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Failure Analysis of Air Vent Connected with Heat Supply Pipeline Under Manhole
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The air vent connected to a heat supply pipeline in the district heating system has been used to eliminate
the existing air in the pipe, which has a detrimental effect on corrosion durability and heat efficiency. Recently,
the air vent installed under a manhole for 22 years was corroded and several pinholes were detected in
the front-end of the air vent. To identify the cause of the failure, thickness reduction, corrosion products,
and water quality were examined. The corrosion damage was significant at the outside of the front-end
of the air vent where the insulator was covered. While a thin oxide layer was formed in the interior of
the tube, the coarse and porous corrosion products consisting of magnetite and hematite were found externally.
Water flowing into the thermal insulator was absorbed by the insulator following hydrolysis. The hydrolyzed
insulator ejected the corrosion factors such as CI, SO,*, and NH;". The findings suggest that the corrosion
under insulation due to rain water is the main cause of the underlying failure in the air vent.
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Fig. 1 (a) Picture of a leakage at the front-end under manhole, (b) schematic view of the installation of air vent, (c) structure

of the leaked air vent installed in the heat-transport pipe.
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Table 1 Nominal chemical composition of SPPS380 (wt%)
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Fig. 2 The corroded front-end samples removed from the air vent, (a) outside view with pinholes, and (b) inside view.
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Fig. 3 (a) Thickness measurements along the axial direction in the sample @ shown in Fig. 2b, (b) Cross-section view along

the hoop direction in the sample @ shown in Fig. 2b.
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Table 2 Chemical composition of the corrosion products on the samples ®-® (shown in Fig. 2b) measured by EDS (at.%)

Position Fe o P Zn Mg Al Si S Ca Cl K Mn
Inside 343 592 [ 399 | 058 | 032 | 0.31 | 0.22 | 0.20 0.17 | 0.14 | 0.10 | 0.48
Sample ® -
Outside 51.99 | 43.09 | 1.96 | 0.25 - 0.06 | 0.38 | 0.12 0.44 | 0.02 | 0.18 | 1.49
Inside 42 454 | 462 | 125 | 036 | 04 | 1.87 | 045 0.98 - 0.16 | 0.64
Sample @ -
Outside 343 43.1 | 3.99 - - - - - - - - 0.48
Inside 49.38 | 44.62 | 4.22 - - - 0.60 | 0.08 0.12 - - 0.67
Sample ® -
Outside 41.80 | 53.29 | 2.07 - - - 0.04 | 0.27 099 | 0.88 | 0.03 | 0.34
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Fig. 4 X-ray diffraction patterns of the inside and outside of the corroded areas.
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Fig. 5 Cross-section view of (a) pinhole area in the sample ® shown in Fig. 2b, (b) magnification of inside oxide layer shown
in (a), (c¢) magnification of outside oxide layer shown in (a).
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Table 3 Management standard and analyzed results of district heating water
Hardness Dissolved Conductivity Oxygen Fe Cu Ca Mg
pH (ppm) Owgen | grem) | SVEEE T oom) | opm) | (pm) | (ppm)
(ppm) (ppm)
Management | o, 1.5 0.02 0.1~ 0.5 0.3 0.02 - -
standard
DH Water
(Analyzed) 9.31 1.51 - 12.58 - 0.3 0.02 0.459 0.092
CORROSION SCIENCE AND TECHNOLOGY Vol.19, No.4, 2020 201



JEONGMIN CHO, HOBYUNG CHAE, HEESAN KIM, JUNG-GU KIM, WOO CHEOL KIM, JOON CHEOL JEONG, AND SOO YEOL LEE

= bl oS e e AsteS UEbl o of
o -4 QAkE AL itk clofflEs u 31&f]
R Qlel] = S5E AHEhL QAL B2A] vk
Te Bl BlEo] Solt 4 9l @0 ER ool HE
AsE 2ol gl]lolt, o] Ak WA 227t ]
o2 Al A o] TSt Bl ot dukte
spEo] | k2] APt o # 4 dEE S A
el o B2Aet Fa oz Qla] WAl o mR HA|A
HEA vl grato] FAE A Al A ElolE 5
ARS8k} bR 58 whethd gRe] vl s e

leglet dekEn)
ZAR =
£ A= FEshy A gd] A= AsUTh
References

1. H. Chae, H. Wang, M. Hong, W. C. Kim, J. G. Kim,
H. Kim, and S. Y. Lee, Met. Mater. Int.,, 26, 989 (2020).
https://doi.org/10.1007/s12540-019-00386-0

2. M. Hong, H. Chae, W. C. Kim, J. G. Kim, H. Kim,
and S. Y. Lee, Met. Mater. Int., 25, 1191 (2019)
https://doi.org/10.1007/s12540-019-00267-6

3. Y. Kim, H. Chae, M. Hong, M. J. Song, J. Cho, W.
C. Kim, T. B. Ha, and S. Y. Lee, Corros. Sci. Tech.,
18, 55 (2019).
https://doi.org/10.14773/cst.2019.18.2.55

4. M. Hong, H. Chae, Y. Kim, M. J. Song, J. M. Cho,
W. C. Kim, T. B. Ha, and S. Y. Lee, Korean J. Mater.
Res., 29, 11 (2019).
https://doi.org/10.3740/mrsk.2019.29.1.11

5. M. Hong, J. Cho, M. J. Song, W. C. Kim, T. B. Ha,
and S. Y. Lee, Corros. Sci. Tech., 17, 287 (2018).
https://doi.org/10.14773/cst.2018.17.6.287

202

6. S. B. Kwon, A study on the improvement of air vent
system in pipping, pp. 23 - 24, Land and Housing Institute
(1997).
https://www.codil.or.kr/viewDtlConRpt.do?gubun=rpt
&pMetaCode=OTKNRK500230

7. L. H. Kim, H. S. Kim, and G. B. Kim, Korean Chem.
Eng. Res., 55, 322 (2017).
https://doi.org/10.9713/kcer.2017.55.3.322

8. J. E. Park, K. S. Kyung, Y. M. An, and S. C. Kwon,
J. Korean Soc. Steel Const., 23, 569 (2011).

9. J. H. Kong and B. K. Sin, J. Korean Soc. Manuf. Technol.
Eng., 14, 81 (2005).
https://doi.org/10.14775/ksmpe.2017.16.4.119

10. E. R. Monazam, R.W. Breault, and R. V. Siriwardane,
Ind. Eng. Chem. Res., 53, 13320 (2014).
https://doi.org/10.1021/ie501536s

11. W. S. Kang, Proc. KFMA Annual Meeting, pp. 214
- 215, Korean Society for Fluid Machinery, Gangwon,
Korea (2017).

12. M. Y. Han, H. 1. Saleh, I. Y. Lee, and Y. J. Kim, Proc.
Eighth Int. Water Technology Conf., pp. 61 - 71,
International Water Technology Association, Alexandria,
Egypt (2004).

13. R. Javaherdashti, J. Mat. Sci. Surf. Eng., 2, 36 (2014).
http://www.jmsse.in/files/122corrosion%20under%20in
sulation%20%28cui%29%20a%20review%200f%20ess
ential%20knowledge%20and%20practice.pdf

14. J. S. Kim, News and Info. Chem. Eng., 29, 77 (2011).
https://www.cheric.org/PDF/NICE/NI29/NI129-1-0077.pdf

15. KOSHA GUIDE M-116-2012,
http://www kosha.or.kr/kosha/data/guidanceM.do?mode
=download&articleNo=263333 &attachNo=143482

16. KOSHA GUIDE M-143-2012,
http://www kosha.or kr/kosha/data/guidanceM.do?mod
e=download&articleNo=263355&attachNo=143504

CORROSION SCIENCE AND TECHNOLOGY Vol.19, No.4, 2020



