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ABSTRACT: The work aims to study the leakage of SF¢ from GIS cylinder 8 mm-thick aluminum tube in air chamber of a
main transformer in Zhejiang offshore, which has only operated for 3 a and then determine the cause of the accident. Through

the technical means of optical spectrum, metallography, SEM, EDS, and XRD etc, the possible causes of the leakage of SF¢ and
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pitting in the aluminum tube were discussed from the aspects of material, structure, environment, etc. Corrosiveness of

simulated environment was validated by electrochemical testing. Then, the effect of fireproofing mud on accelerated pitting

perforation of 5052 aluminum tube was revealed. The substrate material of corrosion sample was 5052 and the chlorine content

of fireproofing mud in contact with the etched sample was up to 24.5wt%. According to the GB/T 12007.3—1989, the inorganic

chlorine was about 3.3wt%. The dense microcracks caused by corrosion in turn promoted the transmission of corrosive medium.

Furthermore, area where the GIS was located lied on the coast. Annual Cl1* content of rainfall was up to 1.8 mg/L in the region in

2012. Rainfall was obviously acidic and had a pH of 4.64 at the same year. Both pH and Cl content were beneficial to

autocatalystic reaction of aluminum. The high chlorine content of fireproofing mud is the main reason for the rapid pitting and

perforation of the aluminum tube of the GIS cylinder, and the microcrack structure, acid rain and the coastal atmospheric

environment have a promoting effect.

KEY WORDS: fireproofing mud; GIS; aluminum tube; leakage of SFg; pitting perforation; CI
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Fig.1 Appearance of fireproofing mud
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Fig.2 External morphology of GIS cylinder aluminum tube
corroded and perforated in a main transformer in offshore
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Tab.1 Spectral composition of GIS cylinder
wt%

Si Mn Cr Al Cu Mg Fe
0.061 0.080 0.188 96.5 0.004 2.88 0.237
0.067 0.049 0.199 97.1 0.006 227 0.285
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Fig.3 Metallographic photo of GIS cylinder
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Fig.4 SEM images of the corrosive aluminum tube:
a) starting location; b) bulge in pitting hole
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Tab.2 EDS spectrum data of the aluminum tube corrosion sample in the starting and the bulging locations

wt%
Position (0] Mg Al Si S Cl Ca Fe P Total
Starting location 54.76 5.58 30.26 0.12 0.25 7.50 0.38 1.03 0.12 100
Bulginglocation 44.95 0.70 24.88 — — 29.46 — — — 100
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Fig.5 EDS of aluminum tube corrosion sample: a) starting location; b) bulge in pitting hole
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Fig.6 Chlorine contents in the different parts of
aluminum tube corrosion sample

6600 | st

6000 |
5400 | a
4800 |

= 4200 |

g 3600 |

© 3000 }
2400 |
1800 |
1200 | §

600 | ||| ey &«

o]

E/keV

K7 Bjkery EDS fERk
Fig.7 EDS of the fireproofing mud
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Tab.3 EDS spectrum data of the fireproofing mud

Element (0] Na Mg Al S Cl K Ca Fe
at% 62.30 0.16 0.14 5.64 14.94 0.21 15.21 0.86 0.10 0.53
wt% 45.61 0.17 0.16 6.96 19.20 0.30 24.53 1.54 0.18 1.34
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Fig.8 State of the fireproofing mud: a) dissolved with
potassium hydroxide-ethanol solution;
b) titrated with silver nitrate
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Fig.9 Polarization curves of aluminum tube corrosion
sample in 5.44% and 3.5% NaCl solution
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Tab.4 Corresponding data of the polarization curves

Solution Econ/V Joor/ (LA -¢cm 2) C, beta/V A, beta/V V,or/(mm-a™!)
5.44%NaCl -1.2116 5.49 0.0649 1.571 0.176
3.5%NaCl —1.1084 2.05 0.1250 0.906 0.0659
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