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INTRODUCTION 

It is wel l known that fus ion we ld ing process cannot be 
used for we ld ing austeni t ic sta in less steel wi th copper 
and if by any chance , copper comes into contact wi th 
stainless steel dur ing we ld ing operat ion and st resses 
of suff ic ient magn i tude are present in the material, it 
results in the c rack ing of stainless steel. The reason 
for this c rack ing is at t r ibuted to the phenomenon of 
Liquid Metal Embr i t t lement (LME) wh ich refers to the 
degradat ion in mechan ica l propert ies of some 
metal /a l loys w h e n they are s t ressed in contact wi th 
certain l iquid metal env i ronments . In other words, 
crack ing can be induced in austeni t ic stainless steel 
(in s t ressed condi t ion) by br inging it in contact wi th a 
sui table l iquid meta l embrit t ler. One of the ways to 
achieve this ob ject ive is by the we ld deposi t ion of 
embrit t ler. There fore the p h e n o m e n o n of l iquid Metal 
Embr i t t lement appears to have the potent ial to be 
explo i ted for the deve lopment of a dissimi lar weld 
spl i t t ing techn ique for sect ioning stain less steel 
componen ts , a l though very l imited efforts have been 
made to tap the benef ic ia l effects of this phenomenon . 
The techn ique has the advantage of sect ioning 
stain less steel componen ts wi thout produc ing f ines or 
smoke, and the d is turbances to the far side of mater ial 
are min imized. Th is techn ique is sui table for 
appl icat ion in d ismant l ing i rradiated componen ts , 
where product ion of radioact ive f ines dur ing cutt ing 
are a source of major concern , and in cuff ing 
mater ia ls in areas w i th l imited access. P.A. Titzler and 
C.R.Al len repor ted successfu l spl i t t ing of hexagonal 
duct by us ing both G M A W and G T A W wi th copper 
fil ler w i re / I / . In France, this dissimi lar we ld splitt ing 
method has been successful ly tested on three 
PHENIX fuel sub assembl ies 121. This paper descr ibes 

The authors are from division for PIE & NDT Development, 
Indira Gandhi Centre for Atomic research, Kalpakkam - 603 
102 

I J 

the work done in authors ' laboratory for the 
deve lopment of We ld spl i t t ing techn ique for sect ioning 
austenit ic stainless steel. It is for the first t ime that the 
effects of var ious parameters have been studied in a 
comprehens ive manner lo opt imize the eff ic iency of 
the cutt ing process and to unders tand the L M E as 
appl ied to cutt ing technology by dissimi lar we ld 
method. 

Characteristics of Liquid Metal Embrittlement 

In l iquid Metal Embr i t t lement, a metal wh ich normal ly 
fai ls by duct i le fracture, drast ical ly alters its mode of 
fai lure to a very britt le f o rm of either t ransgranular or 
intergranular c leavage. Apart f rom the reduct ion in 
ducti l i ty, the tensi le test s t ress—stra in curve of the 
substrate remains largely unal tered, w i th the elastic 
modul i and proof s t rength remain ing largely 
unaf fected (Fig.1) 

Fig. 1 The effect of LME on the loaf Vs extension diagram 
(Schematic) 

The p h e n o m e n o n of of L M E exhibi ts duct i le to brittle 
and britt le to duct i le t ransi t ions (Fig. 2) i.e. 
embr i t t lement is ef fect ive only over a temperature 
band 12,1. T h e wid th and depth of ducti l i ty t rough, as 

INDIAN WELDING JOURNAL, JULY, 1992 
18 



shown in Fig. 2, depends on metal lurgical parameters 

and exposure condi t ions such as microstructure and 

strain rates 

mater ia l a round the t ransi t ion point thereby creat ing a 
moment around this point and pul l ing the mater ia l 
apart at the area w e a k e n e d by the mol ten embrit t ler. 

o 
r> 
o 

T E 

T E M P E R A T U R E 

SPLIT 
SECTION 

Fig. 2 : The effect of LME on the variation of Ductility with 
temperature (Schematic) 

For many sys tems embr i t t lement occurs wel l be low 
the mel t ing point of the embri t t ler in wh i ch case it is 
te rmed as Sol id Meta l Embr i t t lement (SME). Severi ty 
of embr i t t lement is signif icant ly ef fected by changes in 
the chemica l compos i t ion of the sol id as wel l as of the 
env i ronment . The crack g rowth rates p roduced by 
l iquid meta l env i ronment tend to be extremely fast. 
However some embr i t t lement couples show de layed 
fai lure. T h e interact ion be tween embri t t ler and 
substrate is specif ic i.e. only s o m e metals are 
embri t t led by only some env i ronments . 

PrerequisitesForEmbrittlement 

The prerequis i te condi t ions for embr i t t lement to occur 
a r e : 

(a) embrittler must be in direct contact with the substrate. 

(b) Stressed state should be one in which either primary or 
secondary tensile stresses are present and 

(c) temperature should be near the melting point of the embrittler. 

Dissimilar Weld Splitting Model 

A simpl i f ied v iew of the w e l d spl i t t ing mode l is 
p resented Fig. 3. The area beh ind the t ransi t ion point 
expands due to the rma l heat ing whi le the area ahead 
of it remains relat ively cool . This temperature 
d i f ference g ives rise to di f ferent ia l rate of expans ion of 

TRANSITION POINT 
(BETWEEN HOT AND 

COLD AREAS) 

WELD PUDDLE 

MOMENTS GENERATED BY 
THERMAL EXPANSION 

Fig. 3 : Weld Splitting Model 

EXPERIMENTAL 
Search For A Suitable Embrittler 

Initial test ing of l iquid meta l faci l i tated splitt ing 
techn ique w a s star ted us ing copper as the embri t t ler. 
This involved depos i t ion of copper 3 .24 and 1.6 m m 
thick AISI 304 stain less steel p lates (300 X 75 mm) by 
Gas Tungs ten Arc Weld ing (GTAW) process. This 
resul ted in the deve lopment of smal l t ransverse cracks 
(across the length of we ld bead) but no longitudinal 
crack (along the length of the we ld bead) was 
not iced. Even the p resence of tensi le s t resses in the 
mater ia l (produced as a result of bend ing the plates at 
90 degree) did not result in any marked improvement . 
Meta l lographic examina t ion revea led the presence of 
some underbead microcracks wh ich cou ld not 
deve lop into a macroscop ic crack. 

Consequen t to the fai lure of copper to faci l i tate easy 
spl i t t ing of stainless steel p lates, brass w a s used as 
the embri t t ler wh ich great ly enhanced the severi ty of 
the embr i t t lement. Long longi tudinal c racks were 
deve loped in 1.6 m m thick sta in less steel p lates (fig. 
4). Chemica l compos i t ion of the brass fi l ler used in the 
exper iment w a s 60 Cu/40 Zn. The detai ls of the 
exper iments are summar i zed in Tab le 1. 
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TABLE 1- SEARCH FOR A SUITABLE EMBRITTLER 
Welding process used : GTAW 

Plate Material Size Condition Welding Result 
No. (mm) Current 

WITH COPPER AS EMBRITTLER 

X1 AISI 304 300 X 75X1.6 As-received 45A A few trans-
verse Cracks 
noticed 

Y1(1) AISI304 300X75X3.25 As-received 45A -DO-

Y1(2) 60A 

X2 AISI304 3 0 0 X 7 5 X 1 . 6 Bent90° 45A No cracking 

Y2 AISI 304 300X75X3 25 Bent at 90° 45A -do-

WITH BRASS AS EMBRITTLER 

101A AISI 304 3 0 0 X 7 5 X 1 . 6 As-received 45A Long 
longitudinal 

101B 35A cracks 
developed 

NATURE OF CRACKING 

Metal lographic examina t ion of the spec imens revealed 
severe intergranular attack, as shown in Fig. 5 

a*, —-"^.v;JjjE^-M • .' ' , / - . . — 

Various zones shown in this pho tom ic rog raph are : 
Zone A-brass deposi t , Zone B - dendri t ic region of the 
substrate wh ich underwent fus ion dur ing we ld ing and 
zone C-parent meta l showing intergranular ly. S E M 
fractographic examinat ion of the f racture sur face also 
showed intergranular nature of c rack ing (Fig. 6). 
Detai led study of the f racture sur face w a s hampered 
by the p resence of sol idi f ied brass layer on the 
fracture surface as can be seen in Fig. 6. 

r 

F.g 5 Nature of Liquid Metal Induced cracking in stainless steel. 

Fig. 6 : SEM Fractograph showing Intergranular nature of cracking 
solidified layer of brass is also viseable on the surface) 

It is general ly not iced that crack length on the top side 
of the plate (on wh ich embri t t ler despos i t ion is made) 
appears to be shorter than that on the bo t tom side of 
the plate. Meta l lographic examinat ion of the spec imen 
near the crack tip region shows that the crack ing 
starts at the interface of the embri t t ler and substrate 
and propagates th rough the th ickness of the plate, as 
shown in Fig. 7. Crack ing of the embri t t ler deposi t on 
the top sur face of the plate (refer Fig. 5) w a s mainly 
due to tensi le s t resses that the brass deposi t w a s 
sub jected to as a result of c rack ing of the substrate. If 
s t resses so deve loped are not suff icient to cause 
crack ing in the embri t t ler deposi t , crack wou ld not be 
visible on the top surface. Moreover if we ld arc is 
ext inguished at some point dur ing the course of we ld 
deposi t ion of embri t t ler, reinit iat ion of a l ready 
deve loped L M E induced crack wou ld require 
addi t ional heat input to fuse the a l ready laid brass 
deposi t . 

Effects of Various Parameters on the Susceptibility 
to Cracking 

Thickness of Plate 
It has seen that th in plates (1.6 m m thick) were 
consistent ly sec t ioned whi le th icker p lates (3.24 m m 
thick) were relatively more diff icult to split (refer Table 
2). In the latter case, the mater ia l area w a s too large 
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a n d m o m e n t d e v e l o p e d as a result of d i f fe rent ia l rate 

of e x p a n s i o n of mater ia l a r o u n d the arc z o n e m a y not 

be suf f ic ient to o v e r c o m e the res is t ing fo rces of the 

mater ia l mass , t hus necess i ta t i ng e i ther the 

app l i ca t ion of ex te rna l t ens i l e / shear load or the 

d e v e l o p m e n t of larger heat a f fec ted z o n e by 

inc reas ing the heat input) to ass is t in sepa ra t i ng the 

mater ia l apar t 

Fig. 7 : Liquid metal induced cracking of austenitic stainless steel 
starting from the interface of embrittler and substrate. 

TABLE 2 - EFFECT OF THICKNESS 
Welding process used GTAW Embrittler : Brass 

Plate Material Size ConditicWelding Result 
No. (mm) Current 

101A AISI304 300X75X1.6 As-received 45A Long Long-
itu-dinal 

101B 35A Cracks dev-
eloped 

01 AISI304 300X75X3 25 As-received 30A No cracking 

02 AISI304 300X75X3.25 As-received 40A No cracking 

A02A AISI316 300X75X3 25 As-received 25A No cracking 

A20B 40A No cracking 

A01A AISI316 300X75X3 25 As-received 45A No cracking 
A01B 35A No cracking 

EFFECT OF WELD HEAT TREATMENTS 

It is no t i ced that c r a c k s d e v e l o p e d in t he s ta in less 
s teel p la tes s t o p p e d a f te r p r o p a g a t i n g s o m e d is tance 
a long the leng th of the w e l d b e a d in fac t , t hese c racks 
s top b e c a u s e of l im i ted / in te r rup ted supp ly of 
embr i t t le r to the c rack t ip. T h e a r res ted c rack c a n be 
m a d e to p r o p a g a t e fu r ther by res to r ing the supp ly of 
embr i t t le r to t he c rack t ip. M e t h o d s of post a n d p re 
w e l d hea t t r a t m e n t s w e r e t e s t e d to e n h a n c e the 
e f f ic iency of sp l i t t ing ope ra t i on . Deta i ls of t h e s e 
e x p e r i m e n t s are p r e s e n t e d in T a b l e 3. 

M e t h o d of post w e l d heat t rea tmen t i nvo lved hea t ing 
of w e l d a rea by a n oxy -ace t y l ene t o r ch (b raz ing to rch 
No.2) w h i c h resu l ted in the o p e n i n g u p of t he a l ready 

d e v e l o p e d c rack a n d m a k i n g it to p r o p a g a t e fu r ther 
a l o n g the leng th of t he w e l d b e a d . 

H e a t i n g of t he s ta in less s tee l p la te (by ca rbur i s ing 
oxy - ace ty lene torch) be fo re w e l d depos i t i on of 
embr i t t le r great ly e n h a n c e d the sp l i t t ing e f f i c iency 
' ( r e fe r Fig.8). Pre w e l d heat t r ea tmen t s ign i f icant ly 
r educes the coo l i ng rate t h e r e b y he lps in k e e p i n g the 
embr i t t le r in mo l t en cond i t i on for a longer t ime . 

TABLE 3 - EFFECT OF WELD HEAT TREATMENTS 
Welding process used : GTAW 

Embrittler: Brass 

Plate Material 
No. 

023 AISI 304 

024 AISI 304 

Size 
(mm) 

150X45X3.25 
150X45X3.25 

101A AISI 304 300X75X1.6 

101B 

Condition 

As-received 

Plate pre-
heated with 
carbursing 
torch 

As-received 

Welding Result 
Current 

30A No cracking 

30A 

45A 

35A 

of plate length 

Long 
longitudinal 
cracks deve-
loped. Post-
weld heating 
by oxy-acety-
lene torch 
(brazing torch 
No 2) helps 
these cracks 
to propagate 
further 

CRACK LENGTH 

Fig 8 : Effect of embrittler on stainless steel plates in as- received 
and propagated conditions. 
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Effect of Bending 

To study the effect of tensi le stress (deve loped as a 
result of bending) on the relative ease of splitt ing, 
embri t t ler w a s depos i ted on the convex sur face of the 
bent sta in less steel p lates (as shown in Fig. 9) wh ich 
faci l i tated easy spli t t ing of sta in less steel plates. An 
improvement in the ease of spl i t t ing w a s also not iced 
wi th the increase in degree of bend ing (refer Table 4). 
3 .24 m m thick sta in less steel plate bent at 30 degree 
( inc luded angle) w a s comple te ly part i t ioned whi le 
plates bent at 60 and 90 degree had undergone only 
part ial spl i t ing (Fig. 10). 

TABLE 4 - Effect Of Bending Welding Process 
Used : GTAW Embrittler : Brass 

Plate Material Size Condition Welding Result 
No. (mm) Current 

A02A AISI316 300X75X3.25 As-received 25A No cracking 

A02B 40A No cracking 

A01A AISI 316 300X75X3 25 As received 45A No cracking 

A01B 35A No cracking 

A03 AISI 316 300X75X3.25 Bent at 90 
degree 35A Carck length 

=35% of plate 
width 

A04 AISI316 300X75X3.25 Bent at 60 
degree 35A 

About 90% 
splitting 

A05 AISI316 300X75X3.25 Bent at 30 
degree 35A Almost 

complete 
splitting 

03 AISI 304 300X75X3.25 Bent at 90 
degree 40A 

Crack length 
= 60% of p 
late width 

102 AISI304 300X75X1.6 Bent at 90 
degree 25A 

Crack Length 
= 40% of plate 
width 

103 AISI 304 300X75X1.6 Bent at 90 
degree 40A Almost 

complete 
splitting 

104 AISI304 300X75X1.6 Bent at 60 
degree 20A 

complete 
splitting 

Fig. 9 . Schematic figure showing weld deposition of embrittler on 
the convex surface of a bent plate 

90° BENT PLATE 

60° BENT PLATE 

Fig 10 : Effect of Bending of plates on the susceptibility to liquid 
metal induced cracking. 

Effect of Cold Rolling 

Suscept ibi l i ty of co ld rol led stainless steel p lates to 
undergo l iquid metal induced crack ing was tested by 
the we ld depos i t ion of embri t t ler on the co ld rol led 
plates. Sta in less steel p lates (AISI 316) of the original 
th ickness of 3.24 m m were sub jec ted to dif ferent 
degrees of co ld work viz. 20%, 30%, 4 0 % and 5 0 % by 
co ld roll ing and the w e l d depos i t ion of embri t t ler w a s 
made a long and across the direct ion of roll ing. Resul ts 
of these tests, as p resented in Tab le 5, clearly indicate 
an enhanced suscept ibi l i ty of co ld rol led plates to 
undergo l iquid metal induced cracking. 5 0 % cold 
rol led plate w a s a lmost complete ly par t i t ioned after 
we ld depos i t ion a long the roll ing d i rect ion (Fig. 11) 
whi le p lates wi th lesser degrees of co ld work showed 
only part ial splitt ing. It is to be not iced that as received 
plate of 3 .24mm th ickness d id not show any 
macroscop ic crack ing wi th the same or even higher 
heat input. 
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E D G E O F C O M P L E T E S E P E R A T I O N 
TABLES 

Fig. 11 & 12 : Effect of weld deposition of brass on 50% cold 
rolled stainless steel plates along and across the rolling direction 

respectively. 

Plate Material Size Condition Welding Result 
No. (mm) Current 

ON AS-RECEIVED PLATES 

A02A AISI316 300X75X3.25 As-received 25A No cracking 
A02B 40A No cracking 
A01A AISI 316 300X75X3.25 As-received 45A No cracking 
A01B 35A No cracking 

ON COLD ROLLED PLATES 

Case 1 : Brass deposition along the rolling direction 
(original plate thickness = 3.25 mm) 

A06 AISI316 300X75X2.65 About 20% 40A Crack Lgh. 
cold rolled 25% 

of plate lgh. 
A07 AISI316 300X75X2.33 About30% 40A Crack lgh 

cold rolled =35% 
of plate lgh 

A 08 AISI 316 300X75X1.98 About 40% 25A Crack lgh. 
cold rolled =30% 

of plate lgh. 

A 09 AISI316 300x75x1.65 About 50% 40A Almost com-
cold rolled plete splitting 

Case 2 : Brass deposition across the rolling direction 

(original plate thickness = 3.25 mm) 

A016 AISI316 300x75x2.69 About 20% 40A Small hairline 
cold rolled cracking 

A017 AISI316 300x75x2.36 About 30% 40A Small hairline 
cold rolled cracking 

A018 AISI316 300x75x1.93 About 40% 40A Small hairline 
cold rolled cracking 

A019 AISI316 300x75x1.4 About 50% 40A crack length 
cold rolled = 118 mm 

Directions of rolling 

Cold rol led sta in less steel plates exhib i ted much less 
suscept ibi l i ty to c rack ing w h e n the embri t t ler 
depos i t ion w a s made across the direct ion of roll ing 
than that observed in the earl ier case w h e n the 
embri t t ler depos i t ion w a s made a long the direct ion of 
roll ing (refer Tab le 5). In this case, only 5 0 % cold 
rol led plate showed part ial c rack ing (Fig. 12) whi le 
plates wi th lesser degree of co ld work deve loped only 
hair line cracks. However , the susceptibi l i ty to 
crack ing w a s still better t han that found in the case of 
stainless plate in the as- rece ived condi t ion. 

Effect of presence of weld in the base metal 

Presence of we ld in the mater ia l br ings about 
signif icant microst ructura l changes not only in the 
we ldment but also in the heat a f fected zone(HAZ) . The 
weld ing process also induces large amount of residual 
s t resses in and a round the weld . The eff ic iency of 
l iquid meta l faci l i tated cut t ing process is likely to be 
af fected by these we ld ing induced changes in the 
material . 

In the heat affected zone 

The effect of microstructura l changes in the HAZ of a 
we ld on the relat ive ease of spl i t t ing w a s de te rmined 
by the depos i t ion of embri t t ler in the HAZ of a we ld in 
a 3.24 m m thick sta in less steel plate. H A Z faci l i tated 
easy splitt ing of the plate (Fig. 13) whi le 3 .24 m m thick 
plate in the as- rece ived condi t ion d id not show any 
crack ing (refer Tab le 6). Relat ive ease of spl i t t ing in 
the HAZ can be attr ibuted to gra in coarsen ing. 

TABLE 6 : : EFFECT OF PRESENCE OF WELD IN THE 
MATERIAL 

Plate Material Size Condition Welding Result 
No. (mm) Current 

021 AISI304 150X45X3.25 Brass 
deposition 30A No cracking 
on weldment 

110 AISI304 200X50X1.6 - do 30A No cracking 
022 AISI304 150X45X3.25 Brass 30A Crack 

deposition length=75% 
in the HAZ of plate 

length 
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C R A C K L E N G T H 
microstructure, where wel l de f ined gra in boundar ies 
are absent indicat ing the st rong inf luence of grain 
boundar ies on the embr i t t lement process. 

Fig 13 & 14 : Effect of weld deposition of brass on HAZ and weld. 

On the weldment 

Weld region is usual ly assoc ia ted wi th residual 
st resses (tensi le at the center of the we ld and 
compress ive in the HAZ) therefore expected to 
facil i tate spl i t t ing /4/. However embri t t ler deposi t ion on 
the we ldmen t d id not result in any macroscop ic 
crack ing (Fig. 14). Even 1.6 m m thick stainless steel 
plate, wh i ch were consistent ly sect ioned in the 
as- rece ived condi t ion, d id not show any crack ing 
w h e n embri t t ler depos i t ion w a s made on the 
we ldment of the plate (refer Tab le 6). This observat ion 
w a s surpr is ing because it w a s expec ted that residual 
tensi le s t resses present in the we ld bead shou ld assist 
the L M E process. Meta l lographic examinat ion of the 
cross-sect ion of this spec imen revealed the presence 
of three zones viz, brass deposi t , in termediate zone 
(port ion of the or ig inal we ldment wh ich underwent 
fus ion dur ing w e l d depos i t ion of embri t t ler and 
therefore conta ins sporadic brass islands in the 
stainless steel dendr i t ic matrix) and the or iginal we ld 
region. S o m e f ine c racks w e r e observed in the 
in termediate zone and or ig inal dendr i t ic zone (fig.15) 
whi le grains adjacent to the we ld showed extensive 
intergranular penet ra t ion of brass (Fig. 16). These 
observat ions clearly indicate the super ior resistance of 
stainless steel we ldmen t to l iquid metal induced 
crack ing due to its ent irely di f ferent microstructure. 
Even the residual tensi le s t resses are not able to 
induce embr i t t lement in this type of dendri t ic 

Fig. 15 : Fine discontinuous cracking in the Weldment 
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Fig 16 : Intergranular cracking adjacent to weldment 
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Effect of sensitization 

Fig 18 Desensitisation effect produced in sensitized stainless steel plate as a result of welding 

BRASS 

Since mol ten brass attack austeni t ic stainless steel in 
intergranular way , intergranular precipi tat ion of 
ch rom ium carb ides as a result of p ro longed exposure 
of austeni t ic sta in less steel to the temperature regime 
of 773 K - 1073 K ( termed as sensit izat ion') is likely to 
inf luence the nature of embr i t t lement . To study the 
effect of sensi t izat ion on the susceptibi l i ty of mater ial 
to undergo l iquid metal embr i t t lement , we ld deposi t ion 
of embri t t ler w a s made on a p iece of austent ic 
stainless steel, sensi t ized by heat t reat ing it al 973 K 
for 5 hours. Detai ls of the exper iments are 
summar i zed in Table 7. 3 .24 m m thick sensi t ized 
stainless steel plate w a s found to be very much easier 
to split (Fig. 17) whi le a simi lar plate in the annea led 
condi t ion did not exhibit any cracking. Metal lographic 
examinat ion of the spec imen f rom this plate revealed 
the deve lopment of the bands of desens i t ized 
microstructure on both sides of the we ld zone whi le 
regions for away f rom the we ld wh ich were not 
exposed to high tempera tures , retained their or iginal 
sensi t ized microstructure (Fig. 18). To conf i rm that this 
desensi t izat ion ' effect w a s due to d issolut ion of 
ch rom ium carb ides dur ing weld ing, one piece of 
sensi t ized stain less steel f rom the same plate w a s 
fused locally by pass ing a T IG torch over it (using 
same amperage) . Meta l lographic examinat ion of this 
spec imen also revea led about 3 m m w ide band of 
desens i t ized microst ructure on both side of the fus ion 
line. 

FUSED REGION OF 
STAINLESS STEEL PLATE 

TABLE 7— EFFECT OF SENSATION 
WELDING PROCESS USED : GTAW 

Plate Material Size Condition Welding Result 
No. (mm) Current 

023 AISI304 150X45X3.25 As-received 30A No cracking 

025 aisi 304 150X45X3.25 Sensitized 30A Crack length 
=80% 

(700°C/5HR AQ) of plate length 

CRACK LENGTH 

Fig. 17 : Effect of weld deposition of brass on sensitized 
(973K\5hours) Austenitic Stainless Steel plate. 

In the desens i t ized band of microstructure, some 
isolated ch rom ium carb ide presip i tates cou ld be 
not iced wh ich clear ly impl ies that the d issolut ion of 
ch rom ium carb ide precip i tates is a t ime and 
tempera ture dependent p h e n o m e n o n and comple te 
d issolut ion of carb ides cou ld not be ach ieved dur ing 
the course of we ld ing. From the end microstructure, it 
is not possib le to predict the extent of desensi t izat ion 
of sensi t ized stain less steel plate at the stage it came 
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in contact w i th the embrit t ler. Crack g rowth rate of 
l iquid meta l induced crack ing is quite fast and 
crack ing starts w h e n mol ten embri t t ler comes in 
contract w i th sta in less steel sur face. The 
microstructure of mater ia l at the t ime of crack init iation 
depends on the kinet ics of carb ide dissolut ion and the 
t ime that mater ia ls spends above the carb ide 
d issolut ion tempera tu re ( funct ion of heat ing and 
cool ing rates). 

Discussion 

The diss imi lar we ld spl i t t ing technique using brass as 
the embri t t ler has been found to faci l i tate easy 
crack ing and spl i t t ing of austeni t ic stainless steels. 
This techn ique has been successfu l ly demonst ra ted 
on 1.6 m m thick sta in less steel plate. Higher th ickness 
plates can be sect ioned by employ ing proper pre and 
post we ld heat t reatment wi th the appl icat ion of 
external tens i le /shear load. Residual tensi le s t resses 
present in the mater ia l ei ther due to serv ice loading or 
in t roduced dur ing fabr icat ion p rocess will definitely 
assist in easy spl i t t ing of the material . Weld ing 
parameters we re op t im ized to ach ieve easy crack ing 
of s ta in less steel plates. Use of pre and post we ld heat 
t reatments we re found to be benef ic ia l to improve 
cutt ing ef f ic iency. Presence of co ld work ing ( induced 
by cold roll ing) in the stain less plates has been found 
to have enhanced the splitt ing eff ic iency. However , 
spil i t t ing ef f ic iency is crit ical ly dependen t on the 
direct ion of co ld rol l ing. The rol led plates exhibi ted 
better suscept ib i l i ty to crack ing w h e n embri t t ler 
depos i t ion w a s made a long the direct ion of rolling. 
Microstructura l changes in the mater ia l as a results of 
we ld ing p rocess affect the sussept ibi l i ty to crack ing 
w h e n embr i t t ler depos i t ion w a s made along the 
direct ion of roll ing. Dendri t ic microstructure of the 
we ldment exh ib i ted super ior resistance to l iquid metal 
induced crack ing . Sensi t izat ion of the stainless plate 
brought about s igni f icant improvement in the 
susceptobi l i ty of the stain less plate to undergo l iquid 
metal induced crack ing. 

Summary 

Weld spil i tt ing (dissimi lar we ld embr i t t lement) of 
austeni t ic stainless steel is possib le us ing brass as the 
embrit t lerr. However , tensi le s t resses (appl ied or 
residual) must be present to assist the spl i t t ing action. 
The magn i tude of loads required to p roduce the 
required stress depends upon the mater ia ls history, 
mater ia l geometry , sect ion th ickness and 
microstructure. This techn ique once proper ly 
deve loped can f ind usefu l appl icat ions for 
cut t ing/d ismant l ing of i r radicated austeni t ic stainless 
steel componen ts and for cutt ing in areas wi th l imited 
access. 
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You can think of 

• it is the official journal of the Indian Institute of Welding' 
• it's circulation is around 2500 copies but readership is much more, in India and abroad. 
• it reaches particularly the welding community engaged in scientific, technical and business activities 
• it is being published, quarterly in January, April, July & October, every year, 
• It's one of the main objectives is to promote the needs of the welding industry 
• it's advertisement tariff is reasonable. 
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