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In this study, corrosion behavior of a SA178-A alloy used in the boiler tube of a district heating system
was investigated in different environments where it was exposed to pure water, district heating (DH) water,
and filtered district heating (FDH) water. After the corrosion test, the surface morphology was examined
for observation of the number of pitting sites and pitting area fraction, using a scanning electron microscope.
The DH water and FDH water conditions resulted in a lower corrosion potential and pitting potential, and
revealed a significantly higher corrosion rate than the pure water condition. The pitting sites in the DH
water (pH 9.6) were approximately eighteen times larger than those in the pure water (pH 9.6). Compared
to the DH water, the corrosion potential became more noble in the FDH water condition, where iron ions
were reduced through filtration. However, the corrosion rate increased in the FDH water due to an increased
concentration of chloride ions, which deteriorated the stability of passive film.

Keywords: District heating system, Boiler water, Corrosion, Potentiodynamic polarization

=

—_

1. M
Ao bl A AR ARAI oA AR A sk
B oy, £9 olvA 52 1873 olyuA]7} 2k4n]
Hols o tiAlE 5 Sls AR AlAEeld [1]. Aol
& oluA] Fo7F W iR AR AES Q18 Akl
A A A dEFoR FHEeke Alds BEn (2.
A A TS F e HolaL GAF o)) wite] v
=7Fl A e o] A i
ARE AR oL A
4AE A e Al
A Babr]=9
285 ol WHEdd
of, Aakdn) o) Azt &

u
o
il

! Corresponding author: sylee2012@cnu.ac.kr

287

*

Al
ole]3t gk
7HA e Al 9
o] golog= A FrhA| Ydlo
A|2AERE- o] Qo] wt 7]E 9 A A7F DA s
22175 *] (Daily Start and Stop, DSS) = 3}7] wj&-<
AL AB)o| A AFEEE A H 97 o] kYl o7
Q&) o] FF WS B4, Ay A A~E2] vjd
34 By 9 AT Fol Ry 5 25 AP FE R
oA e 7 #8ebdA d wEs o H=t, o]
Hole 7o e ke we F-2jo] whgsitt oo B
Ao AL 'S ARESkaL Q7] Wil e AelE
3 Bele T2 Ahgsle] B FHo) i Fdol )
uks FAAA WA3S ST [8]. 3HAINE Bl
T A B4 g gl met Ak o] 77

o3
=

R

o
—

5
¢

T o
b o o1l &



MINKI HONG, JEONGMIN CHO, MIN JI SONG, WOO CHEOL KIM, TAE BAEK HA, AND SOO YEOL LEE

User
Heat generation plant 2

Direct Recovery
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Fig. 1 Schematic view of the direct supply and recovery district
heating system.
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Table 1 Chemical composition of SA178-A (wt%)
Heat No. Fe C Mn S P Si
CMTR SBO7134 Bal. 0.08 0.46 0.002 0.009 0.1
ASTM - Bal. 0.06-0.18  0.24-0.63 <0.035 =0.035 -

Fig. 2 Specimen preparation for the corrosion test.
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Table 2 Water conditions for potentiodynamic polarization

Water conditions Na (ppm) Fe (ppm) Si (ppm) Cl (ppm)
Pure water-pH 9.6 - - -
Pure water-pH 10.5 - - -
District Heating (DH) Water-pH 9.6 61.6 36.9 3.98 389
Filter District Heating (FDH) Water-pH 9.6 63.57 0.51 1.91 50.9
FDH Water-pH 10.5 63.57 0.51 191 50.9

Table 3 Potentiodynamic polarization results using Tafel extrapolation

Water conditions

Ecorr (MVag/0gc0) Tcory (mAfem?)  Bo (Vpg/05c)  Be (MV 4g/agc0)

Epie(mVag/agct)

Purc water-pH 9.6 -455.93 2222 3854 299.1 -60
Pure water-pH 10.5 -503.653 4.67 310.3 222.0 400
DH Water-pH 9.6 -662.814 5.566 120.0 307.7 -150
FDH Water-pH 9.6 -604.375 12.433 149.7 203.2 -90
FDH Water-pH 10.5 -606.834 14.659 153.6 209.2 20
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Fig. 3 Potentiodynamic polarization behavior in pure water and
district heating water conditions.
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Fig. 4 Surface morphology of the tested samples: (a) before electrochemical test, (b) pure water at pH 9.6, (c) pure water at
pH 10.5, (d) district heating (DH) water at pH 9.6, (e) filtered district heating (FDH) water at pH 9.6, (f) filtered district heating

(FDH) water at pH 10.5.

Table 4 Pitting sites and pitting area fraction for the tested samples after potentiodynamic polarization

Water conditions Pitting sites (mm?) Pitting area fraction (%)
Pure water-pH 9.6 10.63 0.81
Pure water-pH 10.5 28.20 1.82

DH water-pH 9.6 195.08 13.54

FDH water-pH 9.6 91.76 7.88
FDH water-pH 10.5 104.94 13.85
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