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Study on the Disbonding of Stainless Steel
Overlay Welded Metal(Report 2)

— A Metallurgical Study on PWHT of Overlaid Austenitic Stainless Steel Weld Metals —
by
Y. H. Lee*, E. P, Yoon**

Abstract

Overlaid weld metals of austenitic stainless steel in a pressure vessel of power reactor are usually
post-weld heated for a long period of time after welding. The PWHT is considered as a kind of sensi-
tizing and it is important to check the soundness of the weld metal after PWHT, especially about the
precipitation of carbides.
The purpose of this report is to obtain information on the relation between the change of microstructure
and Post-Weld Heat Treatment in the overlaid weld metals. Metallurgical aspects of the problem on
austenitic stainless steel heated at 625°C, 670°C, 720°C and 760°C for 3, 10, 30, 100 and 300 hours have
been investigated by means of optical-micrography, micro-hardness measurement, scanning electron
microscope and electron-probe micro analysis.
From the results obtained, the following conclusions are drawn;
1> The PWHT above 625°C for a long time causes a diffusion of carbon atoms from low alloy steel into
stainless steel, and consequently carbon is highly concentrated at the boundary layer of stainless steel.
2) C in ferritic steel migrated to austenitic steel and carbides precipitated in austenitic steel along fusion
line. At higher temperatures, the ferrite grains coarsened in the decarburized zone.

3) In the change of microstructure of stainless steel overlaid weld metal, the width of carbides precipi-
tated zone and decarburized zone increased with increase of PWHT temperature and time.

4) At about 625°C to 760°C, chromium carbides, mainly M,; Cs, precipitate very closely in the carbur-
ized layer with remarkable hardening.

5) Precipitation of delta ferrite from molten weld metal depends on solidification phenomenon. There
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was a small amount of ferrite near ths bond in which the local solidification time was short, compa-

ring with after parts of weld metal. Shape and amount of ferrite were not changed by Post-We ld Heat
Treatment after solidification.
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Table 1. Chemical comrositions of materials used.
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Table 2. Chemical compositions of overlaid deposited metals.
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Table 3. Welding procedure and PWHT con-
ditions for overlay weld metal.

Process ‘ E.S.W.
Current(4) l 1300~1400
Vcltage( V) i 29~30
Speed (mm/ mii 1) ! 150
o Position ‘[ flat
Polarity 1 D.C.R.F
]
I;x;eigp &(jg)terpass E‘ 150~200
Pass Number 1 10
Overlay Weldmetal ‘ 12
Thickness(m2) |

PWHT Temp. °C) 625, 670, 690, 720, 760

|
\
PWHT Time(hr) } 3, 10, 30, 100, 300

Photo. 1. Macrostructure of overlay weld
metal.
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Fig. 1. Shape of test-specimen.
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Fig. 2. Effect ¢f PWHT time at 760°C on Vicker's micro-hardness profiles across thickness of overlay
weld metal.

(a) As welded (b) 3hr (c) 10hr

(d) 30hr (e) 100hr (£ 200hr

Photo. 2. Micrographs of bonded zone by PWHT at 760°C{x<400)
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Photo. 3. Growth of decarburized bond in 24Cr—1 Mo steel in austenitic stainless stzel weldment

with PWHT time at 766°C{X 1000
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Photo. 6. Phote-micrestructures of overlay welded joint{as welded)

K EEih F2% 55151 19844 34

e Gl OS5




oarne graia
b5 %

W

ta> Near at ths hond of (b)

1st layer

2l

(d) Decarburized layer of base metal

o EEES e 2 Bz Zubo} zoM u
TAAE BERERR ] Bro] vEiami sl A B
EfERRE7E R wHE e et E%Fgﬁ)o] B S
ferrite?] dhiixE Aot WEDT AW el webad HH

ke 8-ferritewrx. Z7}l%+rL. Photo. 601] A g 9=

°of efuze]l &4 F5e PE, 28, 3@ o= A%
T Bz ZullA=§ ~ferritezko] neo o & ol ek,

¢ PWHTE AT 4$9 st HEeRi
A e #BEE vEhln UA den} pEy

53 BRES #HEs
S zzol B ko] $HAALT

FaL gl o), matrix$] <.
i 98- vehia gl

ol g BRHL) ME#RS as~welded R} A pearlite
el Zle] PWHTE Aol gshe] i
Bl Ebzo] ol Fell STk BEe] BESm gleow,
HAZ, base metalo] A= fHERS] #EaER] Bt
el Fyo] vepvz 88 & 4 ook

chgs] iz 9] Fo TES BaotEst PWHT
o o2 ol BT PR Evt] dE AEE 99
EPMA(Elecron Probe Micro Analvzer)® o] &d)k¢]

2= 24 scanning3r

i

A3LE] WAH, BUrHS Fig.

Boundary of 2nd and 3rd laver

(e) Middle of HAZ in base metal
Photo. 7. Photo-microstructures of overlay welded joint(PWHT; 760°

C%

2.2

[

(o)

<
[+3]

.04

(]

3rd laver

(f) Base metal
X 30hr.)

105} Photo. 8¢ itepdic}l. Fig. 102 690°Cx30 kr
PWHT #A=t% el z, Photo. 82 as-welded A 9}
PWHT 760°Cel 73-%-8} H4Ti5Fe] ek oj2¥e] o 5
C%

- PWHT : 690 X 30hr

C

WA
_A.\/J v 100/1 i 0.45

Chemical composition profile meas—
ured by EPMA for overlay/Base

metal interface(PWHT; 690°C <30
ar.)
Journal of KWS Vol.2, No.1, Mar., 1984



9] Z-o] Ni,

_g]

o]

-] Disbondingef] =3

(¢) EDX result; as welded

Fex Mt HBGREE AA5ld £ as-
welded=ol] n] Eﬂ DFIREEE A9
vh =, Cr, Ni 10~20¢ A= e %@Efﬁﬂ =
BEEBC] Belur o BB Bk 2o
martensites}2] slede)
Bae HiE BREEY S BHHe Y 05w
dle]l GBS BEIEE] W ARE
I Z oF 200um
%o PWHT = V] EPMA Ol AE & 4+ 9%
B REE R fi)"é{t%}‘&ﬁ** potential *Hi@’ﬂ 3]
gl 44 up-hill difussion
T Az

WA 3%‘21

el gles,

3.4 {4 ol nix|= PWHT2| g2
oofvlwe] sl slelAle)

E RSB S vzhdal 5= %,%_*ML}.

2% 15k 198448 38

13

(b) PWHT(760°C x 1047)
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Photo. 8. Distribution of Fe, Cr and Ni contents across bonded zone by EPMAC(at 760°C)
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(c) 10hr (d) 100kr

Photo. 10. Scanning electron micrographs of carbide precipitation in overlay weld metal with
PWHT at 760°C.

(b) 670°C

(c) 720°C (d> 760°C
Photo. 11. Scanning electron micrographs of carbide precipitation in overlay weld metal with
PWHT at 10 hours.
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