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Abstract

Intergranular corrosion behaviors of KAL (Knife Line Attack)and mechanical properies such as
tensile and creep rupture were investigated for the tube material used for nearly 20 years under the
condition of 463°C and 28kg/cm”,  Base and weld metal were austenitic stainless steel AISI
321containing Ti, AISI 347containing Nb, respectively.

KLA is a kind of the intergranular corrosion which often occurs just near the HAZ (heat affected
zone) of AISI 321and AISI 347stainless steel due to the grain boundary sensitization.

In KLA zone, intergranular corrosion crack has propagated outwards from the inner surface and

carbides of white and narrow band type assuming as{Cr, Fe} carbide were confirmed.
All the delta-ferrite formed in the weld metal during weld solidification has been transformed into
sigma-phase since delta-ferrite was exposed for 20 years at 463 ‘C. Elongation was very low at the
range from room temperature to 600°C and it was confirmed that creep-rupture properties were not
consideralbly affected.
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Fig.2 Specimen geometry for tensile and creep-
rupture test
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Table 1 Chemical composition compared with specification

Fuvy 3

do] ¢F 60mme] KLAT
d %Q:‘BI 7o

Z KLA3Fed 9] Zoli= Photo, 29 50
t2.8mmE ebylel
Photo. 3 a)+- Photo. 2

o 8 g ATl 4 18] -

_Compositions | Mn P s si Ni cr Ti Mo | Nb
Designations
9.00 | 17.0
Asg‘fw‘}m 008 | 200 | 0040 | 003 | 075 - = -
130 | 200
Bl 0.055 | 173 | 0031 | 0016 | 055 | 122 | 171 | 057 - ;
B2 0055 | 171 | 0019 | 0007 | 048 | 116 | 179 | 043 _ -
ASTM A312 900 | 17.0
TP347 008 | 200 | 0040 | 0030 | 075 - . . .
(Weld Metal) 13.0 20.0
W 0079 | 145 | 0018 | 0018 | 045 | 108 | 188 0.44

- The titanium content shall be not less than five times the carbon content and not more than 0.70 percent
- The niobium plus tantalum content shall be not less than ten times the carbon content and not more than

1.00 percent,
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Fig,3 Schematic of linear indication of KLA crack
confirmed by radiographic test

2S SEMoz AAg n]jdlzde Byl 7o
2, 719 WH¥e BAo] Agks =g oFaAlS
of T3 olrk, AT Fol sharE R F A5 B
sz Azee WEleyslol od EDX¥

| 2.8mm

( .

5 b

P,

&

Asel . 2EE - 294

A Z 3% Photo. 3 b)ell vepialet, of714 Cr
# Ferl %2 peak® el gich, 850°C o] shell 4
A7 2 W Crelslge] d3s 4 qlom
2 343 Ko (Cr, Fe)Al eggcl ez
A7rEle], o] B-F- oolx FAFAE W spaz
joll A otZo g ok} wWolx] ‘FEFsRlow A
Al vhebt Eold ¥ AHES Photo.3 b)) EDX
4 Aot K43l peak o okAbS mo{FQlxf,
=gk Photo, 29| 841H #utolrs}, Yojx 78 %
of AHoA M= 25 olel FALF HEr) Rtk

I

El3l5o] Haltslm g 463Cel A of 200d A&
Z 20470 AjaA el &P AHoq KLATS
Bo) eldtE AL BE RG] JlE A s
RIS

+ Photo, 29| 8x]#e] 4% 28
= SEMﬂ 38 =4 Alzleoln], AbAb)E ApA

OE

a)e) $AFAYS] WEE Faol disie] W &
42 AT bl slow & et e
3 BHE A el BY FA2L Eats

Photo. 2 Optical micrographs showing the crack propagation from inner to outer surface
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Photo. 3 SEM micrographs showing arrow area 1
in photo.2-8{a}and EDX analysis results of
the arrow area(b)

Photo. 4 SEM micrographs showing arrow area 2 in
photo.2-8(a), X-ray mapping for S(b)ED-
X analysis results of the KLA zone(c)
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Fig.5 Room and high temperature tensile properties
of Bl, B2 and W specimens compared with
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Fig.6 Room and high temperature elongation of Bl,

B2, and W specimens compared with referenc-
es
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4,z &

doFak AR EHO‘W ok d
= uteb Adlg KLATR S AFA AF 9 &

1) KLAA R4 g2 iAol Cretsge 4
Z o ololl o ouizte Q&) AAYAE whet
Aabsia gdoteh

2) A FARFol HE A =t

N
-
>
=2
=

= 7
2ol glofd] E2el wEg F4 oAl
AF4 ST oluy sl AR AAdT 4
ERFRA o1FU A, oA 274,
HEF AYATAEA Ze BT =3l



34

1)

3)

5)

ok
rar

Fj__i_

Mars G.Fontana, Nobert D. Greene:Corrosion
engineering, McGraw-Hill Book Co.,(1978), pp.64
-66 ’

B.Wallen,].Olsson:Corrosion resistance in
aqueous media, Handbook of Stainless Steel,
McGraw-Hill Beok Co.,(1977), p.16-77
S.Ohta,M .Fujiwara and H.Uchida:Structural
changes and creep behavior of welded austenitic
stainless steels, Proc.Inter.Con. on Creep, April 14
-18, Tokyo(1986), pp.85-90

F.H.Beck, E.ASchofer:New cast high-strength
alloy grades by structure control, ASTM Special
Tech.Pub No.369,(1963), 159
H.Avery:Metallographic technique for Fe-Cr-Ni
heat resisting casting alloys, Metals Handbook,
Vol.8, (1973), p. 104,

10)

o
o
A
b
ofN
N
o
of
2

Lorin K.Poole:Sigma-an unwanted constituent in
stainless weld metal, Metal Progerss,June (1954),
pp.108-112,

ASME, Section [II, Division 1, Subsection ND,
Clss3,Julyl,(1983), p.22

Y .Maehara, Y.Ohmori:Sigma phase precipitation
and hot ductility of ferrite/austenite duplex stai-
nless steels, The sumitomo Search, No.31,(1985),
pp.147-154

NRIM Creep Data Sheet: Data sheets on the
elevated temperature properties of 18Cr-10Ni-Ti
stainless steel, NRIM, Tokyo, Japan, (1987), pp.1-
32

John H.Hoke:Mechanical properties of stainless
steels at elevated temperatures, Handbook of
Stainless steels, McGraw-Hill Book Co.,(1977),
p.21-5

Journal of KWS, Vol. 8 No. 4, Dec., 1990



