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A Study on Single Phase Erosion—-Corrosion Characteristics of NPP Secondary
System Piping Materials depending on Aqueous pH at 130T (I)
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Abstract

In order to investigate the erosion-corrosion characteristics of carbon steel(A106 Grade B)
used at present as, and low-alloy steels(1Cr-%Mo and 2% Cr-1Mo) of its alternatives for the
secondary system piping material at nuclear power plants, the weight losses of the specimens
were measured after 500 hours in an oxygen-free aqueous solution at 130C under the flow
velocity of 4 m/sec, or partly under 9 m/sec, within the solution pHss¢ range from 8.0 to 9.5,
in an erosion—corrosion test loop. The weight losses of the low alloy steels containing Cr and
Mo were shown less than half of those of carbon steel, of which the weight loss under the
flow velocity of 9 m/sec appeared about 25% higher than that under 4 m/sec. According to
the solution pHgssc increase from 8.0 to 9.5, each specimen weight loss began to decrease,
while it increased at pHxtc 9.5. This tendency was shown nearly compatible with the

magnetite solubility behavior with pH thermodynamically calculated.
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Fig. 5 Schematic diagram of an erosion—corrosion test loop



Table 1 Chemical compositions of the test specimens

Mat. Specification Chemical composition (wt%)
(ASTM) C Mn P S Si Ni Cr Mo Fe

Al06 Gr. B 03  029~1.06 0.048 0.058 0.1

1 ) balance
(Commercial) (0.15) (0.64) 0.003)  (0.014) 0.19) 0.06) 0.03) 0.01)

9 A336 P11 0.15 0.3~0.6 0.03 0.03 05~1.0 1.0~15 0.44~065 belance
(1Cr-%Mo) (0.10) 0.36) (0.009)  (0.009)  (0.56) (1.06) (0.48)
A335 P22 0.15 0.3~0.6 0.03 0.03 0.5 19~26 087~1.13 balance
(2¥4Cr-1Mo) 009 (049 (0012 (0.008) (02D (203 (097

* Pipe : ID %", SCH. 80 (~3.3 mn in wall thickness)
#x Values in parentheses are the actual composition of product

= Fig. 58 2o, <oF 200C7HA12] &-20°] 753, pH-meter(Omega’rl A1)2F DO-Analyzer
(TOA ElectronicsAt A& F&sto] AAIE SHo] 7hsste® AA - A2 H Qo)
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Fig. 6 Layout of the erosion—corrosion test specimen



7h fr&ol e AJAFA 4
130C 9 pH 89 &-4ta & o] F3ate A2 -H2 AFAFEZ o)A, Fig. 63 #Zo] &3
g A4 06 mm B 04 me Iz o 4 m/s B 9 m/se] FF stoll A, &A% AlH o] 500
& 0.4 mm}l Gl Aol AlAF

o
pL
30
v

O
o
%
[
N
©
~
(\]

U 822 REY 7Y @E AHANYA &4

QE ) aRTH A wE f&e] Wshrt MAA-FAo) wX= g3s aFsty] 918, 470
9] AlH o] Fig. 87 o] 2y 22ZHE 217} 6.8 mn, 13.6 mm, 204 mm 2 27.2 mme] Ao w1 <&
%31, 130T, pH 8, &-4FA, 4 m/s 2 9 m/so] A lA 500 Al7Hst vh&5 o AJHFA &
Aol FAHAY. eI rrzRYHo Agd wE AHFA &4 Fig. 99 #o] vewt #5%
9 m/sellA e BAa% FAEEE, ANFoRE §5 4 m/sdARY R An, ey aR Yo
A 7r S71ekel wep S7FE A ejuaTvE AR E o] féo] AHEE Afde, Lyyary
H 71 77he dGel AR/E Fflow velocity field)o] A ¥t} o] &
@ Gl = AlRFEH v A= FE5o JEFo] JFIF FAHEE BRwE AAHd I EA)
29 Aotk AT A|HFA &4 Holx oyyY2zRH AYE #% 9 m/sY F5 W
20 mm A%, 4 m/se] A e 27 mn o] F o= yERRTH o] A4 A 23AlE ©@AA i
Aol tigh A -F2 &4 Ao aie Hojop st lAfolt

-+
z
ol

o
Ir
i

)

z

Ho

db

oN

f

S =)

T T T T T T T T T T 2200 T T T T
2200 [ A
[ 9m/sec
2001 | o 4misec A
LI
]
2000 |- i
. 2000 [ A
T -
g é 1900 | R
%’ 1800 |- R g 1800 . -
< 8
e = / .
5 € 1700 |- b
” ° &
1600 [ B e
1600 - Py k
- - L]
|
1500 - .
1400 1 1 1 1 1 1 1 1 1 1 1 n 1 n 1 n 1
1 2 3 4 5 6 7 8 9 10 11 12 6.8 13.6 20.4 27.2
Flowrate (m/sec) Distance from Orifice (mm)
Fig. 7 Weight losses of carbon steel Fig. 8 Weight loss of carbon steel
dependent on flow rates of 4 dependent on distance from
and 9 m/s after 500 hours at orifice after 500 hours under 4
204 mm from orifice, pH 8 and 9 m/s at pH 8 and 130T

and 130T



4 (ACr-%Mo¥ 2% Cr-1Mo)2] A& Ao we 2 -7z

¢ 8 A4 548 g
7] $18te], 130T, pH 8, B-4ta £89 dolA #% 4 m/se A0 500 AHES WA
F ARRA £82 F4F Ash Fig. 99 2o] dehgth ARRA S8 waGe] 35 T A
~grgel mah A9 Wl o] Zer, 24Cr-1Month Ao} Bende] Aw 4% 9 FHe
1ICr-%Mo ARRA ] £4o] ok 6 itk o] Ak, wage] VI B dolf1agl AF3 £
valo] MR, A-FHA $4F AN AL AAAAFEL Uk A, Table mmsz}

o), &8 daite] AHAGFdd = AFolY EeEd
oF Zo] AFo] 0.005~0.07 wtd A= Ev-aE= T
S 1Cr- Mool 2)4Cr-1Mo®] A& Figol H]3
E37F A ez mAsiga 3 5 vk

e 89 pHol ute AAFA &4
W

FAl GgAe BaY D A-FHY FA-RAel 9 £ pHe| FFe FAH)
sshel, 130T, G-4ka FEANA §% 4 m/se] EAOE 500 AFHES WA F AL
& SAcsen, eassind s Al 04w FAAA ABLA 08 SAG Fig

=
109} Zr} Zh A FE&d pH7t =S5 % A #As9T. 749 pH 80~9.0
el e FA &) ol g H<l wkd, pH 95oﬂﬁ~ =9 e dEdlh o, ©ax%
FHol H Aol Agizor =& gl pH oA OH o] 9af 2 (1) 2 2 (2)] ¢
3 FesOs5 A% dlo 7IA=AS Aoz FAHAL

lf
-
X
o
12
N o

vh AR 4 R S8 pHol mE A-3A A

T T T T T T T
1600 | - b4 e
1000 4
v v e
1400 | 1 v :
v
o~ 1200 E < w00 3
£ °
S B
€ 1000} B "
7 g F 3
9 =
g ool 1 5 $ Corimwe o ?
g = v 2 1/4Cr-1Mo
% © 1Lk at 20.4 mm from orifice at 130°C .
& 600 b S with DO-free
D [
o Q.
(7] ]
400 - B
0.1 | 4
200 | g ok R P
-250 Y 4
0 1 -500 L L L L
1Cr-1/2Mo 2 1/4Cr-1Mo w5 8.0 85 9.0 85 100
Material pH at 25°C
Fig. 9 Weight losses dependent on Fig. 10 Weight losses dependent on
materials after 500 hours aqueous pH after 500 hours
under 4 m/s at 204 mm from under 4 m/s at 204 mm

orifice, pH 8 and 130C from orifice at 130T



Table 2 The constant values of y = a + b x for a linear curve fitting, and the relative
values of a and b compared with those obtained from carbon steel with 4 m/s

Materials a at pHosc 7(ug/anl)  blug/cn/mol « £) a/acs-anvs b/bes-amvs
CS with 9m/s 2077 -6.0E+7 1.18 1.09
CS with 4m/s 1760 -5.5E+7 1.00 1.00
1Cr-%Mo with 4m/s 864 -24E+7 0.49 0.44
2% Cr-1Mo with 4m/s 744 -2.3E+7 0.42 0.41

7 AR £ 489 ) OH olesxo we =i 48 924 7oA. Fig 1%
Zol, 4% pH Wl volA & Ul OH o|e5mrl 24% 2t AU S48 o 494

Table 2} o] A=A b/bes amss #h, T 4 m/sollA e @274 FAELS 7|eo= 3
7 AR e AdH gERAM, $89 OH ol&¥=(EE pH) Wt ge AAse A
A-iAel e Aud 7wg Yehdna & 4 slvh Fig. 116041, 130Col A 9] g-4% 48
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2 A FA-aA Wt f40 276w tha Srhskith #9, 10r-%Mo¥ 2/4Cr-1
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Fo oI &3lE E AA| I EE dHsH oz AL AL -

1 FeO0, + 2H" = 2 FeOOH + 1 Fe** 3)
1 Fe0, + 1H" + 1 H,0 = 2 FeOOH + 1 FeOH" (4)
1 Fej0, + 2 HO = 2 FeOOH + 1 Fe(OH),aq 5)
1 Fes0, + 2 H,O = 2 FeOOH + 1 HFeO, + 1 H" 6)
1 Fe0, + 2 H,0 = 2 FeOOH + 1 FeO;” + 1HT ()
1 FeOy + 1 H,0 = 1H,FeO; + 1 H" ®)

AX A= Fig, 129 Zo] UEyk o™ magnetite®] &3f9r3-2 N
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PN
T8
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S Ul OH o] Ee] whe AWFA W7 welFe mah 1448 2o 714718 A
Adate] zp Al - digk oA =S FA45IL, magnetite®] dehA g3
E=E AAtEte] deAstel 7 A AR Fdssit
At AA-5A AGFEZE AFESte] & pH 10~11 WM JFA-54 S0 0]
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