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The Intergranular Corrosion of Ni-base Alloy 600 Surface Melted by a CO: Laser Beam

Y. 8. Lim* J. 8. Kim* H. P. Kim*, J. H. Han, and H. S. Kwon**
*Steam Generator Materials Team, Korea Atomic Energy Research Institute

**Dept. of Material Science and Engineering, Korea Advanced Institute of Science and Technology

The effects of laser surface melting (LSM) on the intergranular corrosion of the
sensitized Alloy 600 were studied by the double loop electrochemical
potentiokinetic reactivation (DL-EPR) method in de-aerated 0.01 M H,SO,+
10 ppm KSCN solution at a scan rate of 0.5 mV/sec at room temperature. C-ring
test was performed to confirm the effects of sensitization treatment on the fracture
mode of Alloy 600 in 0.1 M Na,S,04 solution. The degree of sensitization(DOS) of
the sensitized Alloy 600 measured from the DL-EPR curves was considerably re-
duced by LSM. The sensitized Alloy 600 after LSM also exhibited a relatively high
resistance to intergranular corrosion, compared to the sensitized Alloy 600 without
LSM. The cause of high resistance to intergranular corrosion of the laser treated
Alloy 600 was analyzed and compared with that of the non-laser treated Alloy 600
by observing the microstructural changes during the LSM process, especially by ex-
amining the difference in the precipitation behaviors of grain boundary Cr-rich
carbides in both alloys. The resistance to intergranular stress corrosion cracking of
the laser treated Alloy 600 in sulfur-bearing environments was also discussed from
the results of measured DOS and microstructural examination.

Keywords : laser surface melting, Alloy 600, DR-EPR test, sensitization, IGA/IGSCC, Cr-
rich carbides.
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Table 1. Chemical Composition of Alloy 600(wt% )

24 Age fxE 9% LFEAT spHTe
2, olgi® dYARE Bz, dolyuel o
ERggol ¥ BYBL WHE FAEAT A
o IGSCC Ag4el mlx& ol Ha) =932
o).

24 #
2.1 AlEEl|

B AP Algd" MEE Jgoz AFxEH FA
1.6 mme] TAolnd, #8x4gdL& Table 13} 2t}
AlEE Megez Y¥sto 1050CANA 3083
£ 3} 3 2] (solution annealing, SA)¥ %, £
(water quenching)dtg . &3]3 Halg A #H
Al AFdMal 24 600°ClA 244121 °1]“]§}
A &) (sensitization, SEN)Z 3 %, v (furnace
cooling) 8t T} ol & &A3l AMald A¥E 2 &4
3t Hel$ o9tz Meld AHE 47 SA Alley
600 2 SA+SEN Alloy 600082 9 A3l o}

A& CO, HelAY& Agsd SA+SEN
Alloy 6008 XBL&F3F o, ol Halzde
dolA & 500W, dlol A A% 1mm, dolAH
ZF Al = (scanning rate) 200 cm/min.o]th ¥ &
He A8 27 93 ol AW path 7HFo] H
Ao 1/2¢0) H=& ZFHAA FAsEh =3
ol AR ZAA AJRFEA A9 AtgE WA 3§
93ld #3 30 ¢ /min.g] olEEE HIVAR A}
£3tgem, HolAe] A AW RAEE o
Al F&g& FI7HAT7] Y8t AHAEHE 600
grite] SiC AulA 2 dupstgdo. HolA Hg F,
AR AEHE g AFE oty A3 9
Aol Fdd ez oA oRls dHEE s
th ol F #o]x HHE§(laser surface melting,
LSM)d AlH & geo]x FHEF § A «wl s
gxa @ AEE& 247 LSM Alloy 600 % LSM+
SEN Alloy 60022 Jtepich

Ni Cr Fe C N S Mo

Co Mn Al Cua T Nb Mg

Bal. 15.9 7.6 0.035 0.037 0.002 0.25

038 017 012 0.22 0.21 tr. 0.008
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Fig. 1. Low magnified view of the fracture sur-
face of the SA+SEN Alloy 600 after C-ring test
in 0.1 M Na,5,0; solution at room temperature.
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Fig. 2. DL-EPR curves (a) for the SA Alloy 600 without KSCN addition, (b} with 10 ppm KSCN, and (c)
for the SA+SEN Alloy 600 without KSCN addition, (d) with 10 ppm KSCN, in 0.01 M H,S0, solution at a
scan rate of 0.5 mV/sec at room temperature. The arrows in (b) indicate the polarization scan direction.
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Fig. 3. SEM micrographs obtained from the SA+
SEN Alloy 600, showing (a) the distribution of
grain boundary Cr-rich carbides, etched in a solu-
tion of 2% HCI+98% methanol, and (b) the
grain boundary attack in 0.01 M H,S0,+ 10 ppm
KSCN solution at a scan rate of 0.5 mV/sec at
room temperature.
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Fig. 4. Typical DL-EPR curves from (a) the LSM
Alloy 600 and (b) the LSM + SEN Alloy 600, in
0.01 M H,80,+10 ppm KSCN solution at a scan
rate of 0.5 mV/sec at room temperature.
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FAHE A ZESslE(Fig. 3(a) #F)o] 2%
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Fig. 5. DOS measured from the differently treat-
ed Alloy 600, in 0.01 M H,SO,+10 ppm KSCN so-
lution at a scan rate of 0.5 mV/sec at room tem-

perature.

sitization £-& Cr healing)7} ¥doj i} wrald, g
ol A A gl od DOS gte] Wale ojald & o
W gdoz AWE 4 vk Fig 6(a)dlA A
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2 TiN# MgS etgjo} &&=, Lim §'9¢e 4
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SA+SEN Alloy 6008} o}at7ba 2 Cr-rich MyCs
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mel 2EA XL AL ¢ F Ak mEA
LSM+SEN Alloy 6009 M2l A =2gesE A
2 ©E 2B3Z AEE By ue} gol ¢
12wt% 24 SA+SEN Alloy 6002] 7.3 wt%ol] B}
3 438 @ik tgo], AgEsEL Fig 6(b)

Fig. 6. SEM micrographs showing particles and
precipitates (a) in the LSM Alloy 800, and (b) in
the LSM+SEN Alloy 800, etched in a solution of
2% HCI+98% methanol.

A Be el go] AR QA MT WAL
wetA ol M elel & A AF@sE] 4
#ol JAYULE ¢ 4 o™, olo] @& Lim
e HolHHe Al wASE we BY ¥ T
F(excess vacancies) % 232 8 (crystal defects)
d o3 ridecn FAsdch F, AR A
& ZF ol29 HiltolFo] FolFAy] o Eo
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Fig. 7. SEM micrographs showing the surface
morphologies after DL-EPR tests (a) for the LSM
Alloy 600, (b) high magnified view of a part in
(a), and (c) for the LSM+SEN Alioy 600, in 0.01
M H,SO,+10 ppm KSCN solution at a scan rate
of 0.5 mV/sec at room temperature.
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LSM Alloy 600¢] DOS 2 SA Alloy 6009
HEZE dx2 ¢ B g2 Jehdok(Fig 5).
Suh e Fdg SA+SEN Alloy 6009} LSM
Alloy 6008 712131 0.1M Na,S,048 Al @&
A A& & A H(slow strain rate test) g £3)
IGSCCol #8 AF& sHuh. 2189 AFAH
ofstd, #Hojx Al o8] IGSCC Mol =7
gaERen, ol F2 F3gge W 7
g Aoz Hyustgod. =, SA+SEN Alloy 600&
2 A3 F Coring A A 3(Fig. 1)olA B3 vle}
o] HAAYA RE vepd whd, LSM Alloy 600
L A¥H AAYTrHDH(ductile transgranular
fracture)& Yetdith aatA, & d¥d s o)
A FHEgol Alloy 6009 3 BHgE i 29
71l A el IGA/IGSCC AN g4 &4 € g
d71818a 9 d@n|AeEd FAE A A E
DL-EPR Ag43, LSM+SEN Alloy 600% H|
27 & DOS & Jeldoni(Fig 5), 84 #
ZAA 9Fd olH dA%HHY YAFAHE BE
=) Fh(Fig. 7(c)). Was T& A4 2
2gFazd Axe YARAN Fxele y@HA
&, Heuy 2 Streicher A1 8L %3] d73tch
& A7ETAA ostH, YA A dA&FHA
ZAE ©8Eo AM2HT, gdA IAE 557 Iwt%
ol3td W st AE YARYo) dojtS e Y
t}, watA, LSM+SEN Alloy 6005 &A] A4
(acidic) ¥-971eA & JAIF4 AFd & Y
AR 2% & v} £ Suh 5P A7z
¢ 2 J¥ARE FUsH & d, delAAY ¥
ATzt Mg ANEx #BIYEL FHde ¥
A&7 A & IGSCC ANYPYAH L A

Aoz o gt

5.4 &

1) 4913 dxeld C-ring AlH& 0.1 M Na,S,05
ANELAE o] &3 A AP A HauHA HAQ
Ao F4e Yeldlod, ol B HHA MY
& 600°C/24 A1 2te) dA el =7l Alloy 6009 of
UEAEE Brld HAFE Jeldch 2 A3
4 Al4% DL-EPR A@z7dozyH, oz 9
Helg Alloy 6009 A4 vima ME§ AR
o] #EAEAoH, ol o AlH deolAe YA
AFEEY 42 2 a9 gdE UA FHo =
Fud g4 7 dxFh

2) 913t dx¥ Alloy 6008 #Hold BH L
€% 23, DL-EPR Al goz3E of$ @& DOS
&g Jveillon, @R Agd osld oo
PAFAT BAFHA ko). o)le dolA e
o 7€ UAAl AFVIHE] 2% £§/835
3, 29 met gA FHe 2E ngIdgel 41
7] WRolict EF, HolAHe] F A onl
3} X8 § Alloy 6009 A$o= e DOS g
g fFASEeH, U dLHA AR U
ojubal &l ole dHeolHME F WHF gL
ARARE] 94 a2FEEEY H2 e dAse
o 7lIddles Aoz Az

3) metA #HolA FHLE s ¥ gL
FAsts BAEAYIANAM IGA/IGSCC A Ao
2A F139ee ¢ F e, dolA gHLE
ol 7% F &4E FU1UAY HAEBE BF(re
pair)3t= o AAA si¢ EHHQ PHYL &
g F A

% 7|
2 47 frleRrt FE3E 48397

T TR AYGAR F FUIEAvIdE A e o
goz FYHAFUTL
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