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Effect of Cr content on the FAC of pipe material at 150C
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Flow accelerated corrosion (FAC) of the carbon steel piping in nuclear power plants (NPPs) has been major
issue in nuclear industry. During the FAC, a protective oxide layer on carbon steel dissolves into flowing
water leading to a thinning of the oxide layer and accelerating corrosion of base material. As a result,
severe failures may occur in the piping and equipment of NPPs. Effect of alloying elements on FAC of
pipe materials was studied with rotating cylinder FAC test facility at 150°C and at flow velocity of 4m/s.
The facility is equipped with on line monitoring of pH, conductivity, dissolved oxygen(DO) and temperature.
Test solution was the demineralized water, and DO concentration was less than 1 ppb. Surface appearance
of A 106 Gr. B which is used widely in secondary pipe in NPPs showed orange peel appearance, typical
appearance of FAC. The materials with Cr content higher than 0.17wt.% showed pit. The pit is thought
to early degradation mode of FAC. The corrosion product within the pit was enriched with Cr, Mo, Cu,
Ni and S. But S was not detected in SA336 F22V with 2.25wt.% Cr. The enrichment of Cr and Mo seemed
to be related with low, solubility of Cr and Mo compared to Fe. Measured FAC rate was compared with
Ducreaux’s relationship and showed slightly lower FAC rate than Ducreaux’s relationship.
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EFFECT OF CR CONTENT ON THE FAC OF PIPE MATERIAL AT 150 C
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Fig. 1. Optical micrographs of specimens etched in nital for
several seconds. (a) SA106 Gr.B; (b) SAS08Gr.3; (c) A534 8620H;
(d) SA508Gr.4N; (e) A336 F22V
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Table 1. Major chemical compositions of specimens (wt%)
Cr Mo C Cu Mn Ni S Fe
SA106 Gr.B (a) 0.02 0.01 0.19 0.04 0.37 0.02 0.006 bal
SA 508 Gr.3 (b) 0.17 0.46 0.22 0.03 1.22 0.68 0.002 bal
A534 8620H (c) 0.61 0.21 0.21 0.20 0.88 0.48 0.018 bal
SAS08 Gr.4N (d) 1.80 0.49 0.18 0.00 0.33 3.44 0.002 bal
A336 F22V (e) 2.40 0.90 0.10 0.10 0.40 0.10 0.001 bal
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Fig. 2. FAC test specimen holder.
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Fig. 3. Surface appearance after FAC test for 190 hours. (a)
SA106 Gr.B; (b) SA508Gr.3; (c) A534 8620H; (d) SAS08Gr.4N;
(e) A336 F22V
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Table 2. The SEM-EDS analysis of each specimens (Wt%)
Material Location Fe Cr Cu Ni Al Si Mn S (0]
Bulk composition 99.11 0.02 0.04 0.02 . 0.22 0.37 0.006 .
Sérl.g6 Exterior of pit 9672 000 000 000 000 034 055 0000 936
Interrior of pit 92.59 0.10 0.62 0.65 0.00 0.23 0.43 0.304 18.06
Bulk composition 99.12 0.17 0.03 0.68 . 0.21 1.22 0.006 .
Exterior of pit 94.82 0.00 0.00 0.00 0.00 0.19 0.93 0.000 22.36
Interrior of pit
SA508 (Without corrosion 95.31 1.28 0.74 0.00 0.00 0.00 1.64 0.000 1.05
Gr.3 product)
Interrior of pit
(Covered corrosion 75.93 1.85 1.81 1.84 0.70 0.16 2.89 1.377 24.13
product)
Bulk composition 97.01 0.61 0.20 0.48 . 0.35 0.88 0.018 .
82;3?{ Exterior of pit 84.38 0.99 0.26 0.62 0.00 0.22 1.02 0.401 18.37
Interrior of pit 54.53 4.23 1.32 10.99 5.70 0.29 0.21 5.781 17.09
Bulk composition 93.52 1.80 0.00 3.44 . 0.21 0.33 0.002 .
SG?Z?\? Exterior of pit 87.08 2.52 0.91 3.73 0.00 0.15 0.21 0.000 16.00
Interrior of pit 75.13 9.59 1.16 3.23 0.77 0.20 0.07 1.052 22.26
Bulk composition 95.63 2.40 0.10 0.10 . 0.10 0.40 0.001 .
SF/;;if Exterior of pit 85.27 2.70 0.51 0.00 0.00 0.00 0.30 0.111 16.12
Interrior of pit 63.55 8.50 3.60 0.51 0.47 0.24 0.00 0.181 23.40
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Fig. 4. Enlarged view of pit after FAC test for 190 hours. (a)
SA106 Gr.B; (b) SA508Gr.3; (c) A534 8620H; (d) SAS08Gr.4N;
(e) A336 F22V
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Table 3. Weight loss and mpy of each specimens

Material W.I FAC rate

(mg/cm2hr) (mm/year)
SA106 Gr.B (a) 0.022 0.64
SA508 Gr.3 (b) 0.004 0.11
A534 8620H (c) 0.004 0.12
SA508 Gr.4N (d) 0.003 0.10
A336 F22V (e) 0.001 0.05
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