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This work examined pitting corrosion failure of a copper heat-return pipe used in a district heating system.
The copper pipe was corroded with a 48% reduction in thickness due to localized corrosion on the inner
surface exposed to heating water of 20 ~ 40 °C. Fe and Si elements as corrosion products were found
around pits. Cl element was also observed, which accelerated oxidation of copper inside pits. Cu,O depos-
its on the pit’s bottom surface decreased the pH inside the pit. X-ray diffraction analysis revealed hematite,
cuprite, malachite and brochantite as corrosion products. Chemical analysis demonstrated that Fe and Si
elements did not exist in the copper, supply water, or heating water, indicating that Fe and Si species might
have entered into the pipe from the exterior. These results indicated that pits were initiated due to ion con-
centration gradient near Fe and Si species. Moreover, the interior of pits had lower pH due to CI" con-
centration and Cu,O reactions, which accelerated the pit’s growth and led to formation of pinholes.
Additionally, we confirmed that the type of pitting corrosion was a complex combination of types I and I1
based on the HCO;/SO;" ratio, pH, temperature, and corrosion products.
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Fig. 1. (a) Outer surface of the copper tube, (b) Inner surface of copper tube, (¢) Cross-sectional view of pitting corrosion, (d)

Specimen after removing corrosion products
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Table 1. EDS analysis results of the point shown in Fig. 2 (at.%)

Cu O N S Cl Fe Si
Point 1 58.88 39.59 0 0 1.53 0 0
Point 2 65.34 33.68 0 0.17 0.8 0 0.02
Point 3 34.99 37.74 19.22 0.33 1.95 5.39 0.38
Point 4 20.06 52.69 10.51 0.38 1.48 14.36 0.51
Point 5 40.26 47.67 0 0 0.2 10.96 0.92
Point 6 20.32 63.3 4.15 10.29 0.18 1.65 0.12
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Fig. 3. XRD results of corrosion product on the inner
surface
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Fig. 4. EDS result of copper tube

Table 2. Chemical analysis of Copper tube (wt%)
Cu Pb Zn Sn
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Table 3. Chemical analysis and management standard of water supply

H Turbidity Hardness Na Ca Fe Cr NO; SO
p (NTU) |(mg/L as CaCO;)| (mg/L) (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L)
Water supply 6.9 0.06 56 8.1 18.7 <0.05 17.7 1.5 8
Management standard | 5.8~8.5 <0.5 <300 <200 | Not established | <0.3 <250 <10 <200
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Table 4. Chemical analysis of the field-used water

Fe Ca Na cr NO, ok -
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) P
Water A <0.1 21.6 12.1 24.4 1.5 13.1 6.3
Water B <0.1 75.5 78.8 25.2 281.7 10.6 6.6
Table 5. Management standard of Korea boiler water [20]
H Cr Turbidity Hardness NO*
P (mg/L) (NTU) (mg/L as CaCO,) (mg/L)
Management standard >8 <180 <10 <50 > 400
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(a) HCI Solution
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Fig. 5. (a) Potentiodynamic polarization curves in HCI solution at different pH, (b) Corresponding E
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Table 6. Potentiodynamic polarization test results

values extracted from the polarization curves in (c)

E.on Lo E, |E it = Econl Corrosion rate

(mV) (nA/em’) (mV) (mV) (mmpy)

Water A -14.3 0.18 22.6 36.9 0.00166

Water B -10.1 0.46 70.3 80.4 0.00398

pH 4 (HCI) -16.8 1.76 - - 0.01532

pH 6 (HCI) -77.6 0.51 49.7 127.3 0.00457

pH 10 (HCI) -75.2 0.33 50.3 125.5 0.00290

pH 4 (HCI + HNO;) 23.9 2.24 - - 0.01959

pH 6 (HC1 + HNO,) -84.4 0.64 13.3 97.7 0.00549

pH 10 (HC1 + HNO;) -99.6 0.87 83.7 183.3 0.00780
FojA|7] ol HAe] TEESEE THAE F Sles Tl ARIE AR A Wik Al A7) Sl
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4.2 Z7191 HCO,/S0,> < 1 &} Y& £5(40°C ©]3})
= RESSEAL, Type 1 32419 4] A/3=<] Malachite
Felg A, B, e AREAS Bl P4 2 aasigth B WSl pHE Type 2 849
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