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Corrosion failure analysis of the flow plate, which is one of the accessories of the plate heat exchanger in a
district heating system, was performed. The flow plate is made of 316 stainless steel, and water at different
temperatures in the flow plate exchanges heat in a non-contact manner. The flow plate samples in which
water mixing issues occurred were collected. Corrosion-induced pits, oxides, and contaminants were observed
at locations where two plates are regularly in contact. The EDS analysis of the surface oxides and contaminants
revealed that they were composed of carbon, silicon, and magnesium, which came from chemical adhesives.
The IC/ICP analyses showed that the concentration of chloride ions was 30 ~ 40 ppm, which was not sufficient
to cause corrosion of stainless steel. In the crevice, a local decrease in dissolved oxygen occurs along with an
increase in chloride ions, thus forming an acidic environment. These environments destroyed the passive film of
stainless steel, resulting in pits. Moreover, contaminants formed a narrower gap between the two metal plates
and inhibited the diffusion of ions, thereby accelerating crevice corrosion.
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Fig. 1. (a) Water flow of inlet and outlet in plate heat
exchanger, (b) Flow plate samples used in the plate heat
exchanger
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Fig. 2. The corroded plate-1: (a) the surface pits distributed regularly in the hot water side, (b) oxides and contaminants, (c) a
rubber gasket attached by chemical adhesive, (d) the surface pits distributed regularly in the cold water side; The corroded
plate-2: (e) the surface pits distributed regularly in the hot water side, (f) ) oxides and contaminants, (g) and (h) the surface pits

distributed regularly in the cold water side
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Cold water

(b) Plate-2

Cold water A

Fig. 3. Optical microscope images for the corrosion pits and the scales of the (a) plate-1 and (b) plate-2
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Table 1. Nominal chemical composition of AISI 316 stainless steel plate

Element C Ni Cr

Mo Si Mn P S Fe

wt% 0.08 10.00 ~ 14.00 16.00 ~ 18.00

2.00 ~3.00 1.00 2.00 0.045 0.03 Bal.

Fig. 4. The SEM images for the surface oxides and contaminants
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Fig. 5. The appearance of chemical adhesive and EDS analysis in (a) black color region for the adhesives which is not contact
with heating water, and (b) yellow color region for the adhesives in contact with heating water
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Table 2. The EDS analysis of the surface oxides and contaminants [at.%]

Element C (6] Si Al Mg P Ni Mo Cr Mn Fe
A 29.1 53.5 1.8 0.3 0.9 0.1 13.8 0.1 0.3 0.1 13.8
B 39.6 42.6 8.7 0.3 6.5 0.0 0 0.1 0.2 0.3 1.6
C 39.9 40.1 4.1 0.2 23 0.0 0.1 0.1 2.5 2.1 9.4
Table 3. The EDS analysis of the adhesives [at.%]
Element C (¢} Si Al Mg Na Cl Ca Fe
Yellow color adhesive|  70.4 22.9 0.4 0.3 0.3 1.1 1.8 0.9 1.9
Black color adhesive 79.7 17.7 0.4 - - 23 - - -
Table 4. IC/ICP analysis on the water quality of plate-1 and plate-2 [ppm]
Type Water Cl Na Fe Al Mg Cu Si S P
Plate.1 Hot 304 14.9 0.1 <0.1 0.1 <0.1 0.6 1.1 <0.1
Cold 41.9 6.4 <0.1 <0.1 3.0 <0.1 2.5 3.4 <0.1
Plate2 Hot 44.8 22.3 <0.1 <0.1 0.2 <0.1 0.5 1.5 <0.1
Cold 41.0 6.1 <0.1 <0.1 2.9 <0.1 24 32 <0.1
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Fig. 6. The position of gap formed due to the contact
between plate-1 and plate-2
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