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F i g . 4--Compositions and m i c r o s t r u e t u r a t t3q~es of the e x p e r i -
mental welds on the Schaeffler d i a g r a m . The f i e l d s of t y p e s
A and C can be approximately d e f i n e d by the r a t i o of C r e q /
Nieq < 1.48 and ~> 1.95 respectively. Note " h i g h N " = 0.17
pet N and " h i g h Mn" = 5.5 pot Mn.

l o o k e d on a s c o n s e q u e n c e s of d i f f e r e n t m o d e s o f s o l i d -
i f i c a t i o n . I n the w e l d s of type A the a u s t e n i t e i s t h e
p r i m a r y s o l i d i f y i n g o r l e a d i n g p h a s e a n d d e l t a f e r r i t e ,
i f a n y , s o l i d i f i e s f r o m t h e r e s t m e l t b e t w e e n t h e c e i l s
( F i g . 5(a) a n d ( b ) ) . S o l i d i f i c a t i o n in t y p e B w e l d s i s
p r o b a b l y the i n v e r s e of t h i s , the d e l t a f e r r i t e b e i n g
t h e l e a d i n g p h a s e a n d a u s t e n i t e s o l i d i f y i n g f r o m t h e
r e s t m e l t . A t l o w e r t e m p e r a t u r e s t h e m a j o r i t y o f t h e
f e r r i t e i s t r a n s f o r m e d to a u s t e n i t e e i t h e r by a n e q u i -
a x i a l o r a c i c u l a r m e c h a n i s m , d e p e n d i n g on t h e s u p e r -
c o o l i n g of t h e d e l t a f e r r i t e ( F i g . 5(c) a n d ( d ) ) . I n type
C w e l d s o n l y the f e r r i t e s o l i d i f i e s d i r e c t l y f r o m t h e
m e l t a n d t h e a u s t e n i t e i s p r e c i p i t a t e d f r o m t h e s o l i d
f e r r i t e a t l o w e r t e m p e r a t u r e s . I t n u c l e a t e s p r e f e r e n -
t i a l l y a t t h e g r a i n b o u n d a r i e s a n d g r o w s into the i n -
t e r i o r of the g r a i n s by a n a c i c u l a r m e c h a n i s m a s a
c o n s e q u e n c e of p r o n o u n c e d s u p e r c o o l i n g ( F i g . 5 ( e ) ) .

T o s u m m a r i z e , in c o n s i d e r i n g t h e m i c r o s t r u c t u r e a t
r o o m t e m p e r a t u r e , one s h o u l d e m p h a s i z e that b o t h s o -
l i d i f i c a t i o n a n d t h e p h a s e t r a n s f o r m a t i o n 5 ~ ~ h a v e
a n e f f e c t o n t h e s t r u c t u r e in type B w e l d s , w h e r e a s i t
i s d e t e r m i n e d a l m o s t e n t i r e l y by the s o l i d i f i c a t i o n in
type A w e l d s a n d by the p h a s e t r a n s f o r m a t i o n 5 ~ y in
type C w e l d s .

T h e s o l i d i f i c a t i o n m o d e l p r o p o s e d h e r e f o r weld
m e t a l i s s u p p o r t e d by the w o r k by F r e d r i k s s o n3 c o n -
e e r n i n g d i r e c t i o n a l s o l i d i f i c a t i o n o f a n a u s t e n i t i c
s t a i n l e s s s t e e l of t y p e 304 ( C r e q = 19,8 a n d N i e q =
1 0 , 1 ) . T h i s s t e e l s o l i d i f i e s p r i m a r i l y a s f e r r i t e , but
a n i t r o g e n a d d i t i o n f r o m 0 . 0 6 to 0.18 t o 0 . 2 5 p e t d e -
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F i g . 5--Proposed solidification m o d e l for austenitic and aus-
tenitic-ferritic weld m e t a l s (schematic): (a) Type A , the weld
m e t a l solidtftes completely to austenite and no f u r t h e r high
t e m p e r a t u r e transformation t a k e s p l a c e , (b) Type A , a u s t e n -
ire i s the l e a d i n g p h a s e and d e l t a f e r r i t e s o l i d i f i e s from the
r e s t of the m e l t , (c) Type B , d e l t a f e r r i t e i s the l e a d i n g
p h a s e , a u s t e n i t e s o l i d i f i e s from the r e s t of the melt and a
q u i c k p h a s e transformation 6 ~ 1/ t a k e s p l a c e at high tem-
p e r a t u r e s , (d) A s (c), but a h i g h e r volume fraction of f e r r i t e
at room t e m p e r a t u r e i s p r e s e n t , (e) Type C , the weld m e t a l
s o l i d i f i e s completely to d e l t a f e r t i l e and austenite f o r m s
through a s o l i d s t a t e transformation.

p e n d i n g o n t h e c o o l i n g r a t e c a u s e s a c h a n g e in the s o -
l i d i f i c a t i o n s e q u e n c e . T h i s d e c r e a s e s t h e r a t i o of
C r e q / N i e q a p p r o x i m a t e l y to t h e v a l u e , w h i c h c o r r e -
s p o n d s to a t r a n s i t i o n f r o m type B to type A m i c r o -
s t r u c t u r e in t h e w e l d s ( s e e F i g . 4).

T h e m i c r o s t r u c t u r e t y p e s p r e s e n t s o m e i n t e r e s t i n g
c o n n e c t i o n s w i t h w e l d i n g p r a c t i c e a n d the p r o p e r t i e s
of a u s t e n i t i c s t a i n l e s s w e l d s . T h e m a j o r i t y of c o m -
m e r c i a l f i l l e r m e t a l s a n d s t e e l s a r e b a l a n c e d so that
t y p i c a l l y 4 to 10 v o l p c t d e l t a f e r r i t e i s p r e s e n t a t
r o o m t e m p e r a t u r e . A c c o r d i n g t o D e L o n g t h e f e r r i t e
n e t w o r k b e c o m e s c o n t i n u o u s a t l e v e l s b e g i n n i n g s o m e -
w h e r e in t h e r a n g e 4 t o 7 v o l p c t .2 T h e s e p o i n t s of
v i e w a g r e e we l l w i t h f e a t u r e s of type B w e l d s in ou r
c l a s s i f i c a t i o n . I n a d d i t i o n , the r a n g e of t h e m a x i m a l
r e s i s t a n c e t o hot c r a c k i n g a s d e t e r m i n e d by H u l l4
c o i n c i d e s e x c e l l e n t l y w i t h t h e r a n g e o f t y p e B w e l d s .

F i n a n c i a l s u p p o r t f r o m t h e F o u n d a t i o n of O u t o k u m p u
O Y , the W i h u r i F o u n d a t i o n a n d the E m i l A a l t o n e n
F o u n d a t i o n i s g r a t e f u l l y a c k n o w l e d g e d by t h e a u t h o r
N . S . , a n d s u p p o r t f r o m t h e F i n n i s h A c a d e m y by t h e
a u t h o r T . M .

A p p e n d i x 1 . T h e G r e e k a l p h a b e t a n d n a m e s o f t h e
l e t t e r s p r e s e n t in t h e p a p e r
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