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Effect of TiO2 on Stress Corrosion Cracking of Alloy 600 in Caustic Solution
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Abstract

Stress corrosion cracking(SCC) of alloy 600 used for steam generator tubings has
been one of the key issues in nuclear power plants. This work is to evaluate the effect
of TiOz addition on SCC of alloy 600. SCC tests were performed in 10% and 40%
NaOH with and without 2g/1 TiO: using CT and C-ring specimen. SCC crack growth
rate was on-line monitored with direct potential drop method. The effects of TiO: on
electrochemical polarization behaviour were also measured. In addition the effects of
TiO2 on corrosion oxide were examined with AES and ESCA. Presence of TiO: reduced
SCC crack growth rate of alloy 600. The active passive transition potential (Flade
potential) in 40% NaOH with TiO: was lower than that without TiQOs Presence of TiO-
increased current density at the second peak and decreased current density in the range

of potential from flade potential to second peak.

8 ¢

717 AEH AER AEHIL JE Alloy 6009 SHEREAuy]s dxpEdd s F
&4 Qe 5 st Ja vk B A s TiOe A7k whE Alloy 6009 SCC A &
Ao m A= ke Hr} 6}/v\‘jr. CT A¥ 3 C-ring A2 AFESHY 2g/19 TiOE A7t
T ZA7EEA 22 10%9 40% NaOH & SCC Ade 33} SCC #<d A%
&= AFAYAYDCPD)S o] &3] on-line A E3 A7|88Ha H-=7]%
et TiO:9] I SAS AT Aspe] oish TiO:9] 9IS AESSH ECSAE o] &3t
A8tk TiO:9] A7k= Alloy 6009 SCC #9Ad4EE oA TiOF E7HE

Wl active/passive o] A9 A5l second peakoll A9l AFUEE F7HAIFH 5L
active/passive o] A9} second peak AloloA e HEe AFLEEE TA4AZH

1. /\*1&

A4 dxrE BRLe FUEAY] AEH AR 2olil = Alloy 6002 300C Fe
T w pH 10 o]/ 4714 71X IGA/IGSCC/ A= Ao =2 Wl 57
A7) 25 AEd AA et AR Apolol] FAAL =S o 7HA EwwEol Fol
th ol&A FAH sluge pile WFol= 7] o9 w34 9s4 =& pH 2977}

e o rlo



Fd 5 oglom, ook Lo A7)4 B9vlel @ $HYATFASCC) BAe] o
A HEgdon RHET o Ad@ £4% Wety] st Ad A=E Alloy
6004 SCC ?q%o“é o] ¢ & o= b

o, TiOE v %3 #

th TiOx= Atste]ate] 248 WA P oz Age] dAr|setd 545 W
FAAS0] AT A7) EYU7IAM ] Alloy 600 g A7|8EA JAI} SCC EE
IGAS}e] #AE DR AABAS 2=, SCCE FA A4 150mVel 4 300mV Ao
o A FR LS, EFFAGAA & o o= FEE Hvo] FAHY] Azl
Agd o)y, & AT TiO9 #H7bel W& Alloy 6009 SCC 54 digh &35 4
Astda, Ar|sshs £S5 Wats BT o e TiO9 Fas Hrkstarst a3

B
SCC A3 Az=EA & 13 2L 7AH 5A4& 2= Alloy 600 MAE AH&stglew, A
5L Alloy 600 TT A& AR&SAT. Z42he] 884 AL 1 29 3.
AZ AHEE TiO:w Degussa AlE& ARESIATE SCC A AdolA
L% Hrbsksidh

SCC 2482 10% =9 E(side groove)o] = CTAIHE xﬂl}é}ﬂ Rin:]
AetQ3l, C-ring AW SCC AL HArbslednh CTARY AFgHe
H71E drol W= FER Sts FUbedT CT A9 SCC o+ A4S 27
Ztetel dd FHlol Al A9Ae] WEE SAHste ddeY Zols FF et W
DCPD(direct current potential drop)s °]-&3t%th AdA4x = 2% 19 el o} 2},
Ao g0kl 4A B oF 308 AxE ZA VA E purgingste] £F AMAE 3]
o} SCC AEL 315TC, 10%NaOH F&Hd A 150mV vs ocpE 7}etHA 743
thowEd WE £ WEE 2] feke] 10%9% 40%9 NaOH &9 FolA A7 8
< otk 7lE=d=5e Ag/AgCl ﬂ‘rﬂ"ﬁﬁ%% AHE3FE T 10%NaOH <78 <) o
AL -300mV vs ocpolA 30&3F AXE] & 1 mV/sec scan rate® A A
40%NaOH F& o] 58482 dAe 203 scan rates Eelsto] 2o wE W3}

5 #EE =, dAHYE A Fe A5 -100mV vs ocpdll A 30E7F AAY g T &
ﬁaﬂé TSR Scan rete®] Wl WE ES5AFY F¥FS AHFsr] fste 01
mV/sec®t 0.3 mV/sec?] scan rate® #2738 F33t3it}

TiO= 2g/17}

3. 23 9 sz

SCCol gt TiOx9 F&S H7 syl $18ke] 150mV vs ocpel A718k8H4 A= 7hek 4
oA e A3 9 29 2 Aag Atk o] AdE TiO A7kl oalA ddE
T7F A 248 9SS Rl Ju 7E £5E TiOt 898 Fo] &4 off A3
FrES Holed B3 SCC 279 ¢ . ol #ddd AFE3 TiOw7) depd A o
g5 72 A2 AZEY dAH R TiOe £A4 5o @A flo] gL A4 7}

43 5B A WOR PaANE ARE HAeE
% A7k8 409% NaOH &ele]A SCC 49 @ 2%



54 Bt #hol #AHA Fth TiO8 H7b= 21 34X & = ubeh o] Alloy

6009 #7158t 4 S E Wats 74 gvh dAARF 2ErF TioS] #7kl 9siA 0.01

A/em”2FE 0001 A/em’e. %M:ﬂ%i,E%W<$§ﬁ%l7ﬁ%ﬂ%mtﬂ7“\ﬂ
HIo =

il
=
Atk 40%NaOH <F& 4ol A TiO.9] 7ol wh
9
=k
S

r:tJ

]
NaOH &l X £5437 2= 29 49 vedd=d ’&@rg}ol l‘%%ﬂ ’%Wﬁ ﬁo]
SE ML E =

H
X SCC7F F= dojub= A& st o] Mo F43% AR s SCC
T o 2 d¥Fe € Aoz Azddd FeH 7MY AR g Fo 1A
T WY AFEE peakE EoF=d d 3eA & o] 10% NaOH =& 9ol A ¢
THATAME TiO9 H7lel s Fad oM dF2rEe feol dAFS &
AATt 35T el 40% NaOH + 2g/1 TiO=9] £97]ellA & =

a9 59 2tk -100mV vs ocpol A 3027 AAH ST AL AN dAAFEES 4
X107A/em™ el A5, AA S sA @oke W IAMFLEE 3x10°A/em’2 AFLE
stk TiOE 27F As W 25 AlfAo A oF -650mV vs she A FANA F HA
current peak’} AAHA=H 7MY AR EEE AAY fFF #BAGle]l oF 1
10°A/em’ o2 94359

4, 4&

TiO7F A7t W) active/passive o] A= 7+4 3513l second peakoﬂ Aol AFE
E5 ZJMA AL, active/passive H o]l A9} second peak Alolold el HEE] AFdA=E 7
2A AT TiO:9] E7F= 315TC 259 10%NaOH =& =0 alloy 6009 SCC«] A &
EE ¢ wow ZALAFH oM 10%9 40%NaOH <F-& oA C-ring A1H < SCC AFA -
S7FA AT TiO: #7Fgel wel SCC AdAdel F7ld AL active/passive o] 91

second peak Abelel A F-Fef wute]l Wzl 7|dgt Ao R AZET]

P
- 2 dAate AsreRor Focte 9 S A4 dEow FIHAS
ZaEd

1. T. M. Miglin, et. al., SCC of Alloy 600 in Complex Caustic Environments, Seventh
International Symposium on Environmental Degradation of Materials in Nuclear
Power Systems - Water Reactors, August 7-10, 1995, Breckenridge, Colorado.

2. J. B. Lumsden, et. al.,, Mechanism and Effectiveness of Inhibitors for SCC in a
Caustic Environment, ibid.

3. J. Daret, et. al., Secondary Side Degradation of Steam Generator Tubing @ Which
Inhibitors for Which Causes? A Review of Model Boiler Test Results, Eighth
International Symposium on Environmental Degradation of Materials in Nuclear
Power Systems - Water Reactors, August 10-14, 1997, Amelia Island, Florida.

4. J. M. Lumsden, Presentation at KAERI, 1997.

5. R. Bandy and D. van Rooyen, Mechanisms of Intergranular Failures in Alloy 600 in

High Temperature Environments, Proceedings of the International Symposium on



Environmental Degradation of Materials in Nuclear Power Systems - Water
Reactors, 1984.

3£ 1. Alloy 600 MA®S] 7|A14 54

Properties Had Yield strength|Tensile strength| %Elongation | R/A
Heat# AESE 1 20sMPa) (MPa) (508mm) | (%)
Alloy 600 MA 83.0 300 657 439 60.6

% 2. Ay Qa5 iz x4
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A & C | Cr | N |Fe| Si Mn| P S |Cu|Ti| Al | B N [Cb
Alloy 600

MA 0.032|15.51|75.32| 7.9 | 0.28]0.23|0.007|0.001|0.09| 0.39| 0.20 |0.001| 0.01 |0.02

Alloy 600

T 0.016]16.49| 72.3 19.36 | 0.32 ] 0.84|0.008/0.00310.01 | 0.3 | 0.2
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19 1. Caustic SCC test setup
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