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A Study on Corrosion Characteristics of Thermally Insulated Underground Pipeline

M. C. Kang and J. G. Kim

Department of Metallurgical Engineering, Sung Kyun Kwan University

Corrosion failure of thermally insulated metallic surfaces has been attributed
to water migration through the shrink sleeves at the joint. Immersion and po-
larization tests in synthetic ground water were performed to evaluate the
mechanism and penetration rates of corrosion.. Although the chlorides in insu-
lation were leached out, the corrosion rates under insulated condition were
much lower than those under uninsulated condition. This is due to the forma-
tion of protective scales which provide corrosion resistance. These results also
showed that corrosion under insulation underwent active corrosion. Corrosion
rates increased with increasing temperature, indicating degradation of insulation
with tempaerature. X-ray diffractometry(XRD) and electron probe micro-anal-
ysis(EPMA) revealed that protective calcareous deposit(CaCO;) was formed on

the metal surface under insulation.

Keywords : insulation, underground, ground water, calcium-carbonate( CaCO;), low-car-

bon steel.
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Table 1. Chemical composition(wt.% ) and proper-
ties fo SPW 400

tensile strengt  yield strengh %

Fe C P h(N/mm®)  t(N/mm?) elongation

bal. <0.25 <0.040 <0.040 2400 2225 218

Table 2. Properties of polyurethane rigid foam

. thermal bending  compressive
density

(kg/m®)

water absorp

conductivity  strength strength
nductivity g g tion(g/em?)

{keal/mh.¢) (N/em®)  (N/em?)
<2545 <0.021-0.022 >15-35  210-30 230

Table 3. Welding procedure specification

welding process GTAW+WMAW

single-V joint with a 60-deg iacluded

ioint design angle and a 1.6-mm root face

electrode GTAW ER70S-G (6mm dia), SMAW
E7016H (3.2mm dia.)

voltage GTAW ; 12-15V, SMAW : 20-27V

current GTAW : 100-180A, SMAW : 140-250A

polarity GTAW : DCSP, SMAW : AC

travel speed GTAW : 20-30cm/min, SMAW : 20-40cm

welding atmosphere /min
argon, 15-25L/min
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Table 4. The analysis of soil and ground water

Ww.S. Ww.S. C M N W.S. W.S. W.S. H dissolved L
COy 2 HCO;‘ a g a cr- NO;,— SO,,' 2| P oxygen resistivity
1 | <0.001 0.05 [0.60-1.49 0.66 0.60 <1.0 <1.0 33.0 7.8 15.9 4.90
2 <0.001 0.03 0.23 0.37 0.49 3.2 2.6 29.8 5.6 15.4 1.99
3 | <£0.001 0.06 0.26 0.27 0.54 6.7 <1.0 29.5 7 11.1 241
4 <0.001 0.03 0.0048 | 0.0007 | 0.0032 44.1 17.4 43.6 6.9 4.5 2.16
5 <0.001 0.02 0.0023 0.0005 | 0.0037 30.6 9.3 44.6 6.7 5.8 2.88
unit wt% mg/kg(ppm) ppm kem
WET | WET | IcP | ICP | AAS 1.C
§24% (g/100cm) E%% x 100 Haz
base metal
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(g), C & 71£2%(g) oIt} &, A F 54
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Fig. 1. Schematic diagram of specimen.
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Fig. 2. Microstructures of weided SPW400 (a)
fusion zone (b) HAZ (c) base metal.
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Fig. 3. SEM micrograph of surface exposed for

11 years.
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Fig. 4. XRD spectra of a surface exposed for 11
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Fig. 5. EPMA image of surface layer exposed for
11 years.
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Fig. 6. Effect of temperature on saturation index.
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Fig. 7. Effect of temperature on corrosion rates
under uninsulated and insulated SPW400.
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Fig. 9. Effect of temperature on PUR degrada-
tion.
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Fig. 10. Variation of soluble chloride containment
in insulation with times.
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Table 5. The analysis of synthetic ground water

CaCl, 133.2mg/1
MgSO, 7H,0 59mg/1
NaHCO, 208mg/1
H,S0, 85mg/1
HNO, 22.2mg/1
pH 6.76
resistivity 1.736kZem
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Fid. 11. Variation of pH as a function of time.
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Fig. 12. Correlation of corrosion rates with humidi-
ty and resistivity at 80°C.
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Table 6. Weight loss of insulated SPW400 in dis-
tilled water and ground water

surface area initial weight final weight weight loss
(em’) (g) (g) (g/em?)
distilled water 188,03 55.9470 55.8352  5.9459x107*
ground water  192.69 56.3778 56.3054  3.7573x 107
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Fig. 13. Correlation of corrosion rates with humidi-
ty and resistivity at 95¢C.
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Fig. 14. Anodic polarization curves of uninsulated
SPW400 after 10-day exposure.
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Fig. 15. Anodic polarization curves of insulated
SPW400 after 10-day exposure.
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