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Corrosion failure in the convection part of peak load boiler (PLB) of the district heating system led to
water leakage. Herein, Internal Rotary Inspection System (IRIS) inspection was employed to examine wall
thinning and the cause of leakage in the flue tube. The corrosive products of the turbulator and tube were
investigated using scanning electron microscope combined with energy dispersive spectroscopy, X-ray
diffraction, and inductively coupled plasma (ICP). Majority of the serious corrosion damage was observed
near the turbulator located in the upper flue tube. ICP analysis of the boiler water revealed oxide formation
of sodium chloride in the lower end part of the flue tube. A cross-sectional view of the turbulator revealed
the presence of double-layers of the oxide film, indicating environmental change during operation associated
with water leakage. The outer surface of the turbulator consisted of the acid oxides such as NOx and SOy
along with sodium and chloride ions. Dew-point corrosion is hypothesized as the main cause for the formation
of acid oxides in the region of contact of the flue tube and the turbulator.
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Fig. 1 (a) Schematics of peak load boiler and (b) lower end plate of convection part.
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Fig. 2 IRIS inspection results of PLB No.l1.
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Fig. 3 IRIS inspection results of PLB No.2.
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Fig. 4 (a) Seam line thinning of flue tube on IRIS inspection and (b) seam line of flue tube.

W 90710 ATHEL SFAVORNE 4 m FHE S, LAY 2AAY Bekow dlste] v wAskle 4 m
ElEdolE AAZ FSRR 123719 Awksel ey AAkg 6 m A4 AakE vlagtewA AA e o A%
FRAROZRE 6 m SR ATk A AR AR @ o] EBBeolE AN BANS o 4 AU

Fig. 29} Table 1] Yepfilch. AAF Aak= 718 Azbst PLB 23719 4%, F#E 201749 ?ﬂ&‘éﬂ] A7
S 7o ® we] AEHE g otk Hrke RIS AAFE &3l S =3tk ElEaole AA7t 57}4“
2] o] Aztet 3A] WakeA] HFA o= o]FojRrh 3 9 151 79 AHEL HFABHCERE 4 m S

A kel ElE oy itk et A Aol FA HEdoly AAZ 7Fs3d 50 el Aol tHoHH~

o] Qiglar, Azsk 7H5 07 913k upds ul WEo] w3t SHEAHOZHE 6 m 740 HATh AAF A9 Ao
ot} A5 YA A= HEwe g A7 W A 3 oA Fig. 37} Table 20 YeRfAtt F2d-2 15719 AL
FASATE o Z o A2 6 m HAPE AAE S

5 6 A o] MBS & 5 Sk ol 7y

ful

i

St 7§11 B (plugged) o] & E3& o H ¢

stel 2 & gt
1, 237] 3&HLCE 6 m HAAbelA O Azt 35
ghelgk = UL, 4 m AARIAE i oz vv]dh 7%
A gl 4= 9l ol 6 m HAP} ElEeolE 1
3 0ag S, 4 m AAPE A S0 P o
317] wj#o|t}. IRIS AAF A7 (Figs. 4, 5) & B A&
QS A3 T4 FA 9 JehE nolEn). Fig, 4]
ol AR B B4 i) AR H9E & W
2 %e] EARTL &S AT $HH Aol
& 1831 Sl o] Akl AR ZEH O] E]3d
o3 LU o)F WOl Fig. 55 B4 A8 HolFn
oH, I8 959 HAF &35 FEliA idelA 2o
WIS o 4 Qe RIS AN 8191 P51 9
& B Qg ol A=Egon, dne] gHHeA
ubgEhe A uh e eole] Fuols wash 4
o Qo)) Tl A7HeHS WolFAT). thiFel AwEE A
’ © 01270 Sl o W =RF o = A o3
Fig. 5 Pitting corrosion points on IRIS inspection. Al GRS AREIS W Stk off AR A3
7] el SR el A Ak el Etekal st

Table 3 The chemical compositions of area 1 and area 2 FA7F FoldSS ASME code [3]1E Ea <13}
Element (at%) Fe (0]
HAl M B
Area 1 41.26 58.74 32 74 dd=

IRIS ARE Fall 9 d=lo] BHagole] 51 914
Area 2 3236 o404 2 SQIF ). 2] AL 3] 8 kst 9149 E

58 CORROSION SCIENCE AND TECHNOLOGY Vol.18, No.2, 2019



CORROSION FAILURE ANALYSIS OF THE CONVECTION PART OF DISTRICT HEATING PEAK LOAD BOILER

Table 4 ICP results of the oxide powder in the turbulator

Element cr Na® NOy SO~
ppm 13.07 36.10 2.73 127.25
Table 5 EDS results of the oxide powder of the lower end plate
Element N (0] Na S Cl K Si
at% 8.975 48.535 20.015 9.5675 12.7 0.17 0.0375
Table 6 ICP results of the boiler water
Element Na Fe Al Mg Si Cl PO,
ppm 62.78 25.46 0.75 1.29 2.62 54.89 -
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Fig. 6 SEM images of the cross-sectional view of turbulator.
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