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Abstract

The thermally insulated underground pipelines have been used for district heating system. The sensor

wire embedded in the insulation was used for monitoring the insulating resistance between the sensor wire and the

pipe. The resistance measurement system detects corrosion of steel pipe under insulation. The corrosion and stress cor-

rosion cracking(SCC) characteristics of sensor wire in synthetic ground water were investigated using the electrochem-

ical methods and constant load SCC tests. The polarization tests were used to study the electrochemical behavior of

sensor wire. The sensor wire was passivated at temperatures ranging from 25 to 95°C. However, the applied sensing

current larger than passive current resulted in breakdown of passive film. The constant load SCC tests were performed
to investigate the effects of applied current and load on the fracture behavior. Stress-corrosion cracks initiated at pits

that were produced by sensing current. The growth of the pit involves a tunnelling mechanism, which leads to ductile

fracture.
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Table 1. The analyses of soil and ground water

FFNasIA A2 A2x (2002)

W.S. Ww.S. Ca M Na Ww.S. WS W.S. H dissolved resistivt
COs? | HCOr & cr | Nor | socz| P oxygen | CoSHVY
1 [ <000l| 005 [060-149| 066 | 060 | <10 | <10 | 330 | 78 15.9 490
2 | <0001 | 003 0.23 037 | 049 3.2 26 | 2908 | 56 154 1.99
3 | <0001| 006 0.26 027 | 054 6.7 <10 | 295 7 111 241
4 | <0001| 003 | 00048 | 0.0007 | 0.0032 | 441 174 | 436 | 69 45 2.16
5 | <0001 | 002 | 00023 | 00005 | 0.0037 | 30.6 93 | 446 | 67 5.8 2.88
unit wt% mg/kg (ppm) ppm KQcm
WET | WET | IcP | IcP | AAS IC
o] ZFa o)A}, o] AL T4l 7| Eo) 229 ASFo]  Table 2. Characteristics of synthetic ground water
doji}r) wi2ojct? FdY AL 79 viF-e} 99 o] CaCl, 133.2mg/ £
-3 2 & 3 3 ul o)
52 Qg A}7)&w] (autocatalytic) =& 2 Znjy] MgSO, - 7TH,0 —
402 FpEsETto FA9 A4 2 AR Aol A9
_ e - N = s A NaHCO; 208mg/ £
e Ao 2y FAo AYHZE A5 5 gt
FAlo] 44 o), e FASA gasty o™ A9 H:SO 8omg/ &
7} FAEZ Qe A T4 AAE ARFET)E 28 HNO; 22.2mg/ £
CLECER R L R oH 68
3 5 2 ) o u}
AT A G o2 st ZAALRY AFE W — oK Gem
st Abdvh 3 glek. mekd 784, F 9, 2 P TE——— —
AF Sol o} RAEHE Frhsted B ANAE A4 - saturation Incex =
B},
/\;

2.4
21, fMEE g2s

Quj v dx S Eok 2 IE4o] FAQx}, F pH, ¥]
A, 4842, 7Y, IS 5E AU
(Table 1).*' Table 1§ vlge 2 Ax3 AdF F&E59
Z AL Table 24 et gt}

Fig. 1ol duid A2 7325 el
o}, wig@I} AR A Aboel] A HAAFE T3] A
FE A%l FEAF € FFA=E AATH. AR
EZE X 2 MG g} ch-5AE o83t AbEd}
St} (Table 3).
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Fig. 1. Schematic circuit for the corrosion detection system.
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Fig. 2. Schematic diagram of preinsulated pipeline and sensing
system.
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Ni-19.4% Cr-1.32% Si-0.57% Fe-027% Mn) ¢t}
A2 2E-& AAT Fod xEAHe] 150%0.5 (P m2]
JAscko s AJ¥ste] AH834tEE) 2255 ANt ®
He o AR Bt A|H e Ar)sisty EFE EG
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4 20°C, 50T, 65T, 80T, 95C 2 L&A EIFA1HE
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Table 3. Current values(A) at various distance(m) and resistance(Q)
‘ resistance(@) | o000000 1000008 500009 100008 50000
distance(m)
100m 4.0398E-05 8.0594E-05 1.6038E-04 7.7113E-04 1.4717E-03
200m 3.5839E-05 7.1361E-05 1.4146E-04 6.6079E-04 1.2212E-03
300m 3.1316E-05 6.2268E-05 1.2310E-04 5.6371E-04 1.0201E-03
400m 2.6820E-05 5.3284E-05 1.0517E-04 4.7602E-04 8.5120E-04
500m 2.2344E-05 4.4379E-05 8.7549E-05 3.9474E-04 7.0313E-04
600m 1.7880E-05 3.5523E-05 7.0115E-05 3.1735E-04 5.6747E-04
700m 1.3421E~05 2.6686E-05 5.2759E-05 2.4159E-04 4 3718E-04
800m 8.9599E-06 1.7840E-05 3.5366E-05 1.6520E-04 3.0529E-04
900m 4 4887E-06 8.9549E-06 1.7820E-05 8.5682E-05 1.6352E-04
1000m 0 0 0 0 0
Potentiostat - _ ‘ J[‘L_
i ! HeatinQ: :
: system : / :
Weight - o C / RE o
\J ;A, Sensor Wire I
11 1L
&,M\_/AJ - —_—
Fig. 4. Schematic of the apparatus for constant load testing.
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Fig. 3. Schematic polarization test system.
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Table 4. Results of corrosion rate measurement by Tafel

Table 5. Mechanical properties of sensor wire

extrapolation Tensile Strength Yield Strength .
. % Elongation
25(C) 2 A4 < (mipy) (MPa/mm? (MPa/mm?)

25 9.3x107® 858 507 30.7%
50 24x107?
65 1.3x107?
80 35x10°2
95 46x107?
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Fig. 5. Potentiodynamic curves of sensor wire in synthetic
ground water.
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Fig. 6. Effect of temperature on pitting potential.
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Fig. 7. Schematic diagram showing anodic protection range and
pitting range.
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Fig. 8. SEM photograph showing pitting on sensor wire after
anodic polarization test in synthetic ground water at 80°C.
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Solution: Synthetic ground water
Temperature: 80°C
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Fig. 9. Applied current vs. time to fracture at an applied of 70%
yield stress.
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. Applied current: 1.6 x 10°A
\.\ Solution: Synthetic ground water
\\ Termperature: 80°C

Load(%YS)

2 4 6 8 10 12 14
Time to fracture(hour)

Fig. 10. Load vs. time to fracture at an applied current of 1.,,=
1.6x107*A.
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Fig. 11. Load vs. time to fracture at an applied current of i.,,=
1.6x 107*A for 1 hour/day.
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Applied curent: 1.5x 10°A
Solution: Synthetic ground water
Temperature: 80°C
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Fig. 12. Potential vs. time at various applied current(load=70%
yield strength.
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Fig. 13. SEM photograph of fracture surface after tensile test in
air.

scC
Fracture

Fig. 14. Schematic illustration of the fracture surface in sensor
wire after SCC test.
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Fig. 15. SEM photographs of fracture surface at an applied current of i.,= 1.5%x 10-*A(load="70%

yield strength) : (2) <200 (b) x 720.
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Fig. 16. Electrochemical model for SCC of a passive alloy by an-
odic metal dissolution at the zone of plastic deformation in
advance of the crack tip.
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Fig. 17. Schematic representation of tunnel model.
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Fig. 18. SEM photographs of fracture surface at an applied current of 4.5% 107 °A(load="70% yield
strength) : (a) x 200 (b) x 720.
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(a) 30% YS (b) 50% YS

SKKUN

(c) 70% YS (d) 90% YS

Fig. 19. SEM photographs of fracture surface with various applied loads(i.,= 1.6 X 107*A)
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