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Flux-cored Wire For Stainless Steel Welding 
Akinobu Gotho*, Tsuneshi Ogawa*, Shogo Nastume* and Yoshiya Sakai* 

This paper describes a advances in the technology ot stainless steel welding in Japan. The development and special features of flux 
cored wire for stainless steels are expalined. Finally, recently developed wires are introduced. 

INTRODUCTION 

A d v a n c e s in a u t o m a t i c a n d s e m i a u t o m a t i c w e l d i n g 

of s ta in less steel has b e e n r e m a r k a b l e in recent years , 

a n d t h i s is la rge ly d u e to t he d e v e l o p m e n t of 

f l u x - c o r e d w i res for s ta in less steels . F L u x - c o r e d w i re 

for s ta in less s teel f i rst a p p e a r e d o n the marke t abou t 

t en yea rs ago , a n d its p r o d u c t i o n has i n c r e a s e d 

r a p i d l y . In 1990, t h e a m o u n t of p r o d u c t i o n of 

f l u x - c o r e d w i r e w a s s im i la r to tha t of c o v e r e d 

e lec t rode , as s h o w n in f i gu re 1. 
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Fig. 1 : Change in the production of Welding Consumables 
for Stainless Steel in Japan 

H o w e v e r it n o w o c c u p i e s a lmos t 3 5 % of t he to ta l 

p r o d u c t i o n of w e l d i n g c o n s u m a b l e s for s ta in less 

steels. Re la ted to t he i nc ras ing popu la r i t y of f l u x c o r e d 

w i re , its app l i ca t i on has b e e n e x p a n d i n g , a n d va r i ous 

t y p e s of w i r e have b e e n d e v e l o p e d . In th is p a p e r , 

t he supe r i o r f ea tu res of th is f l u x - co red w i r e s a n d 

newly d e v e l o p e d f l ux -w i res are d e s c r i b e d . 

Features of Flux-Cored Wire for Stainless Steels 

Excel lent W e l d i n g E f f i c iency : The f l u x - c o r e d w i r e for 

s ta in less s tee l p r o v i d e s a 2 to 4 t i m e s h i ghe r 

d e p o s i t i o n rate c o m p a r e d to c o v e r e d e l ec t r ode , as 

s h o w n in F igure 2. The M a x i m u m a l l o w a b l e w e l d i n g 

cu r ren t fo r it is m o r e t h a n 250 a m p e r e s , w h i c h 

s u g g e s t s t h e p o s s i b i l i t y of f u r t h e r i n c r e a s e s in 

w e l d i n g e f f i c iency . A c o m p a r i s o n of t he d e p o s i t i o n 

e f f i c iency is s h o w n in F igu re 3. The d e p o s i t i o n 

e f f i c iency of t he f l u x - c o r e d w i re is a p p r o x i m a t e l y 90%, 

w h i c h is m u c h h ighe r t h a n that of c o v e r e d e lec t rode . 
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Fig. 2 Comparision of Deposition Rate 
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Fig. 3 : 

Superior Weldability 

Wide Range of W e l d i n g C o n d i t i o n s : The o p t i m u m 

w e l d i n g c o n d i t i o n r a n g e fo r f l u x - c o r e d w i re for 

Kobe Steel Ltd., Fujisawa 251, Japan. 
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s ta in less s tee l is m u c h w i d e r t h a n tha t fo r so l id w i re 

M I G w e l d i n g , as s h o w n in F igure IV. Flux- c o r e d w i re 

c a n be u s e d w i t h C 0 2 as sh ie ld ing gas , h e n c e the 

o p t i m u m w e l d i n g v o l t a g e range is c o n s i d e r a b l y w i d e r 

t h a n lha t fo r so l id w i r e M I G w e l d i n g . 
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Fig. 4: Comparison of Suitable Welding Condition Flanges 
between Flux-Cored Welding and Solid MIG Welding. 

L o w Spa t te r G e n e r a t i o n : Dur ing the so l id w i r e CO2 

g a s s h i e l d e d arc w e l d i n g , a g rea t dea l of spa t te r is 

g e n e r a t e d , m a k i n g its r e m o v a l no easy task . In 

c o n t r a s t , in w e l d i n g u s i n g f l u x - c o r e d w i re , spa t te r 

g e n e r a t i o n r ema ins l ow even w h e n C 0 2 g a s is used . 

A c c o r d i n g l y , spa t te r r emova l requ i res m u c h less 

l abou r t h a n it d o e s w h e n us ing c o v e r e d e l ec t r ode . 

Th is fea ture , t o g e t h e r w i t h t he h i gh d e p o s i t i o n rate, 

pe rm i t s t he to ta l w e l d i n g cos t to be g rea t l y r e d u c e d . 

Beaut i fu l ly S h a p e d We ld B e a d : B e c a u s e of t he 

s u p e r i o r s p r e a d i n g c h a r c t e r i s t i c of t h e arc a n d 

exce l len t we t tab i l i t y of m o l t e n meta ls , t he w e l d b e a d 

f o r m e d in a g r o o v e b e c o m e s c o n c a v e , and a s o u n d 

w e l d c a n be easi ly o b t a i n e d w i t h o u t insuf f ic ient 

p e n e t r a t i o n o r o t h e r w e l d i n g d e f e c t s . A l so in 

ho r i zon ta l fi l let w e l d i n g , it is easy to o b t a i n a flat 

b e a d w i t h o u t u n d e r c u t s o r ove r l aps . The s lag f o r m i n g 

agen t c o n t a i n e d in t h e w i r e c o v e r s t h e b e a d sur face , 

t h u s c rea t i ng a beau t i f u l b e a d a p p e a r a n c e , and 

m a k i n g the b e a d c o m p a r a b l e to tha t o b t a i n e d w i t h 

c o v e r e d e lec t rodes . 

As exp la i ned above , f l u x - c o r e d w i r e fo r s ta in less steel 

has so lved t h e g rea tes t p r o b l e m in s ta in less steel 

so l id w i re M I G w e l d i n g , w h i c h is t h e na r row range 

of o p t i m u m w e l d i n g c o n d i t i o n s , w i t h o u t us ing any 

spec ia l i zed p o w e r supp l y . 

Va r ious f l u x - c o r e d w i r e s for s ta in less s teel are l is ted 

in Tab le 1. 

T h e c h e m i c a l c o m p o s i t i o n s a n d m e c h a n i c a l 

p rope r t i e s of t hese w i r e s sat is fy t he r e q u i r e m e n t s of 

A W S A5.22. As s h o w n in Tab le 1, t he r a n g e of 

app l i cab le s teel t y p e s has b e e n e x p a n d e d a n d mos t 

m a j o r f y p e s of s t a i n l e s s s tee l c a n b e w e l d e d 

sa t is fac tor i l y us ing the f l u x - c o r e d w i re . 

Wire Dia . : 1 .2mm' 

-

-
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i i i 
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TABLE 1 : KIND OF FLUX-CORED WIRES FOR STAINLESS STEELS AND TYPICAL PROPERTIES O F WELD METALS 

Trade Name Others 
AWS C Si Mn Ni Cr Mo T.S El. vE. 

N/mm? (%) (J.O.C.) 

DW-308 E308T-1 0.05 0.57 1.48 10.1 20.1 - 571 42 5.5 
DW-308II E308T-1 0.05 0.39 1.15 9 5 18.5 553 35 6.9 for high temp, use 
DW-308L E308LT-1 0 03 0.56 1.43 9.8 19.8 552 41 5.5 
DW-308 EL E308LT-1 0.02 0.51' 1.46 10.2 19.8 546 50 5.4 extra low carbon 
DW-308LT E308LT-1 0.03 0.44 2.17 10.6 18.5 - . 521 51 9.8 for low temp use 

DW-316 E316T-1 0.04 0.58 1.46 12.3 19 2 2 2 573 40 5 2 
DW-316L E316LT-1 0.03 0.59 - 12.5 19.3 2.2 556 41 5.1 
DW-316EL E316LT-1 0.02 0.55 1.40 12.4 19.1 2.2 545 45 5.3 extra low carbon 
DW-317L E317LT-1 0.02 0.58 1.32 . 12.9 19.5 3.4 589 37 5.2 
DW-347 E347T-1 0.03 " 0.47 1.41 10.2 19.2 Nb.0.05 566 43 7.2 
DW-309 E309T-1 0.04 0.58 1.21 12.4 24.3 - 612 31 4.8 

DW-309L E309LT-1 0.03 0.57 1.18 12.5 24.0 599 32 4.6 
DW-309MoL - 0.03 0.59 '1.21 12.5 23.8 2.3 705 27 4.2 
DW-329M 0.03 0.62 1.11 9.2 24.1 N:0.12 815 26 3.0 duplex stainless 
DW-410Cb 0.05 0.55 0.68 - 12.3 Nb:0.05 492 35 6.8 
DW-430CbS - 0.05 0.52 0.62 - 17.3 Nb:0.08 600 27 for cromic stainless 
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T A B L E 2 : PENETRANT TEST RESULTS OF TYPE 310 WELD METAL BY OVERLAY WELDING USING TYPE 310 FLUX-CORED 
WIRE (DW-310, 2 LAYERS OVERLAY WELDING) 

location Welding Current 
150 Amp 

Cracking Evaluation 
200 Amp. 250 Amp. 

0.5 mm below the surface No Cracking No Cracking 0.5-1.0 mm length : 3 
2.0-3.0 mm Length :4 

1.0 mm below the surface No Cracking No Cracking 0.5-1.0 mm length : 4 
2.0-3.0 mm length : 4 

2.5 mm below the surface No Cracking No cracking 0.5-1.0 mm length : 5 
3 0-4 0 mm length : 5 

Newly developed Flux-cored wires for Stainless 
Steels 

F l u x - c o r e d w i r e f o r al l p o s i t i o n w e l d i n g : O n 

c o n s t r u c t i o n p r o j e c t , ver t ica l o r o v e r h e a d pos i t i on 

w e l d i n g is o f t e n ca l l ed for, r equ i r i ng s o p h i s t i c a t e d 

ski l ls in w e l d i n g o p e r a t i o n . B e c a u s e s ta in less s teel 

exh ib i t s l ow c o n d u c t i v i t y and has a l ower me l t i ng 

po in t t h a n mi ld s tee ls , t h e m o l t e n w e l d me ta l c a n 

easi ly s a g d o w n d u r i n g ver t i ca l p o s i t i o n w e l d i n g . To 

so l ve t h i s p r o b l e m , t h i s w i r e c o n t r o l s t he s lag 

v iscos i t y at e leva ted t e m p e r a t u r e s a n d e n h a n c e s the 

arc s tab i l i ty at l ower w e l d i n g cu r ren t s . These fea tu res 

have m a d e the a l l - pos i t i on w e l d i n g of s ta in less s teel 

easier a n d c o m p a r a b l e to that of m i ld steel , r equ i r i ng 

no s o p h i s t i c a t e d sk i l ls in w e l d i n g o p e r a t i o n s . 

Fig. 5 s h o w s the c r o s s - s e c t i o n a l m a c r o s t r u c t u r e of 

t he w e l d b e a d in v a r i o u s p o s i t i o n w e l d i n g u s i n g th is 

w i re . In e a c h w e l d i n g pos i t i on , a f lat and beautiful ly-

s h a p e d w e l d i n g b e a d is o b t a i n e d . F igu re 6 s h o w s 

the o p t i m u m w e l d i n g c o n d i t i o n r a n g e for ver t i ca l a n d 

o v e r h e a d pos i t i on w e l d i n g . 
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Fig. 5 : Cross-Sectional Macrophotographs of the Fillet 
Welded Joint using Newly Developed Flux-Cored Wire 

Fig. 6 : Suitable Welding Conditions in Overhead and Vertical 
Position Welding 

F lux -Co red Wi re fo r t y p e 310 S ta in less Stee l : It is 

k n o w n that t y p e 310 s ta in less s tee l has 25Cr -20N i 

c o m p o s i t i o n w h i c h s h o w s the ful l aus ten i t i c s t r uc tu re 

a n d is h igh ly s u s c e p t i b l e to hot c r a c k i n g . Recent ly , 

a n e w f l u x - c o r e d w i r e a p p l i c a b l e to th is steel has 

b e e n d e v e l o p e d . The f l u x - c o r e d w i r e itself p e r m i t s a 

w i d e r a n g e of w e l d i n g c o n d i t i o n s ; h o w e v e r , t o 

p reven t ho t c r a c k i n g it is i m p o r t a n t t o u n d e r s t a n d 

the o p t i m u m w e l d i n g c o n d i t i o n s . Genera l l y in root 

pass w e l d i n g of th is steel , c r a c k i n g is m o s t l ikely to 

o c c u r . But s u c h ho t c r a c k i n g c a n b e p r e v e n t e d by 

r e d u c i n g the w e l d i n g c u r r e n t t o a p p r o x i m a t e l y 130 

a m p e r e s a n d us ing a l owe r w e l d i n g s p e e d as s h o w n 

in F igure 7. 
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T A B L E 3 : TYPICAL CHEMICAL AND MECHANICAL PROPERTIES OF TYPE 310 FLUX-CORED WELD METAL 

Chemical Composition of Weld Metal (wt%) Tensile Test Impact Test 
Trade Name 0.2% Proof Tensile Elong Absorbed 

C Si Mn P S Ni Cr Strength Strength% Energy 
N/mm2 N/mm2 % JAT OoC 

DW-310 0.15 0.60 4.38 0.013 0 003 20 67 26.43 420 615 33 88 

TABLE 4 : TYPICAL CHEMICAL COMPOSITION AND MECHANICAL PROPERTIES OF THE FLUX-CORED WELD METAL FOR 
DUPLEX STAINLESS STEELS. 

Chemical Composition of Weld Metal (wt%) Tensile Test 
Wire 
(Trade Name) C Si Mn P S Ni Cr 

0.2% Proof Tensile 
Strength 

N/mm 2 N/mm2 

Elog 
Strength 
% 

Conventional wire 
(DW-329M) 

0.03 0 6 3 1.10 0.025 0.008 9.20 24.15 631 821 26 

developed Wire 
(DW-329A) 

0.03 0.66 1.18 0.021 0.007 9.34 22.78 557 786 32 
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f ig . 7 : Suitable Welding Conditions for Preventing Root Pass 
Cracking in the Welding of Type 310 Stainless Steel 

Tab le 2 c o m p a r e s a c r a c k i n g res i s tance in t h e c a s e 

of ove r lay w e l d i n g . It a lso s h o w s that d e c r e a s i n g the 

w e l d i n g cu r ren t is e f fec t i ve to p reven t c r a c k s . Tab le 

3 s h o w s an e x a m p l e of the c h e m i c a l c o m p o s i t i o n 

a n d m e c h a n i c a l p r o p e r t i e s of t h e d e p o s i t e d meta l . 

F l u x - c o r e d Wi re fo r Dup lex S ta in less Steels : Dup lex 

s ta in less Stee l has a c o m p l e x m i c r o s t r u c t u r e in w h i c h 

the aus ten i t i c p h a s e is d i s p e r s e d in t h e ferr i t ic ma t r i x . 

B e c a u s e of the h ighe r heat input re la t ive to c o v e r e d 

e l ec t r ode , w e l d i n g w i t h c o n v e n t i o n a l f l u x - c o r e d w i res 

o f t e n resu l ts in c o a r s e g ra ins of d u p l e x s t ruc tu re . 

T h u s t h e n o t c h t o u g h n e s s of w e l d me ta l is insuf f ic ient . 

But a recen t l y d e v e l o p e d f l u x - co red w i r e p r o v i d e s a 

n o t c h t o u g h n e s s tha t is t h e t w i c e as g rea t as that of 

c o n v e n t i o n a l w i re , t h r o u g h o p t i m u m c o n t r o l of t he 

fer r i te a n d aus ten i te rat io . Tab le 4 s h o w s an e x a m p l e 

of t h e c h e m i c a l c o m p o s i t i o n a n d m e c h a n i c a l 

p rope r t i es of th is n e w w i re , a n d f i gu re 6 s h o w s an 

e x a m p l e of t he i m p a c t p rope r t i e s of t h e w e l d meta l . 

At t he ear ly s tage of t h e so l id i f i ca t ion p r o c e s s of the 

d u p l e x s ta in less steel , a s ing le fe r r i te p h a s e so l id i f ies 

f irst, a n d th is c a n s o m e t i m e c a u s e a hot c r a c k i n g 

(so l id i f i ca t ion c r a c k i n g ) . Th is hot c r a c k i n g a lso re lates 

to t he b e a d shape , a n d c a n easi ly o c c u r w h e n the 

b e a d is c o n c a v e . It is t he re fo re necessa ry to se lect 

t h e o p t i m u m w e l ; d i n g cu r ren t and w e l d i n g s p e e d to 

p reven t of hot c r a c k i n g . 
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Fig. 8 : Impact Properties of Newly Developed Flux-Cored 
Wire for Duplex Stainless Steel. 

CONCLUSION 

This p a p e r d e s c r i b e d s o m e of supe r i o r fea tu res of 

t h e f l u x - c o r e d w i r e fo r s ta in less steel , a n d has 

i n t r o d u c e d s o m e newly d e v e l o p e d w i res . The au tho r 

h o p e s that th is i n f o r m a t i o n wi l l b e use fu l fo r t he 

f u r t h e r i m p r o v e m e n t of s t a i n l e s s s t e e l w e l d i n g 

t e c h n o l o g y . 
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