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Metallurgical Changes due to Welding Conditions and a Long Term
Heat-treatment in Austenitic Stainless Steel Weld Metals

Michio INAGAKI, Takayoshi KAsucar, Kazuo Er,

Tomokazu GODAL, and Osamu TANAKA

Synopsis:

Effect of welding conditions and a long term heat-treatment at 650°C on metallurgical changes in
austenitic stainless steels (SUS 304 and SUS 316) weld metals have been investigated. Results were
as follows; 1) The solidifying structure at center parts of weld metals tend to grow parallel to the
direction of plate thickness of the 1 pass 1 layer welded joint. 2) o-ferrite forms in the order to the
solidifying directions. 3) d-ferrite changes those morphologies from granular and rod-like shape to
net-like shape with increase of the amount of §-ferrite. In the case of large amount §-ferrite, this
net-like g-ferrite takes the form into densely three-dimentional network in the inner part of each pass.
4) There is no d-ferrite network in the boundary zone between pass and the following pass, because
o-ferrite in these boundary zone are mixed granular and rod-like shape. 5) Networks of J-ferrite in
high heat input weld metals are larger than that in low heat input weld metals. 6) Carbides and ¢
phase precipitate in d-ferrite subjected to heating for a long term at 650°C. 7) Carbides and ¢ phase
take the form of network with a long term heating at 650°C in the weld metal containing a- large
volume of J-ferrite.

From above results and the correlated research results of creep test and notch toughness of austenitic
stainless stee]l weld metals subjected to a long term heat-treatment, it is considered that the following
processes are advisable for the prevention measure of material worse at high temperature; 1) Selecting
of the weld metals in which have the amount of §—ferrite under about 59,, for the reason of disper-
tion of d-ferrite and for destruction of §-ferrite networks. 2) Making use of 2 pass I layer welding

sequence to disperse the solidifying direction and applying the low heat input welding process to destroy
o-ferrite networks.
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Example of the relationship between §-ferrite content and 2mm V notch toughness

at room temperature after a long term heat treatment (650°C x1000h) in weld

metals®).
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Fig. 2. Results of creep rupture test for welded
joints and ISO date of Type 304 base
metal®).
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Table 1. Joint design and' welding condition of welded joint for creep test® Wires were 308L
type wior elded joint R, U and 308 type (N :0.090%) for welded joint S, T.

Welded| Heat

Joint design
joint] input

Welding sequence

Ferrite (%)
by Ferrite
Indicator

Inter pass

Welding condition temperature

R Low

NO.1 Pass;
1504, 35V,15cpm
(21,0003 /cm)
NO.2 % NO.10 Pass; 7.5
440A,32V, 30cpm 10

(28,1003 /cm)

50°

S Low “ L

L2an)

Min,

NO.1 Pass;
150A,35V,15cpm
(21,0003/cm) °
NO.2 & NO.9 Pass; | 2 180°C 7ig ~
400A,31V,30cpm
(24,8003 /cm)

v

80°

Gauging
T High

NO.1 Pass;
1504,35V,15cpm
(21,0003 /cm) 7.5

NO.2 v NO.6 Pass; 10
560A,32V,27cpm
(39,8003 /cm)

4] High

NO.1 Pass;
450A,30V,30cpm
(27,000J3/cm)
NO.2,NO.4 Pass;
< 600A,32V,22cpm
(52,400J/cm)

NO.3 Pass;
6004,28Y,30cpm
(33,6005 /cm)

200°C 7.5
10

v

* NO.1 Pass of Welded joint R,S and T used the manual welding method.

Table 2. Chemical composition of base metals and wires.

Plate thickness or

Base metal and diameter of wire

Chemical composition (%)

wire

(mm) C Si

Mn P S Ni Cr Mo

JIS SUS 304 20t 0.05 0.60
JIS SUS 316 20t 0.07 0.77
308L type 4 dia. 0.027 | 0.39
316L type 4 dia. 0.026 | 0.41
16-8-2 type 4 dia. 0.061 | 0.34

0.96 0.018
1.54 0.034
1.78 0.018
1.76 0.022
1.75 0.019

0.006 9.00
0.011 | 11.85
0.014 | 10.25
0.015 | 12.32
0.010 9.03

18.30 —
17.61 | 2.52
19.78 —_
19.27 | 2.27
16.58 | 1.73
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Table 3. Joint design and welding condition.

Heat Inter pass

Joi
input oint design Welding sequence Welding condition temperature
o Face Side
90
X 1 KO. 1 Pass ;
T ~ 2 700A (AC), 34V, 30cpm
s 47,600 J/cm)
High » © A | & S 1,
Y N ~ NI - NO. 2 Pass ;
\L ® 1 800A (AC), 37V, 33cpm i
i - - J (53,800 J/cm) p
\ 90 Back Side
< 200° -
Face Side j
NO. 1 Pass ; «\!'

450A (AC), 30V 30cpm
(27,000 J/cm)

Low NO. 2 ~ NO. 7 Pass ; *ﬂ
. 3 | 450A (AC), 32V, 30cpm ,4
L > ) — (28,800 J/cm) )
Gauging "7)0/7\ ‘ Back Side
Table 4. Chemical composition of weld metals.
Heat Cfprr:biilaticzln Spe~ Chemical composition (%)
input ol steel an cimen
Put | wire C Si Mn P S Ni Cr Mo N
A , c | o038| 065 | 1.53 | 0.024| o0.010| 10.55| 18.23| — | 0.0532
SUS 304; 308L| 1 | 0040 | 0.67 | 1.40 | 0.024| 0.011 | 10.17 | 18.96 | — | 0.0535
Low | H | 0.040| 0.75 | 1.59 | 0.026 | 0.014 | 12.20| 19.37 | 2.30 | 0.0379
SUS 816; 316L| ;1 | 0’041 | 0.80 | 1.60 | 0.025| 0.015 | 12.10| 20.56 | 2.15 | 0.0404

0.061 | 0.64 1.47 0.022 | 0.012 9.38 | 16.53 | 1.98 | 0.0314

SUS 316; 16-8-2
0.040 | 0.59 | 1.27 | 0.021| 0.000| 9.87| 18.43] — |0.0376
SUS 304; 308L 0.040 | 0.61 | 1.36 | 0.022| 0.009 | 10.04 | 18.51 | — | 0.0430

High 0.054 | 0.74 1.66 0.027 | 0.012 | 11.72| 19.14| 2.41 | 0.0320

SUS 316; 316L 0.055| 0.74 | 1.60 | 0.027 | 0.016 | 11.50 | 19.60 | 2.24 | 0.0212

R | we | &

SUS 316; 16-8-2) G 0.067 | 0.66 1.60 0.026 | 0.011 | 10.45| 16.75| 2.19 | 0.0259

* §-ferritewas controlled by flux.

Table 5. The amount of §-ferrite in weld metals.

Heat input Base metal Specimen Magnegage { Linear analysis [Ferrite indicator |Delongdiagram

G 0.7 0.6 <1.5 0.8

SUS 304 D 4.0 ] 4.4 5~7.5 5.0

Low H 6.9 7.7 10~15 11.0
SUS 316 1 13.1 15.5 >15 16.0

J 4.8 6.8 5~7.5 5.0

L 4.2 - 2.5~7.5 4.5

SUS 304 B 6.3 - 7.5~10 4.0

High E 7.4 — 7.5~10 11.0
SUS 316 K 9.0 — 10~15 14.0

G 4.1 — 5~7.5 3.5

Note : Numbers in table are J-ferrite contents (%).
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(b)

Photo. 1. Macrostructures of (a) high heat input
welded joint and (b) low heat input
welded joint.
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Photo. 2. Morphological changes of §-ferrite in the inner part of pass with increasing
amount of J-ferrite.
(a) Welded joint G (0.6%0d--F) (b) Welded joint J (4.8%0-F)
(c) Welded joint I (13.19406-F) (d) Welded joint J (4.8%0d-F)

N

A

(<
<

Photo. 3(a).

(b).

(a) (b)
Morphological change of d-ferrite at pass boundary (Welded joint
D, 4.09,0-ferrite).

Magnified microphotograph of brackets in (a).
G: Granular §-ferrite, R: Rod-like §-ferrite
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(a) C(b)

Photo. 4. Three dimentional observation of §-ferrite for welded joint D (4.0%d-ferrite).

(a) and (b) are same place of cross section, but (b) is justly interior part
from (a).

bl

s |

ferrite content (%)

(‘0Held) 10 100 1000
N Time (hr)

(a) Low heat input weld metals.

12

o 0} ——Q—
> b C -—0-— ¢
g o8k o= E
NS et
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3 3 . = 3 —
Photo. 5. Relation between growth direction of ol 2
solidifying structure and distribution of o L
o-ferrite at the cross part of each face- (as%ve1d)

and back-side pass for welded joint D Tiee (m)
(4.095-F).

(b) High heat input weld metals.

Fig. 3. Decrease of g-ferrite content at 650°C.

Carbide content (%)

(asoweld)

Time (hr)

Fig. 4. Carbide precipitation of weld metal during heating at 650°C.
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Fig. 6. Recomendable built-up sequence for
stainless steel welded joint.
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