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Influences of Alloying Element and Annealing on the Microstructure and
Corrosion Resistance of Steam Generator Tubing Materials of Nuclear Power Plant (I)
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Influences of alloying elements and annealing heat treatments on Alloy 690 and
Alloy 600 for steam generator tubing materials of nuclear power plants were stud-
ied. OM, SEM, TEM, and XRD analyses were used to study the microstructural
changes of the alloys. Mechanical properties were investigated by means of ten-
sion tests and Rockwell hardness tests, and corrosion resistance was evaluated using
the anodic polarization tests and the 65% boiling nitric acid immersion tests.

Increasing the carbon content of Alloy 690, the hardness and tensile strength
were increased, but the elongation and grain size were decreased. However, in-
creasing the annealing temperature, the tensile strength and hardness were de-
creased, but the elongation and grain size were increased. Increasing the carbon
content of Alloy 690, the results of the anodic polarization tests and the nitric
acid immersion tests showed that the annealing temperature to reveal a minimum
corrosion rate was increased. This behavior seemed to be due to the combination
of the solid solution of carbon in the matrix and grain growth with annealing. In
this work, the corrosion properties of Alloy 690 were better than that of Alloy
600, and the range of the optimum annealing temperature of Alloy 690 was from
1100C to 1150°C.

1. A g 2718 weg FozA, 2 AEd9 HHA4

R ¢ Fa EAolth. AFH o]

A42Y 9238 2942 F8 Ay F9 dojd A, 1z AFe2Ry 21 AFos
Q Z71 BAVNE 1345 A5 235 37 W AbE ‘%’él-% f{}%é& 357t waEo A

2 @ olFad WANE NEY 4 At g wrsel Ay Fno EAE b7



BRAGAL G710 A9 dael v 2 R Y S mAs 35 94 R A5 XY 98D 207

o

>
>
ofr
L
o
4

"o dd#e gE BAe
Zolgle B4l o= HeEs
7HE A 29 gEsE A%
A7 s FAA e dg
A ok duolrl Frl HAVIE mA e
&, AAE & Hgo] e A
uet 4z wdL F7 ‘%*&‘71 of AAA
As7] 98 Be w49 x| F
th O FolAd AER A5 b e B
Ao zA A7 3048 ~Hde 272
Apgglont Clm&#97iol A SCC(&8 ¥4
Q) BAE doA 196739 INCO(Internation-
al Nickel Company)o]l A 13l 5 600& 7§
WA gk o] FFE& HEAHol HE 5
glo] 7ok AF Y (PWR) 2@ L Z7] 247
o HgxEo] A&EHAou, &, 39t Ftel A
FAIZE AEEOl uhEl o vA K] Ao
og FAE oA =HAdvh §F 6008 AY
Z A5E AMES Z7]d s AF(MA, Mill An-
nealed)® Jel2 +&3uch 1 F dg A
of A7t A AlE AYE F3td TT(Ther
mally Treated)d A HE7} WAoo L53itts
Aol W= uwal 1978 ARE A7) A
At ed, na 237 F7) g7 HAzx=
Hgsdvt. o & F7)¢l 12 2, 33719 o
# 1,237 2 &4 1, 2879 @F 600TT
b AbEET Qlow F42Y dxE wdad
g4l AREe Incoloy 8008 Ap&3t1 Atk
e 600MAel ¥ EAFE HdA = ¥
F 600TTHEHN N E FHEH] F2a 297
A Azt AtEE H AN E 4A BA/9A
#L9UGA/IGSCC), 124 &4
FA(PWSCC) Fol dojde uet Az dixl
Ao Mol gaF=EH At 1971 d 9] INCOA}
Me Aze g4 Aazx Jd39 6908 Mg
e olRA& 3 6009 Niggg Zolx
Critake Adgoz ¢ Aoy @i 3
= AHd 0.05% olstz & Aol o] AEE

do
rok

ok
~N

-~
S B

b
£ b

o

= ol

to WU of M
ol X

oX.

iy
N

to o> o o

i

LSS

p\l

OQ lﬁ)\]

NEF 7-8d0E & FELS Bx EPou @
& 6000] PWSCC %9 Izﬂa A& deod
19799 A Fe BAHA oy 2y ¢ By B
A T A A7 IgEY] ARYPGED &
d Ay A8 waEw Heos HEFH AGD
Huoes 3808 AF AddddA 54 &4
A=z | HA Jeya o] dd@e AMA
ol Hre A= ol@w)r AT BHo Y A
o2 4A Utk F, &2F 2% Hold wWeA
Yetue dE3l %s‘s} ARY 3719 Wsl
2 71A 23] e g4 1n @3E F9
g o8 2¥ Feoezd 7AH Hdho A
ol glof] A Ee] B EAoE B 4L vAe
Ao)th.

wetd 2 AFqMEs F7] GA7] 29 o
A AE2 deses §F 6908 AF A §F
oz dAddeon, ga e ¥ wWE
A 7HA e #HEE dAGn v gFers §
B 600% 3 AFEHIAT ol AY T
e A% ¥4 W& vy Fxo Wi o
Z1AE 44, s g4 g4 9 dA 24
Aadel Wl Wil SHdom AFE F
3 3k o}

=0

o I

2. o 4y
2.1 g3 M=

4y ¥3L &3] 0KW A3 3 d
T &HRE o] &t LUt AHEE =7t

T rtadAlel mrtdelley, Y-8 ¥ &
AFTE o vl Evldd &3 F gl
15kg F%<9 JREE RFEAUTL o] wof 2%
ExE L,550C FZolddch oldd ol &4
¢ YIEE I duiE 5 HAE MEE
g H, 1,200CAA 3087 27 (Soaking) &
3 L, 3.0mm7A] @7 4L st o] A
HEL 66CE #AE 10% HNO;+3% HF &
Aol A A7 FAA FH HI 2ALL AA



208 LEERE TP

A 258 A2x:A 1996. 6

ol

=8 23t 2% dAHAL, 2EA A
ALE Al o] A gAol A A A3
At ol YA wE AH dREE s
T 2HE dsidh B 1& 4% §3d o
b ogE 2ot HAlA ¢ F UdE Hig
¥ 939 =5 ASMES] #3 U 4Eg w

1

N rfe
>

o

¥

A

oL

L

5 wEaa glon,) §F 6909 A$E w©ax
ol WE F HogFa Yo

AF AMels JUgd 248 AAsn F
ZAY Y ©IEL A TEAIY H
Ao AE 228 FASY 98 950CAA 50
T THSZ 1200C7A 4 2EAAM 2087
Ar 24716l /A3 & sHEAd.

22 olM == B
22.1 Be0|Z olMEE A

AF EANE AMNEY #A AL FFS
(20-30ml) + A 2H(20ml) + 9 2H(20ml) + 3} AL & 5
A24(10ml) Heoz® o 1B AR 37
¥ 33 o) (Zeiss Zenevert) & o] &-3le B
3. FRHeE B ARE WA
BAHAJT HEMH(line Intersection method)

2 olgstd 249 3718 ZPHATH
222 SHXHO|Y o|MER 24

T EAYE ANRY FHAAFGE F2A
Z+ AlRe] A2 P9 (longitudinal section)
2oled T 7zt NEe A, 93
g HA 371 sl tlololE = A
(StruersA}l Eccutom-2)& o]& 3o HLo=m
sy, dde Al8F twin jet polisher
(StruersAl TENUPOL 3)2 o|&3d g
(90% ) +Perchloric acid(10%)2] A af o o A 10
A dAetE AT B HHAAN A4 A
Ao 4L JEOL 1200EXZ 7F&3H< 120KV
AqA BAlopd, ZTRAANELE LA} =%

i B

B

o
%

X

Ok

PR, 2 F 13mm7AA @7 4d& sch

Table 1. Chemical composition of the alloys used
in this study(wt%)

Type |Alloy 600 Alloy 690

Heat | g00-1 | 690-1 | 690-2 | 690-3
No.
C 0.028 | 0.016 | 0.030 | 0.037
Mn 0184 0.85 0.86 0.73
Si 0.49 0.34 0.39 0.39
Cr 14.54 27.65 27.07 27.17
Ni Balance | Balance | Balance | Balance
Nb 0.47 0.48 .51 0.51
Ti 1.11 0.90 1.02 1.06
P Trace Trace Trace Trace
S 0.005 0.004 0.004 0.003
Fe 9,73 10.39 10.30 10.19
Al 0.25 0.40 0.34 0.36
Co 0.08 0.06 0.05 0.04
Cu 0.24 0.16 0.18 0.17
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Fig. 1. Effect of annealing temperature on the
hardness of Alloy 600 and Alloy 690-1, 890-2,
690-3.
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(a)
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Fig. 2. Optical micrographs of annealed Alloy 600(a), Alloy 690-1(b), Alloy 690-2(c) and Alioy 690-3(d.

(Annealing temperature : 1150°C).
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Fig. 3. Effect of annealing temperature on the
grain size of Alloy 600 and Alloy 690-1, 690-2,
690-3.
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Fig. 5. Transmissing Electron Micrographs of Alloy 630-2 after tension test {Annealed at 1150 ).
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Fig. 7. Anodic polarization curves of Alloy 600 ob-
tained at different annealing temperatures in
deaerated 30°C 3.5% NaCl at the scanning rate of
1mV/sec(CAB00 : Commercial Alloy 600).
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Fig. 8. Anodic polarization curves of Alloy 600 ob-
tained at different annealing temperatures in
deaerated 30°C 3.5% NaCl at the scanning rate of
TmV/sec(CABQ0 . Commercial Alloy 600).
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Fig. 9. Effect of annealing temperature on the an-
odic polarization resistance of Alloy 690-1 in
deaerated 30°C 3.5% NaCl at the scanning rate of
1mV/sec{CAB90 : Commercial Alloy 690).
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Fig. 10. Effect of annealing temperature on the
anodic polarization resistance of Alloy 690-3 in
deaerated 30°C 3.5% NaCl at the scanning rate of
1mV/sec(CAB90 . Commercial Alloy 690).
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Fig. 11. Comparison of anodic polarization curves
showing the maximum pitting potential in each
alloy tested in 30°C 3.5% NaCl at the scanning
rate of 1mV/sec.
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