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This study aimed to elucidate causes of corrosion of heat transport pipes and air vents installed under a
manhole of heat transport facilities and suggest effective anticorrosive measures by applying paints or
adhesive tapes. It was found that air vent corrosion was attributed to corrosion under insulation caused by

the inflow of water and the enrichment of chloride ions. The infiltrated water
urethane foam (PUF) insulation by concentrating chloride ions at the interface

caused a hydrolysis of poly-
between a pipe and the PUF.

As insulator deteriorated, more chloride ions were eluted as confirmed by ion chromatograph (IC) anal-
ysis. As an effective method to prevent air vent corrosion, different types of paints and adhesive tapes with
higher corrosion resistance on chloride ions were applied and environmental resistance tests were per-
formed with those samples. Based on environmental test results of samples exposed to 10% HCI solution,
it was revealed that a wax tape was the most adequate from a viewpoint of stability at operating condition,

environmental resistance, surface treatment, and field applicability.

Keywords: District heating system, Air vent, Corrosion, Chloride ion, Adhes

ive tapes
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Table 1. Nominal chemical composition of SPPS250 [wt%]
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Fig. 1. Schematic of heat transport pipe and air vent located
under the manhole

Element C Si P S Fe
wt% 0.3 0.35 0.30~1.00 0.040 0.040 Bal.
Table 2. Descriptions of unused and used insulation samples for IC analysis
Thermal insulation sample Descriptions

1 Unused sample

Unused polyurethane foam

Supply pipe installed in 1991

Installed in 1991 and collected together with the used supply pipe

Supply pipe installed in 1992

Supply pipe completed in 1992 with a pipe diameter of 600A (Insulation collected only)

Supply pipe completed in 1993 with a pipe diameter of 700A (Insulation collected only)

Supply pipe installed in 1990s

Samples collected together with supply pipe (700A) and air vents built in 1990s

2
3
4 Supply pipe installed in 1993
5
6

Supply pipe installed in 1990s

Samples collected together with supply pipe (500A) and air vents built in 1990s
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Table 3. Types and features of paints and/or tape

Paint and/or tape sample

Descriptions

Butyl primer,
1 Butyl sealant tape,
Butyl rubber tape

Anti-corrosion measures for vulnerable parts of corrosion after 2016

2 Butyl primer Anti-corrosion measures for vulnerable parts of corrosion before 2008
3 Butyl primer, Sample for applicability judgment to the existing applied anticorrosive method (Butyl
Polyimide film tape primer)
.. Available up to 220 °C
4 Polyimide film tape SA3 (ISO 8501-1) or higher surface preparation required
5 Acrylic adhesive Available up to 120 °C
(1577CW-WM, 1579GCW-WM) SA3 (ISO 8501-1) or higher surface preparation required
6 Primer, Available up to 110 °C
Wax tape Consists of microcrystalline wax, plasticizer and corrosion inhibitor

Paint and/or tape sample Schematics of the tested samples
Butyl primer, ——» Butyl rubber tape
1 Butyl sealant tape —— Butyl S%dlanif tape
’ e
Butyl rubber tape Metal utyl primer
i Butyl primer
2 Butyl primer ] yip
3 Butyl primer = Polyimide film tape
Polyimide film tape Metal Butyl primer
4 Polyimide fim tape Metal =— Polyimide film tape
5 Acrylic adhesive — 1577CW-WM
(1579GCW-WM, 1577CW-WM) Metal > 1579GCW-WM
6 Primer, P> Wax tape
Wax tape Metal T L— Primer

Fig. 2. Selected paint and/or tape samples for experiment
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Fig. 3. Schematic of heat transport pipe and air vent located under the manhole
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Fig. 4. Schematic of heat transport pipe and air vent located under the manhole.
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Table 4. Analysis of chloride ions eluted from insulator

Thermal insulation sample Chloride ion (ppm)
1 Unused sample 18.143
2 | Supply pipe installed in 1991 9.104
3 | Supply pipe installed in 1992 3.462
4 | Supply pipe installed in 1993 2.748
5 | Supply pipe installed in 1990s 12.666
6 | Supply pipe installed in 1990s 8.466

al ==

Heat transport pipe

Fig. 5. Heat transport pipe and insulator installed in 1991,
a) Visual observation of the sample cross-section, b)
Chloride ion analysis within the insulator
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Fig. 6. Visual observation results before and after high-temperature repeated experiment in the box furnace
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Fig. 7. Environmental test results of paint and/or tapes samples performed in HCI solution at room and high temperatures
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Fig. 8. Environmental test results of samples after peeling of paint and/or tapes performed in HCL solution at room and high
temperatures
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Fig. 9. Mechanism of corrosion in heat transport equipment
Table S. Comprehensive summary results of paint and/or tape samples
No Paint and/ Stability at operating Environmental Surface Field
’ or tape sample temperature resistance requirements applicability
Butyl primer,
1 Butyl sealant tape, Bad Good Low Not good
Butyl rubber tape
2 Butyl primer Bad Bad Low Bad
Butyl primer,
3 Polyimide film tape Bad Good Low Not good
4 Polyimide film tape Good Bad SA3 or higher Not good
Acrylic adhesive
5 (1579GCW-WM, Good Good SAS3 or higher Good
1577CW-WM)
6 Primer, Good Good Low Better
Wax tape

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.2, 2023



MIN JI SONG, GAHYUN CHOI, WOO CHEOL KIM, AND SOO YEOL LEE

A o] % FAZAEGETL ZhakE A ettt BaE gl
o} [12,13].

ArEdn] oA 7 A ] ks A%
Shof] kA, F3HAQl A1E Table 5ol YeERQITE 12
& A g Ad Aol 7 AN AL7bs
9] o H-= elsto] BrekGlvh. 4 a s AlES
oM Ag317] $JsiAd= SA3 (ISO 8501-1) o)A
FRAA7F ==, 7] AAE cofHlE 2 A
o] 7% ol5 AL o HWAP QA
o] vr Wax Ho|XZE A&k Zloj(e A1E) 7}
< Agte] Woltha gekEch

o7

o
iy
rhu

Qo] WE o] AAE up 2 ofohie
of 4 2113} EIQ) A Weko A A 7
£ et AT S A A3k WE
ol Qg P4 58 B FAS, eaw
o) fSlo] 419 TEE AT YT B, dAA
Q)& §EAIM, AskaE o Be P da

SRk, oloTilEe] B4 ) Wero 2
ERAY QTAo] e 42 HolTE AHgHe 4
o] 7P a¥td o et

Acknowledgement
AT FEAgEEIALY] AdS ol ATE
S L

References

1. J. Kim, Y. S. Kim, H. Kim, J. Yoon, Effect of operating
temperature conditions in 21-year-old insulated pipe for a
district heating network, Case studies in thermal engi-
neering, 27, 101265 (2021). Doi: https://doi.org/10.1016/
j.csite.2021.101265

2. L. Doyle, 1. Weidlich, Effects of thermal and mechanical
cyclic loads on polyurethane pre-insulated pipes, Fatigue
& Fracture of Engineering Materials & Structures, 44,
156 (2021). Doi: https://doi.org/10.1111/ffe.13347

3. H. Kim, H. Chae, J. Cho, W.C. Kim, J.C. Jeong, H. Kim,
J.G. Kim, S.Y. Lee, Corrosion failure analysis of air vents
installed at heat transport pipe in district heating system,
Corrosion Science and Technology, 19, 189 (2020). Doi:
https://doi.org/10.14773/cst.2020.19.4.189

4. J. Cho, H. Chae, H. Kim, J.G. Kim, W.C. Kim, J.C.

10.

11.

13.

Jeong, S.Y. Lee, Failure analysis of air vent connected
with heat supply pipeline under manhole, Corrosion Sci-
ence and Technology, 19, 196 (2020). Doi: https://
doi.org/10.14773/cst.2020.19.4.189

. Y.S. Kim, H. Chae, W.C. Kim, J.C. Jeong, H. Kim, J.G.

Kim, S.Y. Lee, Failure analysis on localized corrosion of
heat transport pipe in district heating system, Corrosion
Science and Technology, 19, 122 (2020). Doi: https://
doi.org/10.14773/cst.2020.19.3.122

. H.S. Kim, GB. Kim, L.H. Kim, Development of a fail-

ure probability model based on operation data of thermal
piping network in district heating system, Korean chem-
ical engineering research, 55, 322 (2018). Doi: https://
doi.org/10.9713/kcer.2017.55.3.322

. H. Song, E. Lee, D. Jung, 1. Kim, Seasonal and regional

concentrations of chemical composition in rainwater in
daegu area, Journal of Korean Society of Environmental
Engineers, 28, 522 (2006). Doi: https://doi.org/10.1016/
S1352-2310(01)00198-4

. G Jung, J. Lee, W. Kim, J. Kim, S. Yun, Wet Deposition

of Heavy metals in Suwon Area, Korean Journal of Envi-
ronmental Agriculture, 26, 116 (2007). Doi: https://
doi.org/10.5338/KJEA.2007.26.2.116

. Y. Song, G Jiang, Y. Chen, P. Zhao, Y. Tian, Effects of

chloride ions on corrosion of ductile iron and carbon steel
in soil environments, Scientific reports, 7, 6865 (2017).
Doi: https://doi.org/10.1038/s41598-017-07245-1

Q. Gao, Y. Pojtanabuntoeng, M. Esmaily, S. Thomas, M.
Brameld, A. Amer, N. Birbilis, A review of corrosion
under insulation: A critical issue in oil and gas industry,
Metals, 12, 561 (2022). Doi: https://doi.org/10.3390/
met12040561

S. Hcerle, F. Mazaudier, Ph. Dillmann, G. Santarini,
Advances in understanding atmospheric corrosion of
iron. II. Mechanistic modelling of wet—dry cycles, Cor-
rosion science, 46, 1431 (2004). Doi: https://doi.org/
10.1016/j.corsci.2003.09.028

. E. D. Mackey, T. F. Seacord, Guidelines for using stain-

less steel in the water and desalination industries, Jour-
nal American Water Works Association, 5, 158 (2017).
Doi: https://doi.org/10.5942/jawwa.2017.109.004

S. Kim, J. Lee, J. Kim, W. Kim, Effect of the crevice for-
mer on the corrosion behavior of 316l stainless steel in
chloride-containing synthetic tap water, Metals and mate-
rials international, 24, 516 (2018). Doi: https://doi.org/
10.1007/s12540-018-0062-2

CORROSION SCIENCE AND TECHNOLOGY Vol.22 No.2, 2023


https://doi.org/10.1016/j.csite.2021.101265
https://doi.org/10.1016/j.csite.2021.101265
https://doi.org/10.1111/ffe.13347
https://doi.org/10.14773/cst.2020.19.4.189
https://doi.org/10.14773/cst.2020.19.4.189
https://doi.org/10.14773/cst.2020.19.4.189
https://doi.org/10.14773/cst.2020.19.3.122
https://doi.org/10.14773/cst.2020.19.3.122
https://doi.org/10.9713/kcer.2017.55.3.322
https://doi.org/10.9713/kcer.2017.55.3.322
https://doi.org/10.1016/S1352-2310(01)00198-4
https://doi.org/10.1016/S1352-2310(01)00198-4
https://doi.org/10.5338/KJEA.2007.26.2.116
https://doi.org/10.5338/KJEA.2007.26.2.116
https://doi.org/10.1038/s41598-017-07245-1
https://doi.org/10.3390/met12040561
https://doi.org/10.3390/met12040561
https://doi.org/10.1016/j.corsci.2003.09.028
https://doi.org/10.1016/j.corsci.2003.09.028
https://doi.org/10.5942/jawwa.2017.109.004
https://doi.org/10.1007/s12540-018-0062-2
https://doi.org/10.1007/s12540-018-0062-2

