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Ferritic stainless steels have recently drawn greater attention owing to their lower costs and better resistance to stress corrosion cracking 
than austenitic stainless steels. Although these properties make the alloy commercially attractive they still exhibit several significant draw 
backs that limit their use Ferritic stainless steels are less weldable than austenitic ones. A pronounced grain growth takes place in the 
heat affected zone and carbide precipitation occur at the grain boundaries. This makes the weld more brittle and decreases its corrosion 
resistance Furthermore cracks can occur in the weld metal when it cools down. 
When welding stainless steels care must be taken that welding process does not affect either the corrosion resistance of the weldment or 
its mechanical properties. This article covers what effects the welding process can have on the metallurgy of ferritic stainless steels, 
selection of consumable and suggests practical advice on how potential problems can overcome 

INTRODUCTION 

At present a large var ie ty of stain-
less steels wi th d i f ferent proper-
t ies is avai lab le : propert ies such 
as t oughness at ve r y l o w t e m -
peratures and h igh t e m p e r a t u r e 
s t r e n g t h . T h e m o s t i m p o r t a n t 
proper ly is of course, res istance 
to c o r r o s i o n in m a n y d i f f e r e n t 
types o f env i ronment . 

The propert ies of s ta in less steels 
vary wi th the chemica l compos i -
t ion which de termines thei r mic ro-
structure. The stainless steels can 
be broadly grouped into f i ve cat-
egor ies depending on the i r meta l -
lu rg ica l s t ruc ture . T h e y are (a) 
martensi te (b) Ferr i t ic (c) Auste-
ni t ic (d) p rec ip i ta t ion ha rden ing 
and (e) Duplex. By sui tably va ry -
ing the addi t ion of a l loy ing ele-
men ts par t icu lary ca rbon , ch ro -
m ium, Nicke l (and p rec ip i ta t i on 
harden ing e lements l ike Cu, Al , 
Cb etc in the case of prec ip i ta t ion 
ha rden ing s ta in less s tee ls ) , the 
matr ix structure of the s ta in less 
steel can be modi f ied and a spe-
cif ic structure can be reta ined at 
r o o m t e m p e r a t u r e . T h e m a t r i x 
structure of the sta in less steel in-

f luences not only the mechan ica l 
proper t ies of the s ta in less steel 
but also enhances the resistance 
to cor ros ion on spec i f i c med ia . 
Each group f inds speci f ic appl ica-
t ion and fo rms the most economi -
cal choice for a serv ice condi t ion. 
Of the above groups, the most 
p o p u l a r g r o u p , t he a u s t e n i t i c 
s ta in less s tee ls , is w ide ly used 

and there fore its weldabi l i ty and 
r e l a t e d p h e n o m e n o n h a v e be-
come quite c o m m o n . The marten-
sit ic and ferr i t ic sta in less steels, 
though not so popular, have spe-
c i f i c p r o p e r t i e s e s p e c i a l l y m e -
chanica l and corros ion propert ies 
wh ich make them candidate ma-
ter ial fo r severa l appl icat ions. 

Table 1 compositions of typical ferritic stainless steels 

Designation 
Analysis, wt -% 

C Si Mn Cr Al Mo Nb Ti 

AISI 405 0.06 0.25 0.40 13.5 0.20 
AISI 409 0.06 0.25 0.40 11.0 - _ _ 0.40 
AISI 429 0.06 0.40 0.40 15.0 - _ _ _ 
AISI 430 0.06 0.40 0.40 17.0 _ _ _ 
AISI 430 Ti 0.07 0.25 0.40 17.0 _ _ 0.50 
AISI 430 Nb 0.05 0.25 0.40 17.0 0.50 _ 
AISI 434 0.05 0.25 0.40 17.0 - 0.90 - -

AISI 436 0.05 0.25 0.40 17.0 _ 0.80 0.50 
AISI 442 0.08 0.25 0.40 21.0 - - - -

AISI 446 0.08 0.25 0.40 25.0 
18/2 0.02 0.40 0.40 18.0 2.0 _ _ 
18 SR* 0.05 1.00 0.50 18.0 2.0 - - -

HWT* 0.07 0.40 0.40 18.25 
Sichromal 10* 0.10 1.00 0.40 18.00 1.00 - - -

E-brite 26-1 0.02 - 26.00 - 1.00 - -

* This higher chromium grades containing high silicon, aluminium, or titanium are 
more usually used as heat-resisting grades. 
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T h e scope of th is d iscuss ion is 
l imi ted to ferr i t ic s ta in less steels. 
These steels conta in 17 - 2 6 % Cr 
w i th v a r y i n g a l l oy ing add i t i ons , 
f o r m an i n c r e a s i n g l y i m p o r t a n t 
g r o u p s of m a t e r i a l s ( 1 , 2 ) a n d 
present a cha l lenge to the long 
es tab l i shed a u s t e n i t i c s t a i n l ess 
steels in other than the most str in-
g e n t s e r v i c e c o n d i t i o n s . T h e 
chemica l compos i t ions of typ ica l 
steels are g i ven in table. 1. There 
pr imary advan tage inc lude lower 
m a t e r i a l cos t t h a n m o r e c o m -
mon ly used aus ten i t i c s ta in less 
steels and greater res is tance to 
stress corros ion c rack ing a l though 
these propert ies make the a l loys 
commerc ia l l y at t ract ive. They stil l 
exh ib i t severa l s i gn i f i can t d r a w 
backs that l imit their use. These 
inc lude reduced fo rmab i l i t y sus-
cept ib i l i ty to embr i t t l ement , sus-
cept ibi l i ty to hot c rack ing dur ing 
we ld ing , and a d v e r s e e f fec t of 
we ld ing on thei r mechan ica l prop-
er t ies ( t oughness and duc t i l i t y ) 
and res is tance to in te rgaranu la r 
corrosion. 

T o the we ld ing eng ineer , there-
fore, it becomes necessary to un-
de rs tand the we ld i ng of fe r r i t i c 
sta in less steels in order to fabr i -
cate componen ts wh ich wil l oper-
ate sat isfactor i ly in the in tended 
service. 

In th i s pape r , an a t t e m p t has 
been made to present in a con-
cise form, the weldab i l i ty of fer -
rit ic stainless steels, the va r ious 
c o n s u m a b l e , t e c h n i q u e s , h e a t 
t rea tment for the same in order to 
obta in sound joints. 

Structural Changes During 
Welding 
It is to be expected that the me-
chanica l , chemica l proper t ies of 
ferr i t ic sta in less steel we ldmen ts 

Table 2 - Probable Weld Pool Shape for Different Welding Conditions 

Condition Process Consumable Voltage, Current, Travel Heat Probable 
Diameter, V A Speed Input Pool 

mm mm/min kJ/mm, Shape 

1 SMA 3.2 20 100 180 0.7 Elliptical 
2 SMA 4.0 21 145 130 1.4 Elliptical 
3 GMA(spray) 1.2 31 320 450 1.3 Teardrop 
4. GMA(spray) 1.2 27 240 230 1.7 Elliptical 
5. GMA(globular dip) 1.2 23 180 125 2.0 Eliptical 
6 Submerged-arc 2.4 28 270 250 1.8 Elliptical 
7. Submerged-arc 2.4 32 370 620 1.1 Teardrop 

Fig 2 : Section of a fusion weld in a 17% chromium steel (X35) '3| 

wil l be strongly dependent on the 
features of the microstructure. In 
order to consider these re lat ion-
ships in detai l it is necessary to 
unders tand the structural t ransfor-
ma t ion that cou ld occur as the 
steel is heated and cooled dur ing 
we ld ing . To desc r ibe the s t ruc-
tura l t rans fo rma t ions caused by 
the we ld ing operat ion, two region 
must be d is t inguished wi th in the 
we ld ; A typ ica l e x a m p l e of the 
we ld microst ructure of 430 stain-
less steel is shown in Figure 1.(3) 

A region 'A ' of the heat a f fec ted 
zone (HAZ) in wh ich the meta l 
has reached the austeni t ic fo rma-
t ion ranges (i.e. 5 + r + e and 8 + r 
in f igure 2) As shown in f igure 1. 
austeni te fo rmed a long the gra in 
boundar ies and upon fast cool ing 
du r i ng w e l d i n g , t r a n s f o r m e d to 
martensi te, appear ing as the dark 
etching areas in f igure 1 ( region 
A) l i t t le grain growth takes place 

in this region. 

In r e g i o n B, t h e m e t a l has 
r e a c h e d t h e pu re d e l t a fe r r i t e 
r a n g e , a n d e x c e s s i v e g r a i n 
growth took place. Dur ing cool ing 
th rough the aus ten i te f o r m a t i o n 
ranges, a cons iderab le amount of 
a u s t e n i t e f o r m e d at t he g r a i n 
boundar ies. The austeni te fo rmed 
in reg ion B' is then t rans formed 
into mar tens i te as the weld cools 
to room temperature . 

It w i l l n o t e d t h a t t h e r e is no 
marked st ructura l d i f fe rence be-
tween the we ld metal and the por-
t ion of HAZ raised into ful ly delta 
ferr i te range. It is however , pos-
sible to d is t inguish between these 
regions, because the metal of the 
H A Z re ta ins an equ iaxed gra in 
structure, whereas the we ldmeta l 
possesses a c o l u m n a r s t ructure 
resul t ing f r om the direct ional so-
l id i f icat ion. 

Heat-affected zone Weld metal 

Unaffected material Region B 
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Fig 2 Vertical section at 17% Chromium ofthe Fe-Cr-C Phase Diagram 
From Castro and De Cadenet (3) 
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Fig 3 Reduction of impact properties with Grain 
Growth in a Ferritic stainless Steel , 6 ) 

Dur ing mu l t ipass we ld ing the H A Z 
e x p e r i a n c e s a d d i t i o n a l t h e r m a l 
cycles. D isso lu t ion as wel l as pre-
c i p i t a t i on m a y o c c u r d e p e n d i n g 
on tempera tu re and t ime but the 
net e f fec t -usua l l y are an inc rease 
in the aus ten i te f rac t ion and accu -
m u l a t i o n and g rowth of p rec ip i -
ta tes (12). 

High we ld heat inputs and h igh 
p reheat and i n te rpass t e m p e r a -
t u r e s p r o m o t e , c o a r s e g r a i n e d 
we ld depos i ts and heat e f fec ted 
zones , e x t e n d the w i d t h of t he 
H A Z and encou rage prec ip i ta t ion. 
These st ructura l c h a n g e s m a y af -
fect adve rse l y the p roper t ies of 
the we ldmen t . O n the o ther hand , 
very low hea t inpu ts t end to rap id 
coo l ing v^ i i ch restr ict g ra in g rowth 
and p r e c i p i t a t i o n e f f e c t s . H o w -
ever , the fast coo l ing suppresses 
t h e d e l t a - g a m a t r a n s f o r m a t i o n 
and the consequen t reduc t i on in 
austen i te conten t m a y a lso be un-
des i rab le in m a n y respects . 

Welding Metallurgy 

Most ferr i t ic s ta in less s tee ls h a v e 

c o m p o s i t i o n s that ensure a duc -
t i le fer r i t ic s t ruc ture at r o o m t e m -
perature . Va r ia t i ons in c o m p o s i -
t i on w i th in the s tandard compos i -
t i on l im i ts can result in the f o r m a -
t ion of sma l l a m o u n t s of aus ten i te 
dur ing hea t ing to e leva ted t e m -
pera tures , on coo l ing , the aus ten-
ite t r ans fo rms to mar tens i te , thus 
embr i t t l i ng the w e l d m e n t s by i ts 
p resence at the gra in boundar ies 
(4). 

Un l ike mar tens i t i c s teels, the fe r -
r i t i c s t a i n l e s s s t e e l s a r e n o t 
h a r d e n a b l e a n d d u r i n g w e l d i n g 
t h e r e f o r e do not requ i re a h igh 
degree of p reheat (4) Success fu l 
u t i l i z a t i o n o f f e r r i t i c s t a i n l e s s 
s tee ls o v e r a w ide range of eng i -
nee r i ng t echno log ies la rge ly de-
pends upon the response of the 
steel to we ld ing . The re are sev -
eral we ldab i l i t y issues cr i t ica l t o 
s u c c e s s f u l i m p l e m e n t a t i o n o f 
these steels in we lded s t ructure, 
wh i ch inc lude; 

• Gra in coarsen ing and subse-
quent loss of t oughness 

• Sens i t i za t ion 

• Notch sens i t i v i ty 

• E m b r i t t l e m e n t 

• F o r m a t i o n of s i gma phase 

• Suscept ib i l i t y to hot c rack ing. 

Grain Coarsening 

In m a n y fe r r i t i c s ta in less s tee ls 
g ra in g rowth is rapid. Due to the 
g rea te r a t o m i c mob i l i t y in ferr i t ic 
s t ruc tures, they s h o w more rap id 
g r a i n g r o w t h a n d l o w e r g r a i n 
coa rsen ing t e m p e r a t u r e s than to 
the aus ten i t i c s ta in less s tee ls (5) 

Dur ing we ld i ng ovung to the heat 
of we ld ing the s ing le phase fer-
r i t i c s t r u c t u r e c o a r s e n s in t h e 
HAZ. T h e ex ten t of g ra in coarsen-
ing is dependen t on the t ime and 
t e m p e r a t u r e to w h i c h the base 
m a t e r i a l w a s e x p o s e d d u r i n g 
we ld ing . T h e the rma l conduc t i v i t y 
of fe r r i t i c s ta in less steels is only 
h a l f t h a t o f c a r b o n s t e e l s but 
h i g h e r t h a n a u s t e n i t i c g r a d e s . 
Hence large hea t inpu t , excess i ve 
h e a t i n g d u r i n g w e l d i n g a re not 
p re fe r red for th is mater ia l . F igure 
3 shows the reduc t ion of impac t 
t rans i t ion p roper t ies wi th increas-
i ng g r a i n s i z e (6 ) . T h e h i g h e r 
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Table 3 : Effect of Alloying Elements in ferritic Stainless 
Steels 

Effects 
Ferrite former 
Scaling resistance 
Grain refiner 
Improves electrical properties 
Carbide former 
Ferritic stabilizer 
Makes steel less susceptible 
Makes steel less susceptible 
to high temperature embrittlement 
improves corrosion resistance 
Ferrite former, suppresses austenite 
formation 
Improves corrosion resistance 
improves weldability 
Grain refiner 
Austenite former 
Improves weldability 
At specific levels improves toughness 
produces hot shortness at high levels 
Reduces corrosion resistance 
Ferrite former 
High Si content produce large grain size 
Improves free machining 
characteristics 
Grain refiner 
Ferrite former 
Grain refinement 
greater affinity to C,N. 

2,0 

100 140 180 220 260 300 340 

GRAIN SIZE (M 10~5) 

Element 
Aluminium 

Columbium 

Molybdenum 

Silicon 

Sulphur 

Titanium 

Tungsten 

Nitrogen 

Phosphorus 

Fig 4 : Effect of heat input on the Grain Growth of a ferritic steel ,1t) | 

Fig 5 Effect of pool shapes on solidification sturcture and segregation. 
Columnar development in : 

a) Tear-shaped weld pool Arrows show almost invariant direction of maximum thermal gradi-
ent with early elimination of unfavourably oriented grains. Few columnar grains survives 
and centreline segregation occurs 

b) Elliptical weld pool; progressive change in direction of maximum thermal gradient survival 
of more columnar grains and segregation is spread across weld metal1181 

heat input emp loyed the larger wil l 
be the gra in size and the lower 
t h e i m p a c t p e r f o r m a n c e . T h e 
gra in growth in both we ld bead 
and HAZ is restr ic ted by addi t ion 
of n iob ium or t i tan ium (7,8 & 9), 
grain growth is restr ic ted by the 
product ion of carbo-n i t r ides wh ich 
pin the g ra in boundar ies , these 
p r e c i p i t a t e s a re h o w e v e r , 
resoluble, if the d i f fus ion param-
eters ( t ime & temp) are ex tended 
(10). In the weld ing context this 
means that heat inputs must be 
min im ized and kept be low about 
3 k J / m m so that prec ip i ta t ion dis-

solut ion does not occur and gra in 
growth does not become ex t reme 
see f igure (4). 

It has also been suggested that 
n i t rogen in the sh ie ld ing gas can 
ref ine the weld metal gra in size 
by the fo rmat ion of ni tr ide (11). 

Sensitization 

The sensi t iz ing range for ferr i t ic 
steels l ies above 925°C. Because 
of their h igh sensi t iz ing tempera-
ture ramge, the weld decay in fer-

rit ic sta in less steels occurs at the 
area immed ia te l y ad jacent to the 
we ld metal rather than some dis-
tance away as in the case of aus-
ten i t i c s ta in less steels. Fur ther -
more, unl ike the case of auste-
nit ic stainless steels, lower ing the 
carbon content is not very ef fec-
t ive in prevent ing the weld decay 
in ferr i t ic s ta in less steels. Since 
the d i f fus ion rates of carbon and 
c h r o m i u m are m u c h h i g h e r in 
b . c . c ( f e r r i t e ) t h a n in 
f . c .c (aus ten i t i c la t t ice, the rapid 
cool ing f rom above 925°C dur ing 
we ld ing does not real ly suppress 
the prec ip i ta t ion of ch rom ium car-
bide at the gra in boundar ies of 
fe r r i t i c s ta in less steels. For the 
some reason, lower ing the carbon 
content does not e f fect ive ly pre-
ven t c h r o m i u m carb ide f r om pre-

INDIAN W E L D I N G JOURNAL, APRIL, 1994 
10 



cipi tat ing unless the carbon con-
tent is ex t remely low (e.g. 0 . 002% 
in 446 stainless steel). Accord ing 
to Uhl ig (11) post annea l i ng at 
650 to 815°C encourages the d i f -
fus ion of ch rom ium a tmos to the 
c h r o m i u m dep le ted reg ion ad ja-
cent to ch rom ium carb ide precip i -
tates, and thus helps reestabl ish a 
u n i f o r m c h r o m i u m c o m p o s i t i o n , 
consequent ly the HAZ is resistant 
to intergranular corros ion. (12) 

Notch Sensitivity 

T h e n o t c h s e n s i t i v i t y of t h e s e 
steels is a f fec ted by tempera tu re 
in a manner s imi lar to that of car-
bon and al loy steels i.e, they ex-
hibi t duc t i l e to br i t t le t r ans i t i on 
t e m p e r a t u r e . T h e duc t i l e -b r i t t l e 
t r a n s i t i o n f o r f e r r i t i c s t a i n l e s s 
steels is wel l above room t e m -
perature also wi th h igher percent-
age of ch rom ium the mater ia l be-
comes britt le There fore , the fer-
rit ic stainless steels are used nor-
ma l l y on e l e v a t e d t e m p e r a t u r e 
appl icat ions. However , the gra in-
size plays an impor tant role in de-
termin ing the duct i le bri t t le t ransi -
t ion temperature . Here aga in the 
grain coarsening leads to an in-
crease of t ransi t ion tempera tu re . 
In these al loys an i m p r o v e m e n t in 
the t ransi t ion tempera tu re is most 
readi ly ach ieved by way of de-
crease in the interst i t ia l content 
(C + N) and secondly , by a de-
crease in grain size (13,14), care-
ful we ld ing pract ice is necessary 
with respect to weld ing process, 
weld ing consumable , we ld ing pro-
cedure etc., to avo id notch sensi-
t iv i ty. 

Embrittlement 

Ferri t ic stainless steels are prone 
to embr i t t lement due to the for -
mat ion of super lat t ice of i ron & 

c h r o m i u m wh ich is rich in chro-
m i u m contents. Th is is proposed 
to be due to the miscib i l i ty in the 
Fe-Cr sys tem leads to sphenoidal 
decompos i t ion (14,15). 

N o r m a l l y in w e l d i n g FS s tee ls , 
this embr i t t lement does not occur 
unless the mater ia l is exposed in 
th is t empera tu re range for long 
p e r i o d s s u c h as in w e l d s of 
th icker plates. 

Formation of Sigma Phase 

Sigma phase is hard, br i t t le inter-
meta l l ic compound . S igma phase 
has deleter ious ef fects on duct i l i ty 
and toughness. The occurance of 
s i g m a phase is on ly w h e n t he 
stain less steel is exposed for very 
long per iods in the tempera tu re 
range of 540-815°C (12,15 & 24). 
The al loy content , the t ime of ex-
posure d e c i d e the t e m p e r a t u r e 
r a n g e at w h i c h c o n s i d e r a b l e 
amoun t of s igma is precipi tated. 
No rma l l y in we ld ing th is phase 
does not f o rm but pro longed heat 
t r e a t m e n t s and s low coo l i ng in 
th is tempera ture range can cause 
the fo rmat ion of a s igma phase. 

Hot Cracking 

Sol id i f ica t ion hot crack ing in aus-
t e n i t i c s t a i n l e s s s t e e l s d u r i n g 
we ld ing has been the subject of 
n u m e r o u s i n v e s t i g a t i o n s (15 & 
16) H o w e v e r , because of t he i r 
genera l ly infer ior weldabi l i ty , the 
suspect ib i l i ty of fer r i t ic s ta in less 
steels to sol id i f icat ion hot crack-
ing has not been examined in de-
tai l . A n u m b e r of theor ies have 
been proposed to exp la in the ex-
is tence of the hot crack ing phe-
nomenon. In essence, sol id i f ica-
t ion crack ing takes place because 
of the ex is tence of residual l iquid 
f i lms between the sol id i fy ing units 

Table 4 : Electrodes for ferritic 
stainless steels 

Electrode 
classification Grades welded 

E 430 405, 446, 430, 405 
E 309/E310 405, 430, 430F, 

430F(sc)„ 446 
and their joints with 
mild steel. 

Table 5 : Typical Heat-Inputs of 
Various Welding Process 

Welding process Heatinput 
KJ/mm 

Manual GTAW 3.0 
Automatic GTAW 1.0 
Plasma 2.1 
Electron beam 0.28 

such that we ld cannot a c c o m m o -
date the imposed coo l ing strains. 

Because c rack ing is assoc ia ted 
wi th residual l iquid f i lms, consid-
erable a t tent ion should be paid to 
e lements caus ing a wide f reez ing 
range such as p.s etc., (16). 

S u s c e p t i b i l i t y to s o l i d i f i c a t i o n 
c r a c k i n g is w i d e l y he l d to in-
crease at h igh heat input (17). In 
general th is v i e w point is val id. 
W e l d s of s imi la r compos i t ion can 
be depos i t ed us ing S M A W and 
gas meta l arc (GMA) process at 
c lose ly c o m p a r a b l e heat inputs, 
but c r a c k i n g t ends to be more 
p r o n o u n c e d w i th la te r p rocess . 
T h i s p r o c e s s d e p e n d a n c e of 
c rack ing s tems f rom the inf luence 
of pool shape. If depos i t ion condi-
t ion are such as to cause a tear-
drop shaped pool, the growth of 
co lumnar gra ins dur ing sol id i f ica-
t ion occur as in Fig 5a(18). This 
results in marked centre l ine seg-
rega t ion of so lu te mate r ia l and 
the f ina l me ta l to so l id i f y may 
conta in such a high concent ra t ion 
of de le ter ious e lements that the 
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fer r i te present can not suppress 
crack ing. In cont rast d e v e l o p m e n t 
of the c o l u m n a r s t ruc ture in an el-
l ipt ical pool as in f i gu re 5b, re-
sults in segrega t ion of so lu te e le-
ments dur ing so l id i f i ca t ion be ing 
more spread out, and the r isk of 
c rack ing is d im in ished . 

Tea r drop shaped poo ls are mos t 
l ikely wi th h igh t rave l speeds as 
c o m m o n l y f ound wi th G M A we ld -
ing. Th is S M A process wil l nor-
m a l l y g i v e s an e l l i p t i c a l poo l 
W i t h concomi tan t lower c rack ing , 
t a b l e 2, g i v e s r e p r e s e n t a t i v e 
w e l d i n g c o n d i t i o n s f o r v a r i o u s 
processes, cove r i ng the a rc en-
ergy range encoun te red in no rma l 
fabr icat ion. 

Jo in t g e o m e t r y a f f e c t s c r a c k i n g 
behav iou r by in f l uenc ing the so-
l id i f icat ion pat tern Root runs are 
deep penet ra t ion passes, are es-
pecia l ly p rove to the p r o b l e m as 
heat ex t rac t ion takes p lace in two 
d imens ions p romot ing cent re l ine 
segregat ion. In mu l t i pass we ld ing 
s o l i d i f i c a t i o n c r a c k i n g c a n a l so 
occur if the passes are too w ide 
and concave . Th is is i l lus t ra ted in 
f i g u r e 6 (19 ) . D e e p a n d n a r r o w 
we lds can be ra ther suscept ib le to 
we ld cent re l ine c rack ing ow ing to 
the s teep ang le of a b u t m e n t be-
t w e e n c o l u m n a r g r a i n s g r o w i n g 
f r o m oppos i te s ides of the we ld 
pool. Th is is i l lus t ra ted in f i gu re .7 
(19). 

At present , the e f fec t and cont ro l 
of restraint are best hand led by 
exper iance . Broad gu ide l ines can 
be p roposed (20) such as th ick 
meter ia l be ing more l ike ly to g i ve 
c r a c k i n g t h a n t h i n s t e e l , f i l l e t 
w e l d s p o t e n t i a l l y b e i n g w o r s e 
than but we lds etc. but rest ra int 
cannot yet be adequa te l y quant i -
f i e d in t e r m s o f c r a c k i n g 
behav iour . 

Effect of Alloying Additions 

Tab le : 3 Shows the va r ious a l loy 
add i t ions m a d e to fer r i t i c s tee ls 
and the i r re lavent ef fects. 

Welding Consumable 

C o n s u m a b l e fo r t he w e l d i n g of 
fer r i t ic s ta in less s tee ls can be of 
the s a m e c o m p o s i t i o n as the par-
ent meta l or of an austen i t ic type. 
T o s o m e degree cho ice of con-
s u m a b l e type depends on the in-
t e n d e d use. Aus ten i t i c c o n s u m -
ab le may be pre fe r red to i m p r o v e 
we ld t oughness , but these m a y 
not fu l ly match parent steel cor ro-
s ion res is tance. T h e ma jo r a d v a n -
tage of we lds m a d e f r om ferr i t ic 
e lec t rodes is that the i r coe f f i c ien t 
of expans ion is s imi la r to that of 
the fer r i t ic s ta in less parent meta l . 
Th i s is of par t icu lar impo r tance in 
se rv i ce app l i ca t ions in wh ich the 
w e l d e d c o m p o n e n t s expe r i ences 
constant or e v e n occas iona l coo l -
ing cyc les ( thermal fa t igue) . 

If the use of an austen i t ic f i l ler 
meta l is not des i rab le f r o m the 
cor ros ion stand point (par t icu lar ly 
stress cor ros ion) , the jo int can be 
bu t te red w i th an aus ten i t i c f i l ler 
m e t a l a n d t h e n a f e r r i t i c f i l l e r 
m e t a l u s e d f o r t h e t o p l a y e r . 

P r o b l e m s c a n be e n c o u n t e r e d 
w i th aus ten i t i c f i l ler mater ia ls due 
to d i f f e r e n c e in e x p a n s i o n be-
tween fer r i t ic and austen i te may 
cause h igh st ress dur ing repeated 
hea t ing and coo l ing cyc les and ul-
t ima te l y tend to fa i lu re in the we ld 
jo in. Howeve r , in actua l pract ice, 
f a i l u r e s b e t w e e n a u s t e n i t i c and 
fe r r i t i c s ta in less s tee ls are ve ry 
rare ly caused by the d i f fe rence in 
c o e f f i c i e n t o f e x p a n s i o n . T h e 
re la t ive ly l o w y ie ld s t rength of the 
a u s t e n i t i c w e l d bead m i n i m i z e s 
the chance that a suf f ic ient con-
cen t ra t ion of s t ress wil l d e v e l o p in 
a reas ad jacent to the fer r i te or the 
br i t t le mar tens i te zone of the par-
ent meta l T h u s the soft austen i te 
acts as a cush ion or spr ing to dis-
t r ibu te the st ress un i fo rm ly Only 
in cases whe re a great m a n y heat 
cyc les ( therma l fa t igue) are expe-
r i e n c e d by the d i s s i m i l a r - m e t a l 
jo in t h a v e fa i l u res been caused 
by the d i f f e rence in coe f f i c ien ts of 
expans ion . (4 ,21) 

For w e l d m e n t s that are to be an-
nea led a f te r we ld ing , the use of 
aus ten i t i c f i l le r meta l can int ro-
duce severa l p rob lems. The nor-
ma l range of annea l ing t empera -
tu re f o r f e r r i t i c s t a i n l ess s tee ls 
fa l l s w i t h i n the sens i t i z ing t e m -
p e r a t u r e r a n g e f o r a u s t e n i t i c 
s teels Consequen t l y , un less the 

L_' ' J " 
W R O N G W R O N G 

TOO WIDE AND CONCAVE WASHED UP TOO HIGH 

(ALSO POOR SLAG REMOVAL) AND CONCAVE 

R I H G H T 
FLAT OR SL IGHTLY V O N V E X 

NOT QUITE FULL WIDTH. 
(ALSO GOOD SLAG R E M O V A L ) 

Fig 6 : Effect of weld bead shape on solidification cracking in multipass weld 1 
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aus ten i t i c w e l d m e t a l is of ex t ra 

c a r b o n c o n t e n t o r is s t a b i l i z e d 

wi th n i ob ium or t i tan ium, i ts cor ro-

s ion res is tance m a y ser ious ly im-

paired. 

If the annea l ing t r ea tmen t is in-
tended to rel ief res idual s t ress in 
the we ldmen t , it canno t be fu l ly 
e f fec t i ve because of d i f f e rence in 
the coe f f i c ien ts of t he rma l expan -
s ion of t h e w e l d m e t a l a n d t h e 
base meta l . These s tee ls are par-
t i cu la r l y sens i t i v i t y to h y d r o g e n 
embr i t t l emen t in the heat a f f ec ted 
zone (HAZ) of the parent meta l , 
whe re la t t ice i m p e r f e c t i o n s and 
p r e c i p i t a t e d c a r b i d e s c a n f o r m 
t rapp ing si tes for hydrogen. T h e 
use of aus ten i t i c s ta in less steel 
consumab le reduce the suscept i -
bi l i ty to h y d r o g e n c rack i ng , be-
cause hyd rogen has h igher so lu-
bil i ty and lower d i f fus iv i t y in aus-
teni te than ferr i te (16,22) . The re -
fore hyd rogen tends to r e m a i n in 
the we ldme ta l ra ther t han d i f f use 
into the H A Z and cause c rack ing . 

A p a r t f r o m t h e s e t w o . u s e o f 
n i c k e l a l l o y e l e c t r o d e s a n d 
s e m i f e r r i t i c e l e c t r o d e s a re a l so 
used . The n ickel e lec t rodes h a v e 
the s a m e fea tures l ike aus ten i t i c 
s t a i n l e s s s t ee l e l e c t r o d e s , but 
however , the i r coe f f i c ien t of ther -
mal expansion and con t rac t i on on 
wh ich dec ided the res idual s t ress 
and d is tor t ion is less but h o w e v e r 
cos t l y . S e m i f e r r i t i c e l e c t r o d e s 
s i m i l a r t h e r m a l e x p a n s i o n a n d 
con t rac t ion & bet ter duct i l i ty and 
t oughness c o m p a r e d to the fe r -
r i t ic s ta in less steels. 

A jud i c ious cho ice of the we ld i ng 
consumab le is necessary keep ing 
in m ind the job requ i remen ts and 
t h e e a s i n e s s o f p r o d u c i n g a 
i o u n d weld. Tab le 4 shows the 
e l ec t rodes fo r v a r i o u s s ta i n l ess 
steels. 

D E P T H 

WIDTH h -

I N C O R R F C T 

WIDTH 

D E P T H 

^ r 
CORRECT 

Fig 7 Effect of weld width to depth ratio on centreline cracking <171 

100 
P O S T - W E L D 
TpEATMENT 
7$0*C (2h), 
AIR COOLED 
IHAZ) 

PARENT 
P L A T E 

AS-WELDED 
(HAZ) 

T Y P E 430 

- 4 0 0 40 

TEMPERATURE , °C 

80 

Fig 8 : Effect of post-weld annealing on impact properties of 1 ?%Cr steel (Pickering 6) 

Selection of Welding 
processes 

Fer r i t i c s t a i n l ess s tee l s r e q u i r e 
mo re care in we ld ing than auste-
ni t ic s ta in less steels. Because of 
thei r p ronounced suscept ib i l i ty to 
g ra in growth, the lowest poss ib le 
heat input is par t icu lar ly impor tan t 
to m in im i ze the H A Z and thereby 
the possib i l i ty of gra in growth and 
reduc t ion in no tch sensi t iv i ty . T h e 
w e l d i n g p r o c e s s h a s a n e f f e c t 
upon the mechan i ca l proper t ies of 
s t e e l w e l d s b e c a u s e o f d e t e r -
m ines the w id th of the HAZ. T h e 
we ld i ng p rocess a l so i n f l uences 

the coo l ing rate and hence a f fec ts 
the t ime dur ing wh ich g ra in coars-
en ing can occur , and the amoun t 
of aus ten i te f o r m e d in the H A Z 
and we ldmeta l . 

For the a b o v e reasons, the se lec-
t ion of the we ld ing process shou ld 
be based on the hea t inpu t and 
t h i c k n e s s of t h e pa ren t m e t a l . 
Typ i ca l heat input of the var ious 
w e l d i n g p r o c e s s e s a re l i s ted in 
Tab le 5. 

S h i e l d e d m e t a l a r c w e l d i n g 
( S M A W ) is mo re popu lar ly used 
wh i l e the gas s h i e l d e d p rocess 
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l ike gas tungsten arc (GTAW) 
welding, gas metal arc welding 
(GMAW) process are used for 
welding of extra low interstitial 
grades of ferritic stainless steels. 
GMAW, f lux cored, submerged 
arc welding process are charac-
ter ized by the potent ia l h igh 
heatinput. If coarse grain size is 
concern, heat input must con-
t ro l led th rough h igher t rave ls 
lower interpass temperature and 
the use of heat sinks.(4,21) 

The short circuiting metal transfer 
of GMAW process is advanta-
geous because it produce rela-
tively low heat input, that tends to 
limit grain growth in the heat af-
fected zone. 

In the gas shielded process, it is 
preferable to employ pure argon 
for gas tungsten arc welding and 
argon with 1% oxygen for MIG 
welding. Flux shielded processes 
deposit we ldmeta ls which can 
contain oxide and slag particles 
that reduce toughness and also 
probably impair corrosion resis-
tance. While the toughness could 
be improved by selection of basic 
rather than acidic f luxes. The 
more recent plasma and electron 
beam, pulsed arc welding process 
are particularly suitable for the 
fully ferritic high chromium alloys 
because of high heat density, nar-
row HAZ (1) 

Where the geometry of the com-
ponent and design permit it is 
worth to cons ider so l idphase 
welding such as friction welding 
this has the advantage of small 
grain size (10 to 15 mm) because 
of the heavy working that inter-
face undergoes during friction as 
well as forging stages of the weld-
ing process in addition as the pro-
cess does not involve melting de-

fects associated with melting and 
solidif ication are absent in this 
process. 

Conventional techniques of joint 
preparation cleaning, fit up and 
welding are applicable to ferritic 
stainless steels also (23). 

Post weld Heat-Treatment 

If appropriate f i l ler metals and 
welding procedure are used, the 
properties of as welded joints are 
usually advantage for most pur-
poses, Nevertheless, for thick-
sections, heavy restraint joints 
and those l ikely to encounter 
severly corrosive environments in 
service, a post weld heat treat-
ments may be necessary. For im-
proving stress corrosion resis-
tance and for dimensional stabil-
ity, a stress receiving heat treat-
ment may be appropriate. It must 
be remembered, however, that 
the ferrit ic stainless steels are 
suscept ib le to embr i t t l ement 
475°C(prec ip i ta t ion of a lpha 
prima) and if heated in the tem-
perature range 580 - 815°C. It 
may also be embrittled by forma-
tion of sigma phase. A heat treat-
ment of 600°C or slightly less 
than 600°C fo l lowed by rapid 
coo l ing e l im ina ted 475°C 
embr i t t l ement . D isso lu t ion of 
s igma phase is possib ly by so lu-
tion annealing heat treatment at 
870°C. Post weld annealing can 
a l lev ia te the mar tens i te 
embrittlement by tempering figure 
8 (11), but can not refine the fer-
rite grain size. 

CONCLUSIONS 

Current understanding of welding 
behav iour of fer r i t ic s ta in less 
steels is rev iewed in detai l . 
Achievement of satisfactory weld 

joints is critically dependent on 
the development of reliable weld-
ing procedures. A knowledge of 
the various phenomena that oc-
cur during welding of these mate-
rials will be of immense help in 
producing a sound joint, which 
will perform satisfactorily in ser-
vice. Choices exist for selection 
of welding consumable, welding 
processes based on the service 
requirements. This art icle has 
aimed to elucidate intricacies in-
volved in the welding of ferritic 
stainless steels. Methods to over-
come the same. It is felt that 
much more to be done to under-
stand the problems and enable 
the usage of the material for a 
wide range of applications. 
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