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Austenitic stainless steels are extensively used in several industries such as power generation 

(both conventional and nuclear) and chemical and petrochemical industries because of their 

excellent corrosion resistance as well as their good mechanical properties. Austenitic stainless steel 

weld metal normally has a duplex structure that contains varying amounts of ferrite. It is 

recognized that2f sufficient ferrite (510%) is in the weld metai, the ferrite will effectively prevent 

hot-cracking.('-j' The origin of ferrite and the role of ferrite in preventing hot-cracking has been 

addressed elsewhere.('-77' The ferrite phase in austenitic stainless steel welds has been found to exist 

in four distinc$,fypes of morphologies, namely vermicular, acicular, and globular.@) Although ferrite 

in austenitic stainless steel weld metal has a beneficial effect in preventing hot-cracking during 

welding, when exposed to elevated temperatures during service, the duplex structure of austenite 
y + ferrite 6 embrittles extensively, leading to a degradation of mechanical properties. 

The microstructure of type-308 austenitic stainless steel weld metal containing y and Q and 

ferrite is shown in Figure 1. Typical composition of the weld metal is Cr-20.2, Ni-9.4, Mn- 1.7, Si- 
0.5, c-0.05, N-0.06 and balance Fe (in wt %). The origin of the duplex (y + 6) microstructure is 

the nonequilibrium nature of the transformations that follow weld pool solidification and 

subsequent cooling of the weld metal to room temperature. An earlier study(47' showed the 
solidification sequence in type-308 stainless steel weld metal consisted of primary crystallization 

of &-ferrite with subsequent envelopment of &ferrite by austenite (y) and a 6-y transformation 

continuing below the solidus. As a result, ferrite is often located along the cores of the primary and 

secondary dendrite arums and iaenriched in chromium and depleted in nickel. Other investigations 

by Suutala et a1 ( 5 )  and Takalo'et have identified the mode of freezing and the resulting 

microstructures of austenitic stainless steel welds as a function of CrNi equivalent ratios. 

Embrittlement at Temaeratures 2550°C 

- - -  
When type-308 stainless steel welds were aged at temperatures 550,650,750, and 850°C 

for times up to 10,000 hrs, a number of changes were observed in the as-welded microstructure.(g~'o) 

In the early stages of aging, precipitation of M2,C6 carbide was observed at the original 

austenite/ferrite interface (Figure 2). At the same time, the ferrite was found to dissolve to a 
limited extent, leaving the residual ferrite more enriched in chromium and depleted in nickel. Upon 

aging further, ferrite transformed to signa phase (Figure 3). The electron micrograph in Figure 3 

reveals the structure after 100-hr aging wherein the original austenite/ferrite boundary is clearly 
marked by the M2,C6 precipitates and the ferrite has transferred to sigma phase. Figure 3 also shows 

the receded sigma boundary due to the dissolution of ferrite. The continuous network of carbides 

is the key to the degradation of mechanical properties of the weld metal.(9-'2) The sequences of 
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events were the same at all temperatures investigated. However, the kinetics of the transformations 

were faster at higher temperatures. 

Embrittlement at TemDeratures 450°C 

Changes in the as-welded microstructure observed upon aging of type-308 stainless steel 

weld metal at 400°C or 475°C for times up to 5,000 hrs were significantly different from those 

described above. Aging at temperatures less than 550°C showed no evidence of the ferrite-to-sigma 

phase transformation. However, precipitation of MZ3C6 carbide at the austenite/ferrite interface was 

found. During the initial stages of aging, within the ferrite, a fine-scale spinodal decomposition of 
ferrite into iron-rich a and chromium-rich a' phases was ob~erved('~*'~)as shown in Figure 4. This 

decomposition of ferrite in the weld is similar to observations made in some ferritic steels. (15-'*) 

This transformation has been found to embrittle the ferritic steel. Also within the ferrite, in addition 

to the spinoda) decomposition, abundant precipitation of a nickel-rich silicon phase, namely G- 

Phase, was okerved. (I4) Determination of the ferrite hardness as a function of aging time and 

temperature indicated extensive hardening of the ferrite during aging.(13' Also during the early 

stages of aging there is a shift in the Charpy impact ductile-brittle transition temperature (DBTT) 
as shown in Hi@re 5. With extended aging, a drop in the upper shelf energy was also observed. 

These observations can be attributed to the extensive solid-state transformations that occur within 
the ferrite during aging. 

Summary 

Exposure of austenitic stainless steel welds to elevated temperatures can lead to extensive 
changes in the microstructural features of the weld metal. On exposure to elevated temperatures 

over a long period of time, a continuous network of M,,C, carbide forms at the austenite/ferrite 
interface. Upon aging at temperatures between 55O-85O0C, ferrite in the weld has been found to 

be unstable and transforms to sigma phase. These changes have been found to influence mechanical 

behavior of the weld metal, in particular the creep-rupture properties. For aging temperatures below 

550°C the ferrite decomposes spinodally into a and a' phases. In addition, precipitation of G-phase 

occurs within the decomposed-ferrite. These transformations at temperatures below 550°C lead to 

embrittlement of the weld met& as reyealed by the Charpy impact properties. 
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Figure 2. Electron micrograph of type 308 stainless steel weld 

aged at 650°C for 18 min 
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Figure 4. Electron micrograph of decomposed ferrite in a weld 

aged at 475 "C for 5000 hr. The electron micrograph shows the 

G-phase, M,,C, carbides, and the mottled nature of the 

spinodaIIy decomposed ferrite into a and a' phases. 



Figure 5. 

80 

60 - 
Y 
-3 

>. 
(3 40 

W 
z 
W 

a 

20 

ORNL-DWQ 90-11959 
.,. ,I.. 

I I I I I I As Welded I 

0-fl Aged 475'WlOOh 

O- - 0 Aged 475'C/1000h 

TOP - TL 

O0 

,e 

4' 

0 

f 

0 

-200 -100 0 100 200 300 

TEMPERATURE ["C) 

Charpy impact test results (impact energy vs test temperature) 

as a function of aging time at 475°C 


