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In this study, a corrosion failure analysis of a heat transport pipe was conducted, as the result of a pinhole
leak. Interestingly, the corrosion damage occurred externally in the pipeline, resulting in severe thickness
reduction near the seam line. Also, while a stable magnetite protective film formed on the inner surface,
the manganese oxide formation occurred only on the outer surface. The interior and exterior of the pipe
were composed of ferrite and pearlite. The large manganese sulfide and alumina inclusions were found
near the seam line. In addition, the manganese sulfide inclusions resulted in grooving corrosion, which progressed
in the seam line leading to the reduction in the thickness, followed by the exposure of the alumina in
the matrix to the outer surface. To note, the corrosion was accelerated by pits generated from the boundaries
separating the inclusions from the matrix, which resulted in pinhole leaks and water loss.
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Fig. 1 Schematic of (a) heat transport pipe line, (b) after
temporary maintenance and (c) disassembly procedure of
polyurethane, clamp and high density polyethylene.
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Table 1 Nominal chemical composition for KSD 3562 and failed steel [11]
Element (wt%) Fe C Si Mn P S
KSD 3562 Bal. 0.3 0.35 03 ~1 0.04 0.04
Failed steel Bal. 3.27 0.08 1.66 0.01 0.03
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Fig. 2 Measurement positions and sample dimension for failure analysis on corroded heat-transport pipe.
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Fig. 4 Thickness measurements for (a) damaged part (specimen
15 shown in Fig. 1), (b) undamaged part (specimen 16 shown
in Fig. 1), and (c) water existed between metal clamp and HDPE
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Fig. 5 X-ray diffraction patterns on (a, b) inner surface

Table 2 EDS measurement results (in wt%)

T T T
10 20 30 40 50 60 70 80 90
2Theta

and (c, d) outer surface in the damaged and undamaged part.

Element (wt%) Fe ¢ Si Mn P S
Inner 64.14 26.61 0.17 0.60 5.73 0.09
Outer 71.15 25.82 0.27 0.62 1.65 .
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Fig. 6 Microstructures composed of ferrite and perlite in (a) seam line (specimen D-a shown in Fig. 1), (b) heat affected zone
(specimen D-b shown in Fig. 1), and (c) non seam line (specimen @@ shown in Fig. 2).

Fig. 7 Microstructures with inclusions in the cross section of damaged part (a) specimen M-a shown in Fig. 2 and (b) specimen
@ shown in Fig. 2.

Table 3 EDS measurement results for the spots shown in Fig. 7 (in wt%)

Position Spot 1 Spot 2 Spot 3 Spot 4 Spot 5
Fe 84.39 79.58 42.69 89.01 0.18
C 4.97 11.34 3.78 3.52 4.36
(0] 2.96 2.59 2.70 2.95 41.24
Al . . . . 52.40
Si 0.66 0.64 0.53 0.06 0.08
P 3.24 3.13 2.70 0.61 0.03
S 0.41 0.39 13.60 0.67 0.30
Mn 3.39 2.34 34.02 2.57 1.41
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gk, B4kl (Fig. 8a—c)<> 0.5 w|¥ke] 22 Al Eo] &

3 Q1= Wb, kel (Fig. 8d—)-> 0.5 o142 & /A& Fig. 9= &4 nAdekl gl Aeple] ddel A s
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& o) szt AAE ] A4 Equation (1) 3 22 A= EDS 42 &3 2H2he] shehs 24S B gl
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of 42 7HE7]= 98-S it [13,14]. Table 1] B2 pm %
Fig. 8 MnS inclusions found in the damaged part shown in Fig. 1: (a-c) specimen @@ and (d-f) specimen D-a.

Table 4 EDS measurement results for the MnS inclusions shown in Fig. 8 (in wt%)
Fig. 8a-8c (specimen @) Fig. 8d-8f (specimen (D-a)
Spot 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fe 3247 | 75.71 | 26.09 | 21.83 . 32.05 | 50.99 | 20.02 | 14.78 | 19.96 | 27.70 . . 32.49

C 10.97 | 5.51 1140 | 974 | 11.13 | 836 | 10.18 | 10.20 | 14.06 | 12.25 | 12.03 | 12.48 | 12.81 | 11.50
(6] 3.38 4.08 3.20 3.02 0.72 2.88 3.41 2.00 5.53 3.54 5.38 2.51 5.08 5.02
Si 0.33 0.87 0.35 0.75 0.31 0.33 0.65 0.09 0.72 0.42 0.65 0.36 0.22 1.26
0.41 0.57 0.12 0.42 0.16 0.22 0.46 0.07 5.23 4.98 6.61 533 4.18 5.83

S 17.09 | 4.63 | 19.20 | 19.50 | 28.69 | 17.17 | 9.96 | 20.26 | 18.75 | 16.50 | 13.99 | 24.81 | 2427 | 12.77
Mn | 3535 | 8.63 | 39.64 | 44.75 | 57.28 | 38.98 | 24.35 | 47.36 | 40.93 | 42.63 | 33.64 | 51.53 | 52.58 | 31.13
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Fig. 9 Microstructures with AL,O; inclusions found in the damaged part shown in Fig. 2: (a-b) specimen @0, (c-e) specimen D-a.

Table 5 EDS measurement results for the ALLO; inclusions shown in Fig. 9 (in wt%)

Fig. 9a-9b (specimen (0) Fig. 9c-9¢ (specimen D-a)
Spot 1 2 3 4 5
Fe 0.18 - 0.19 0.38 0.25
C 4.36 - 4.37 291 3.58
¢] 41.24 44.79 34.78 36.06 36.33
Al 52.40 55.21 54.17 49.21 53.50
Si 0.08 - 0.09 0.02 0.08
P 0.03 . 3.83 2.92 3.56

0.30 . 0.62 0.34 0.27
Mn 1.41 . 1.96 1.95 242

2 73 Qi kel (Fig. 9c—e)dlE  ulgrt "olA Uk $4)50] Bo] wglon], o] Al

2 pm ol4e] RS0 BT YT, oA o Be aRud gl EAET 98 35
o dRnsl RARRE "eld Uzt EAFig B 4 vk

10a-b) & BAE 5 Y], ol AW AAe] B4 T £AFe) AReNRE iAo el o SEM

(E2Y T %) AR} mAN O Beke) Wl AduFg 8, Fig 9), 916 BAgle] £4R-0] vzl

]
of AnpE#] ¢kar wAjRE-E] HojA Lt 20w Attt 2 AE] el A bRt Bl ARy iAol EAst
53], vl 2kl (Fig. 10a) Bt A2kl (Fig. 10b) oA &7 g GAT F Uitk F= 3Pt (Fig. 8) 73

rox
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