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Failure analysis on the welded type 304 pipe used for cooling water piping in the district heating primary
side was conducted. Inorganic elements and bacteria in the cooling water and in corrosion products were
analyzed, and the weldment was inspected by microscopy and a sensitization test. Corrosion damages were
observed in the heat-affected zone, on weld defects such as incomplete fusion or excessive penetration caused
by improper welding, or/and at the 6 o'clock position along the pipe axial direction. However, the level
of concentration of chloride in the cooling water as low as 80 ppm has been reported to be not enough
for even a sensitized type 304 steel, meaning that the additional corrosive factor was required for these
corrosion damages. The factor leading to these corrosion damages was drawn to be the metabolisms of
the types of bacteria, which is proved by the detection of proton, sulfur containing species, biofilms, and
both bacteria and corrosion product analyses.
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FAILURE ANALYSIS OF WELDED TYPE 304 IN COOLING WATER PIPELINE OF DISTRICT HEATING SYSTEM

Ditrict heating pipe
Supply pipe

s [ [y i |
o s [ s [ s |

- Combined heat and
power plant

- Peak load boiler

- New and renewable

\_energy facilities )

goooo ooooo

goooo ooooo

goooo 0oooo

goooo ooooo

ooooo ooooo

goooo ooooo

gooooo ooooo

i goooo ooooo

Return pipe ooooo il
goooo ooooo

- Apartments

- Business&Commercial
Buildings

- Public institutions, etc

Production Facility

Transportaion Facility

Customer

Fig. 1 Schematic diagram of district heating system.

A% S DA olF FEIHE ASEEAN 1
T3 AL AHgIHE WAHGAAE TRET AP ES
ol PAHE G BIE] FFUNE Fo A5EAES
5ol ALgARel Al A= B A Sl LA} 42
B9 g9 wate] BAA &4 1

.
Aol AF Anle] Wk 9la AR 147
4

7] g2t A (type 304) 9] 8ol MAE T
A waet A9 1S

7t st
ok 140 mm¢Q!
Tl disk

re
o3
M
N
X
ogL Lo
o

type 304 AHQIgA 7339
ANE 2AFstaA} st 8l A} A
E. o

tron microscopy, SEM) ©.

Fig. 2 A OM image representing a damaged T-type connector.
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(b)

(c) (d)
Fig. 3 OM images showing inner surface of weldment in No 2 of Fig. 2 (a) and (b), after descaling (c), and cross section (d).

(2) (b)
Fig. 4 OM images showing inner surface of weldment in No 3 of Fig. 2 (a) and after descaling (b).
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(a) (b)
Fig. 5 SEM images of base metal (a) and heat affected zone (HAZ) of No 1 weldment (b) after etching in oxalic solution.

(a) (b)
Fig. 7 OM images of base metal (a) and heat affected zone (HAZ) of No 3 weldment (b) after etching in oxalic solution.

Element Concentration (at.%)
1 (outside) 2 (inside)
C 7.07 9.36
(0] 35.60 47.79
Si 2.32 4.27
S 0.12 1.73
Cl 0.03 0.00
Cr 2.44 16.45
Mn 0.20 0.40
Fe 51.73 19.40
Ni 0.50 0.60
(a) (b)

Fig. 8 Cross sectional SEM image (a) of corrosion product and the results of EDS analysis (b) of point 1 and point 2 in (a).
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Table 1 Summaries on pH, electrical conductivity, and ion concentrations in cooling water

Used water Fresh water
pH 7.66 6.83
Conductivity (1S/cm) 534 158
Cl" (ppm) 77.5 16.3
S04*" (ppm) 43.4 11.1
NO3™ (ppm) 5.6 1.1

Table 2 Types of bacteria and their concentrations measured in sludge and cooling water

. Number of Bacteria
Type of Bacteria -
Sludge Cooling water
Low Nutrient Bacteria (LNB) >1,000,000 >100,000
Iron-related Bacteria (IRB) >1,000,000 =>100,000
Acid-producing Bacteria (APB) 10 ~ 100 Negative
Anaerobic Bacteria (ANA) Negative Negative
Sulfate-reducing Bacteria (SRB) Negative Negative
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