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Corrosion tests and assessments of nuclear reacter pressure vessel materials in
solutions containing sea water and boric acid

Kaneko, Hiroyuki
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Following the accident during 2011 at the Fukushima Daiichi nuclear plant, sea
water for cooling and boric acid for maintaining a non-critical condition, both corrosive liquids, were
injected into nuclear pressure vessels. An experimental study was undertaken to provide an accelerated
corrosion test on SA533B low alloy steel and Inconel 600, materials used in the construction of the
pressure vessels. Samples of these materials were immersed in saturated NaCl and concentrated H3BO3
aqueous solutions at a temperature of 423K. SA533B suffered little or no corrosion in saturated NaCl
solution, significant corrosion in concentrated H3BO3 solution and substantial corrosion in the binary
saturated NaCl - concentrated H3BO3 solution. Galvanic corrosion of SA533B was accelerated when Inconel

600 was also_immersed in the same solution and the two samples were electrically connected. Corrosion
rate in the initial stage was 0.07 mm per hour.
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Fig. 1 Schematic diagrams ofthe  boiling water reactor pressure  vessel: (a) A diagram
of the usual vessel and (b) A model of the damaged vessel.
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Table 1 Chemical compositions of solutions.(NaCl-H,B03-H,0)

NaCl H3BO; H0
Amount 20.00g 20.00g 25.00g
Maximum
concentration 13.7 mol/kg 12.9 mol/kg
7.23 mol/ki .
423K & . 12.9 mo/kg?
(Saturated concentration)
6.71 mol/k; 6.15 mol/k
373K /kg /ke
(Saturated concentration) (Saturated concentration)
6.14 mol/k; 0.93 mol/k;
208 K /kg /ke

(Saturated concentration) (Saturated concentration)

*1) Three solutions with the same amount of H,0 were prepared: 20.00 g NaCl and
20.00 g H3BO3 in 25.00 g H,0 (as a NaCl-H3BOj3 solution); 20.00 g NaCl, in 25.00 g
H,0 (as a NaCl solution); 20.00 g H3BOs in 25.00 g H,0 (as a H3BOj3 solution)

*2) At 423 K, the maximum concentration (12.9 mol/kg) of H3BO3 s lower than the
saturated concentration (19.4 mol/kg).
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Table 2 Chemical compositions of solutions (NaCl-H,B0,-Na,B,0,-H,0)

Solution : NaCl-H3BO3-H,0 - NaCl-H3BO3-Na,B407-H,0
(acidic) B(OH)s > BsOg > HB,07 > B,05* (basic)
Sodium pentaborate 6H3B03+Na,B,0;>2NaBs0g*xH,0

Sodium hydrogen tetraborate 4H3;BO3+Na,B,0;,>2NaHB,0;*xH,0

*Temp. : 150°C  -Time: 4h (mollkg+H,0)
mol/kg-H,
reagent NaCl H3BO3 Na;B,0; | H,O
NaCl 20.00g — -
H3BO3 — 20.00g —
20.00g
NaCl-H3BO3 20,00 (12.9 molkg) — 25.00g
-00g
NaCl-NaBsOg (7.23 mollkg) 16.369 2.72g9
NaCl-NaHB,O7 10.00g 8.57g
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Fig. 2 Open-circuit potentials for SA533B, Ni-16Cr-7Fe alloy and Fe.
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Fig. 3 Polarization curves obtained at a sweep rate of 0.5 mV/s for SA533B
and Ni-16Cr-7Fe alloy.
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Fig. 4 Galvanic current densities for SA533B/Ni-16Cr-7Fe alloy and Fe/Ni-16Cr-
7Fe alloy couples.
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Fig.5 Dependence of galvanic current density and galvanic potential on chemical
composition of solutions for a SA533B/Ni-16Cr-7Fe alloy couple.
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Fig.6 Surface morphologies of SA533B after14.1 ks immersion.
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Table 3 Calculated corrosion rates of SA533B at 423 K.

NacCl H3BO3 NaCl-H3;BO;
Coupled with

Not coupled Not coupled Not coupled Nickel based superalloy
0.040 mm/h 0.065 mm/h 0.075 mm/h (External)

Not detected (35 cmy) (57 cmpy) (66 cm/y)
0.066 mm/h (Internal)

(58 cm/y)

0.07 mm/h’ 0.08 mm/h’
(60 cm/y) (70 cm/y)

* From the polarization analyses (see Fig. 3)
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