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RESIDUAL ELEMENTS WVE SIGNIFICANT EFFECTS ON THE 
ELEVATED-TEMPERATTJRE PROPERTIES OF 

AUSTENITIC STAImESS STEEL WELDS* 

D. P. Edmonds, R. T. King, and G. M, Goodwin 

ABSTRACT 

The influence of various residual elements on the elevated- 
temperature properties of austenitic stainless steel welds has 
been investigated at the Oak Ridge National Laboratory (ORNL). 
Included in this investigation are the effects of B, P ,  Ti, C ,  
S, and S i .  This work is aimed at developing austenitic stain- 
less steel weld materials with enhanced elevated-temperature 
properties. 

The materials investigated in this program include types 
308, 316, and 16-8-2 stalnless steel weld metals. Processes 
investigated include shielded metal-arc (SMA), gas tungsten-arc 
(GTA), and submerged-arc (SA) welding. Early work was done with 
type 308 and 316 SMA weld metals, where the greatest enhancement 
of properties resulted from controlled additions of boron, 
phosphorus, and titanium TO the deposits. Significant improve- 
ments in the properties of GTA and SA welds also result from the 
addition of these residual, elements. The optimum residual 
element compositions were determined to be nominally 0.05% Ti, 
0.04% P ,  and 0.006% B f o r  SMAwePds and 0.5% Ti, 0.04% P, and 
0,006% B for GTA welds. Submerged-arc welds with 0.2% Ti have 
exhibited improved creep strengths. 

INTRODUCTION 

A significant problem in the production of fully austenitic stainless 

steel welds is their tendency for hot-cracking and micro-fissuring. To 

minimize this tendency, the compositions of welding materials are generally 

modified to produce small amounts of delta ferrite (usually 3 to 7 vol %) 

In the as-welded structure.' 

elevated-temperatures (500 to 900°C) for extended periods of time, the 

ferrite transforms to a hard, brittle phase known as sigma phase.2 This 

transformation leads to low ductility ruptures (and low strength in some 

cases) when sufficiently high stresses are applied at elevated temperatures. 

However, when these materials are exposed to 

* 
Work performed under ERDA/RDD 189a OH024, Joining Technology 

Development. 
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Ruptures gene ra l ly  occur a long i n t e r s u b s t r u c t u r a l  boundaries  between I:he 

a u s t e n i t e  and sigma phases.  This tendency for low d u c t i l i t y  r u p t u r e s  h a s  

l e d  t o  design p e n a l t i e s  f o r  welded, a u s t e n i t i c  s t a i n l e s s  s tee l  s t r u c t u r e s  

under c e r t a i n  ope ra t ing  condi t ions .  For example, ASME Boiler and Pressure  

Vessel Code Case 1592 r e q u i r e s  t h a t  ' I . ,  . when creep  e f f e c t s  are 

s i g n i f i c a n t  ... i n e l a s t i c  s t r a i n s  accumulated i n  t h e  weld r eg ion  s h a l l  no t  

exceed me-ha2f t h e  s t r a i n  va lues  permit ted f o r  t h e  pa ren t  material ... . 
For these  reasons,  w e  are i n v e s t i g a t i n g  f a c t o r s  t h a t  a f f e c t  the p r o p e r t i e s  

of gas  tungsten-arc  (GTA), sh i e lded  metal-arc (SMA) , and submerged-arc (SA) 

welds. 

I I  

Ear ly  work' on t h i s  program revea led  t h a t  w e l d s  made wi th  type 308 SHA 

e l e c t r o d e s  wi th  t i t a n i a  and l i m e - t i t a n i a  coa t ings  had h ighe r  creep s t r e n g t h s  

than  welds made wi th  lime-coated e l e c t r o d e s  (Fig.  1 ) .  This  i nd ica t ed  t h a t  

t i t an ium from the  e l e c t r o d e  coa t fng  had a major e f f e c t  on t h e  c reep  proper- 

t i e s  of t h e  weld. E lec t rodes  were then made by a commercial manufacturer 

us ing  s tandard  l i m e - t i t a n i a  coa t ings  formulated t o  y i e l d  depos i t s  with 

h igh  and low l e v e l s  of C ,  S i ,  S ,  P ,  and PI. The fo l lowing  r e s u l t s  were 

obta lned  from t h i s  s tudy .  

1. Higher carbon con ten t s  (up t o  0.074%) markedly i n c r e a s e  rup tu re  

l ives  bu t  decrease  creep d u c t i l i t i e s  (Fig.  2 ) .  

2 .  Reducing s i l i c o n  conten t  ( t o  0.29%) inc reases  d u c t i l i t y ,  wi th  

n e g l i g i b l e  e f f e c t s  on rup tu re  l i f e  (Fig, 3 ) .  

3 .  Higher l e v e l s  of phosphorus (up to  0.04%) i n c r e a s e  rup tu re  l i f e  

and d u c t i l i t y  (Fig.  4 ) .  

4 .  Var ia t ions  i n  s u l f u r  conten t  (0.006 t o  0.027%) have n e g l i g i b l e  

e f f e c t s  on c reep  (P ig ,  5 ) .  

5. Higher levels of boron (up t o  0.06%) i n c r e a s e  r u p t u r e  l i f e  and 

d u c t i l i t y  (Fig.  6 ) .  

S i m i l a r  work w a s  done f o r  type  316 s t a i n l e s s  s t ee l ,  SMA weld m e t a l s .  

Resu l t s  of t h i s  s tudy  l e d  t o  the  development of SMA types  308 and 316 

s t a i n l e s s  s teel  weld metals wi th  enhanced creep s t r e n g t h s  and d u c t i l - i t i e s  

( type  308 d a t a  shown i n  Fig.  7 ) .  These materials are c a l l e d  Control led 
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Fig. 1. Comparison of Creep-Rupture Curves f o r  Type 308 S t a i n l e s s  
S t e e l ,  S h i e l d e d  Metal-Arc Welds - T e s t e d  at 1200'F and 18,000 p s i .  

1000 0 200 400 600 800 
TIME ( h r )  

Fig. 2 .  Effect of Carbon Content on the Creep of Type 308 S t a i n l e s s  
S t e e l ,  S h i e l d e d  Metal-Arc Weld Metal a t  1200*F and 18,000 p s i .  
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Fig. 3. Effect of Silfcon Content on the Creep of Type 308 Shielded 
Metal-Arc Stainless Steel Weld Metal at 1200'F and 18,000 psi. 
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Fig.  5 .  E f f e c t  of Sulfur Content on t h e  Creep of Type 308 S t a i n l e s s  
S t e e l  Shielded Metal-Arc Weld Metal a t  1200°F and 18,000 psi. 
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Pig .  6 .  E f f e c t  of Boron Content on the Creep of Type 308 S t a i n l e s s  

S t e e l  Shielded Metal-Arc Weld Metal a t  1200°F and 20,000 p s i .  
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Fig. 7 .  Creep Rupture Properties o f  Type 308 Stainless Steel, 

Shielded Metal-Arc Welds. 

Residual Elements (CW) electrodes and produce nominally 0.05% Ti, 0.04% P, 

and 0.006% B in the deposit. 

We have also investigated types 308, 316, and 16-8-2 GTA welds. 

Several small heats of GTA welding wire with varying amounts of boron, 

phosphorus, and titanium were made at ORNL. 

of welds made from these heats showed that titanium is the most potent 

strengthener and produces the greatest increases in ductility. In addition 

to improving properties, the extra titanium increased the amount of ferrite 

in the welds without the low ductility ruptures commonly associated with 

the instability of this phase. It was determined (Figs. 8 and 9) that the 

best combination of residual elements in the type 308 stainless steel, 

GTA welds is nominally 0 . 5 %  Ti, 0.04% P, and 0.006% B, with the levels of 

all other residuals as low as possible. Similar results were obtained f o r  

type 316 stainless steel, GTA weld metals. These residual element additions 

did not significantly improve the properties of type 16-8-2 stainless steel, 

GTA weld metals. 

Results from creep testing 
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I n  a n  at tempt  t o  demonstrate commercial c a p a b i l i t i e s  f o r  producing 

CRE w i r e s ,  we have procured seveal l a r g e  (225 kg) stainless steel i n g o t s  

from f o u r  s teelmakers .  

and SA welding. Prel iminary resu l t s  from creep t e s t i n g  of GTA welds made 

from t h e s e  w i r e s  i n d i c a t e  t h a t  several of t h e  l a r g e  h e a t s  have p r o p e r t i e s  

comparable wi th  t h e  smaller CRE h e a t s  desc r ibed  above ( t y p e  308 weld metal 

d a t a  are shown i n  Figs .  10 and 1 1 ) .  

t h e s e  w i r e s  us ing v a r i o u s  commercial f l u x e s .  

308 weld metal d a t a  given i n  Fig.  1 2 )  has  shown t h a t  h ighe r  than normal 

t i t a n i u m  concen t r a t ions  (approximately 0.2%) i n  t h e s e  SA w e l d s  g r e a t l y  

enhance t h e  creep s t r e n g t h .  

cesses with types 316 and 16-8-2 weld metals. 

Wires have been drawn from t h e s e  i n g o t s  f o r  GTA 

Also ,  SA test welds have been made w i t h  

Creep-rupture t e s t i n g  (type 

Simi la r  r e s u l t s  were ob ta ined  f o r  both pro- 
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Fig. 10. Creep-Rupture S t r e n g t h  of Type 308 S t a i n l e s s  S tee l ,  Gas 
Tungsten-Arc Weldments a t  6 4 9 O C  (1200*F). 
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In slmunary, we have found that additions of boron, phosphorus, and 

titanium to types 308, 316, and 16-8-2 stainless steel welds produce 

enhanced elevated-temperature properties. 

compositions were determined to be nomially 0.05% Ti, 0.04% P, and 0.006% B 

for SMA welds and 0.5% Ti, 0.04% P, and 0.006% B for GTA welds. 

arc welds with approximately 0.2% Ti have exhibited improved creep strengths 

The optimum residual element 

Submerged 
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