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Recently, coal-fired power plants are experiencing many problems that they have never experienced before
due to an increase in flexible operation. In particular, a two-phase flow accelerated corrosion on water wall
tubes in a boiler has not been detected overseas or domestically. There is no response plan to deal with
such corrosion problem either. However, oxide film damage and tube material corrosion due to a two-
phase flow accelerated corrosion are being discovered on water wall boiler tubes of domestic coal-fired
power plants recently. If this situation is severe, it can cause enormous damage such as tube rupture. There-
fore, in this paper, in order to prepare a response plan for a two-phase flow accelerated corrosion on water
wall tubes in the future, differences between a two-phase flow accelerated corrosion and a single-phase
flow accelerated corrosion were investigated and an example of discovery of a two-phase flow accelerated

corrosion on water wall tubes was presented.
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- Condenser/Feed Water Heater Tube: FAC, Corrosion,
Deposition, SCC

- Feed water piping: Corrosion, FAC



A TWO-PHASE FLOW ACCELERATED CORROSION STUDY ON WATER WALL TUBE OF COAL-FIRED BOILER ACCORDING TO

FLEXIBLE OPERATION

- Feed water Heater shells and drains: Corrosion, FAC
- Boiler Tube: Corrosion fatigue, UDC, FAC (Eco Inlet),
RH pitting
- HRSG Economizer/Ip & LP Evaporator: pH control,
Two-Phase FAC
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Table 1. Status of flexible operation of domestic power generation facilities [1]

TYPE 2018 2019 2020 2021 2022
Solar Power (GW) 8.6 12.8 17.8 22.1 26.2
Wind Output control (Jeju) 15 26 77 64 98
Combined cycle Start and stop twice a day at Seo In-Cheon CC 36 62 151 273 243
Coal Start and stop at Dangjin 34 64 77 105 150
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Fig. 1. Effect of temperature and pH (with ammonia) on
solubility of magnetite [3]
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Fig. 2. Effect of temperature and Flow on FAC at pH 9.0
(with ammonia) [3]

247



SANG-HO KIM, SEUNG-MIN LEE, AND JAE-HONG LEE

6.0 -

501

40—

20

FAC Rate, mm per year

3 4 S & 7 =3 9 10
Mass Transfer Coefficient, mm -s~!

Fig. 3. Effect of chromium content of carbon steel on FAC
rate (Neutral water 140 °C) [3]

& e A RS ERAT olo mEE 1B
? 4 251 100°C ~150°C W$lollA pHZ} Har
A S7F wE v s 7S BAES ST
star, el Cr ol a5 FAET 3]

W e 7S A w9 ASEE AEAAY 2
ol ek Wgekar F7]ek H5E FelelM = st
A =tk [4]. wEbA 715 et ol Fol A= 2
greo] A9 EOlaiTﬂ 350°C o2 B A% F
HollXe W fe7ksAo] MAE Y] of it gk
BAe Fo] 3] o] A3 A (AVT)NA

OruEr

57t 8 PEIIER E(Fe,0,)7F obd 887t B
FutElo] E(Fe,0,)2 B7d5 0] 574 A
o] t oA =t Fig. 40l Arahd A9} vy
Elo|E, snfete] E9] g4 & vEisiT [5]. At
SR A (A mVyE B ol Sl
2k 2 Aok AR ond 4 S5t =
of ABPIERI717F o} Abshehel W9l oA R
B o] Asludlels Uy GErkERA v S of
Ash= sufelo)| EZF AR} v A3k A A g
(AVD)Y 73 ol =2I(NH,) o] se75 85
Aa7E AAE ] ST v ARV
o] @ fre7HEE-Ae dAo] Foldt viEH o]
E7F 449A Aot

2204 37554

oY FrE7hE A FHEUle] F2lo] wAlE=s A
7Y FErbs A A s ol s ks A
& Ao ofgt winrt wAgsth= AollA] zto] 7t Q)
o FE U By e FH W £HOR R 55 3
et olFstal SV SdellA BAE By

‘:} w2 SRR o] st ofn 7 Ao £& Afo]

2 ola] M2 (Shear Force)o] ZHg-alA Ht} o] A

o] By o] T ET AXA HuH By
T7F F719 By o AAE B T Fo

—W ot ¥

o7k S Ae B mope] ofxo] wAshA Hr.

2 FUAZ(ONRE MAHA w2t Absly) o] -3

Fluid boundary layer

H.0
FﬁOH)” H2+ I 40“' ’FG(OH)
| | (:J |

16 000 T T T T T T T %
14 100
ORP 40 Metal
12—
0 Fe
- 104 - —30 » ® y-FeOOH or a-Fe,0;
o x
* £ CD Fe.0
2 84 &“ ~100 — gﬁ Fluid boundary layer i
& ¢]0° —20 T,
-200 = 0,
N.H
4 Ha qsy LT[ 6 I5 .}
~300 -110 Oxide
- protective ﬁ
= cover layer 5.“' :'—'-”.%Q
O -

lf.ﬁlf‘!.t. e

0
0O 10 20 30 40 S0 60 70 80 90
Time day

ToCn) Illv.l‘-

Metal

Fig. 4. Oxidation Reduction Potential (ORP) and Oxide Film Fe,O, Dissolution and Fe,O, Formation Process [5]
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Flow accelerated corrosion (FAC)
.............................................................................. 1 Locally accelerating corrosion due to

increasing mass transfer caused
——> water flow by flow dynamics

orlﬁce

Mitigated by water chemistry control
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sonic wave of steam flow in piping
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Fig. 5. Oxidation Reduction Potential (ORP) and Oxide Film Fe,O, Dissolution and Fe,O, Formation Process [5]
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Table 2. Chemical Composition of SA213_T12 (Unit : %) [8]

Standard C Si Mn P S Cr Mo
ASME 0.05~0.15 0.50 Max 0.30 ~0.61 0.025 Max 0.025 Max 0.80~1.25 0.44 ~ 0.65
JIS 0.15 Max 0.50 Max 0.30 ~ 0.60 0.035 Max 0.035 Max 0.80 ~ 1.25 0.45 ~ 0.65
Table 3. Chemical Composition of Oxide Scale (Unit : %)
Amount of oxide scale Cr Fe Mn Mo Si eto
(mg/cm?) as Cr,0, as [ron Oxide as MnO as Mo,O as SiO,
23.68 2.44 96.11 0.73 0.46 0.08 0.18
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Fig. 12. Appearance of Damaged Oxide Film on Water Wall
Tube (Tiger Sprite)

Fig. 13. Surface Oxide Layer (Thin and Trace of Corrosion)
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Fig. 15. Tube Material Condition
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Fig. 16. Damage Shape of Tube Material

Fig. 17. Damage Shape caused by LDI (Liquid Droplet Impingement)
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Fig. 19. Longitudinal Cross-Sectional Shape (a) Flame Side (b) Non-Flame Side

Fig. 18. Tube Material Thinning
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