaking tube connected to an upper
header of a condensate pre-heater in a heat recovery steam generator. It was revealed that the leakage posi-
tion in the tube was the location where the materials were easily vulnerable due to tensile residual stresses
induced by the material manufacturing process and welding process. In addition to an imbalance in the
module induced by temperature difference during operation of the pre-heater, the weight of the modules
and thermal fatigue provoked a type of stress of tensile-tensile fatigue on the tube. Thus, the leakage posi-
tion of the pre-heater was exposed to the tensile stress on the inner surface of the tube facing the gas,
which rendered the unstable oxide layer susceptible to corrosion and the formation of pits on the water
side. The cracks propagated along with the degraded microstructure in a transgranular cracking mode
under fatigue loading and finally resulted in water leakage.

Keywords: Heat Recovery Steam Generator, Condensate Pre-Heater, Corrosion, Fatigue

1.ME Aehda) 4o AAELE A Al A F
= AA 4 Aol o]=7|17H4] wllg- Bl 9o #4

T2 AR FEel FA3 skio] ge Ag, AR & 2] wliell, AREEE TR A9 AR T
o] Hgto| = A2 ARo FA= I 7|He wAE oFabr] WAYSk= k=] AbIeF 1 A% theksith
A s 37] vl oot gk AR 28 AAE Al sk A BRIsE AR Hong ef al. [112>
< o FAE JE7F vkd o] 2HE A2l s Aofuhirg mde] shA o o w3 {FHO] FA T
A= 7 = BN of ek AlElelA] AR AR] = tElon, o= VA FAew WS RHe
A HES 288 ¢ o E, I Al AT & HAA Sk 44 FYzE dg Y A 74d
st A3} 242 ul¢ F o5k (Stress corrosion cracking)®] ¥Q1S B3 UISiT). ©]
9ol %= wl|d 351 Y2 (Heat recovery steam generator,

Corresponding author: sylee2012@cnu.ac.kr HRSG) o 4% 7 12 [Z]yjr AER3IE ey 1)

Az AAEgaY, A9E: 4P, 2
AT w4, AR AYATR, 0)5Y: 2

o
2
&l
Rz

R E A 3] 9% sk ol wawgick.

69



HOBYUNG CHAE, WOO CHEOL KIM, HEESAN KIM, JUNG-GU KIM, KYUNG MIN KIM, AND SOO YEOL LEE

(a) | DH#1~9 |

[Hpecon-s ]

(c)

[ HP Evan HP sH#2 |
HP EVAK2~s | HP s |

CPH#1~3 |

[

T I I

=

A

|

[T
iy

i

TN

i

GAS

R
m

Leaked
position

=

CPH D1 D2
]

']

t 1

===

dii

]
T T T

Fig. 1. (a) Schematics of heat recovery steam generator (HRSG), (b) Schematics of condensate pre-heater (CPH), and (c)
Structure of upper head (U1) welded with a bent tube (R1), where a leakage occurred
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Table 1. Nominal chemical composition of SA178A tube

Element Fe C

Mn P S

wt% Bal. 0.06-0.18

0.27-0.63 ~0.035

Header

Opposite side Opposite side

Leaked tube

™~

U1-R1-C25

[ur-sr-cos 8

Fig. 2. (a) Upper header joined with bent tubes and the positions of leaked tubes, (b) Leaked water from the failed tubes,
(c) U1-R1-C25 tube sampled from the CPH and a magnified view (i, ii, iii), and (d) Inner surfaces of the leaked tubes
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Fig. 3. (a) Sampling for the analysis of U1-R1-C25 tube, (b) Geometry of each sample, (c) Cross-section view showing
the oxide layers in the sample 1, and (d) Microstructure of the sample 2
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Table 2. Analyzed chemical composition of oxide layers observed by EDS

Element C

Fe Si

at.% 8.6+1.8

538+ 1.7

374+09 02+0.1

(a) (b)

oI EXY

=
Thickness direction

Fig. 4. (a) Cross-section view of the sample 3. (b) Cracks from the pits and (c) Its crack tip with oxide scale, (d) Pits,
oxide products, and coarsened grain structure, and (e) Oxide scale propagated to the matrix.
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