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Dynamic Boric Acid Conrosion of Low Alloy Steel for Reactor Pressure Vessel
of PWR using Mockup Test
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This work is concerned with an evaluation of dynamic boric acid corrosion (BAC) of low alloy steel for
reactor pressure vessel of a pressurized water reactor (PWR). Mockup test method was newly established
to investigate dynamic BAC of the low alloy steel under various conditions simulating a primary water
leakage incident. The average corrosion rate was measured from the weight loss of the low alloy steel
specimen, and the maximum corrosion rate was obtained by the surface profilometry after the mockup
test. The corrosion rates increased with the rise of the leakage rate of the primary water containing boric
acid, and the presence of oxygen dissolved in the primary water also accelerated the corrosion. From the
specimen surface analysis, it was found that typical flow-accelerated corrosion and jet-impingement occurred
under two-phase fluid of water droplet and steam environment. The maximum corrosion rate was determined
as 5.97 mm/year at the leakage rate of 20 cc/min of the primary water with a saturated content of oxygen
within the range of experimental condition of this work.
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Fig. 1. Schematic drawing of the mockup test section for dynamic boric acid corrosion of the low alloy steel specimen.
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Table 1. Chemical composition of the low alloy steel used in this work (wt.%)

C Si Mn P S Ni Cr Mo A\ Al Cu Ti Co Fe
0.022 0.21 1.22 0.007 | 0.002 0.68 0.17 0.46 0.001 | 0.021 0.03 0.002 | 0.005 Balance
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Fig. 2. Temperature and pressure changes with test time during the mockup test.

W SAR o2 AR S5 wEHel] WA S 1)
12 Al B2t rA s s Akt
PPN oTHE T £ 10 D 20
cc/min®] 5 99 A V1E 2R 2
AP =25 AA8I 1, Type 304 AHIQIGAZS A
sto] W Tk oz AT AAl rA S
5~10 cc/min, 15~20 cc/min®. & A=At
A 12 Alg B2 ket 2 BARE A3 84

o)
T
S A|AEIO 2 HE] BAL w58 B8] FEET, 24 AJH

il

N

Y oo 1o

O

=

- ,

I b Alo] = YA AR wiEE AL, ThA] T A
How #uIth A 4] 259} S T A|AE
o] dd7]e} 18t FEE o] gsto] A I FAENS 2%
o} o+ @4 2 71E AY AE upgo g Aojsknh
AF NS Fgel Bt (HsBOs) ¥ Fatste]E (LiOH)
S g8k, B2} Lig H%7F 22 1000 ppm % 2 ppm©]

HEE AFsgich 2y 99 8F A4 (dissolved
oxygen, DO)&= 27H4] A0 7 Aojwgl=d], BAAl

CORROSION SCIENCE AND TECHNOLOGY Vol.12, No.2, 2013

12 Als W24 8788 BAFE A9 85 4 (dissolved
hydrogen, DH) %% 30 cc/kgl.® Z43s}e] DO < 5
ppb8 & FASIES AAH A, FAAA] FA F
Y= Ak} Hoke 8-S AN A9 Ak 2417191
< FABIES Aot AT AY

=
A zavct 159 e 11Est IyE A

o)
©)
Il
0]

k]
k]
5
T
EN
)

o7

A FaF P4 ARE AFste] A A 7
4 &g 25k Aske AAE 4 ABE 90 °C

FE 308 &<k 17tsto] FAEGom, o] oA A
27 AA 2] A 8 QY FA g o) 4%t
it 2 £% (CRy, mm/year) &= 4 (D)ol g3l 73k
E1r.11)

15 wt% NaOH €9o] =gk & 100 mA/cm?2] g+ =
0]
A<

M

87



SUNG-WOO KIM, HONG-PYO KIM, AND SEONG-SIK HWANG

Flow direction

X165 APopm B13S KAERT
4 '

izeky

{

ey

Fig. 3. SEM photographs of the surface of the low alloy steel (a) at initial region(just beyond the injection nozzle), (b) at medium
region and (c) at final region along the flow direction after the mockup test for 1 month at the leakage rate of 20 cc/min of

the primary water with DO = 8 ppm.
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Fig. 4. (a) Corrosion rates measured from weight loss and surface depth profile, and SEM photographs of the surface of the
low alloy steel at initial region(just beyond the injection nozzle) after the mockup test for 1 week at the leakage rate of (b)
10 cc/min and (c¢) 20 cc/min of the primary water with DO = 8 ppm.
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Fig. 5. (a) Corrosion rates measured from weight loss and surface depth profile, and SEM photographs of the surface of the
low alloy steel at initial region(just beyond the injection nozzle) after the mockup test for 1 month at the leakage rate of 20
cc/min of the primary water with (b) DO < 5 ppb, and (c) DO = 8 ppm.
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