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INTRODUCTION 
In the ques t of ach iev ing se l f suff i -
c iency, va r ious n e w and a d v a n c e d 
p rocess t echno log ies are be ing e m -
p loyed by Indian C h e m i c a l P r o c e s s 
Industry. 

W i t h t he a d v a n c e m e n t of p r o c e s s 
t e c h n o l o g y , n e w e r e q u i p m e n t s to 
w i ths tand m u c h a r d u o u s serv ice envi -
r onmen ts l ike more co r ros ive env i ron-
m e n t s , h i g h e r t e m p e r a t u r e s a n d 
h igher p ressu res had to be e m p l o y e d . 
Th is necess ia ted the use of nob le r but 
cost l ier mater ia ls to be in contac t w i th 
the i n tended serv ice m e d i u m . Wi th 
increas ing e m p h a s i s on e c o n o m i c s 
and easy fabr icabi l i ty , it b e c a m e a 
natura l cho i ce to e m p l o y a low cos t 
ma te r i a l c a r b o n s tee l or low a l loy 
s t e e l , t o p r o v i d e t h e s t r u c t u r a l 
s t reng th for the p rocess equ ipmen t , 
wh i ch had b e e n ca ldded w i th the layer 
of the cost l ier mater ia l tha t w o u l d be 
in con tac t w i t h t he se rv i ce m e d i u m . In 
the fabr ica t ion of t hese mater ia ls for 
p ressure vesse ls va r ious n e w fac tors 
hi therto not cons ide red in the fabr ica-
t ion of so l id mate r ia l s need to be con-
s idered. 

A br ief descr ip t ion o f t h e var ious c lad 
mater ia l c o m b i n a t i o n used in Ind ian 
C h e m i c a l P rocess Indust ry and var i-
ous m e t h o d s of manu fac tu re of c lad 
p lates e m p l o y e d as a lso the var ious 
genera l aspec ts assoc ia ted w i th the 
we ld ing fabr ica t ion of c lad p la tes is 
d i scussed here . 

We ld ing p r o c e d u r e s of ind iv idua l c lad 
s y s t e m s a n d de ta i l ed meta l lu rg ica l 

d iscuss ions have not been covered in 
this br ief d iscuss ions. 

Clad Steel 
A clad meta l is a compos i te of two or 
more meta l l ic mater ia ls j o ined in an 
essent ia l ly con t inuous m a n n e r at the 
m a t i n g s u r f a c e by a m e t a l l u r g i c a l 
bond. Genera l l y , a th ick suppor t ing , 
low cost base meta l is bonded to a 
th inner layer of ano ther meta l that 
possesses spec ia l proper t ies l ike cor-
ros ion res is tance, thermal or electr i -
cal conduct iv i ty , abras ion, res is tance, 
decora t i ve qual i t ies, hygin ic proper-
t ies etc. The th ick low cost back ing 
plate usual ly supp l ies the requ i red 
s t ruc tura l s t rength as we l l as it a f fo rds 
a p p r e c i a b l e e c o n o m y o v e r s o l i d 
p lates o f t h e spec ia l metar ia l . 

Methods of Clad plate 
production 
In o rder to create a good bond be-
t w e e n two meta ls , cont inui ty shou ld 
be es tab l i shed at the a tomic level. If 
this bond is to have suf f ic ient engi-
neer ing proper t ies for pract ical appl i -
cat ion, it must be es tab l i shed o v e r t h e 
comp le te area of the inter face. T h e 
ma in di f f icul ty in produc ing a cons is -
tent bond be tween two meta ls is the 
need to p roduce int imate contac t over 
the ent i re sur face. Th is is p reven ted 
by the abso rbed gas and ox ide f i lms 
on any sur face. There are severa l 
w a y s in wh i ch a tomic contact can be 
made . 

The ma in p rocesses used to p roduce 
c ladd ing on a ca rbon or low al loy s teel 

back ing mater ia l are fus ion we ld ing , 
forge we ld ing , cas t ing , b raz ing , di f fu-
s ion bond ing fr ic t ion we ld ing , powe r 
c o m p a c t i o n etc. 

O f t h e s e p r o c e s s e s f o rge w e l d i n g 
p rocess has been mos t w ide l y used 
for the m a n u f a c t u r e of c lad plates. 
T h e fo l low ing t w o m e t h o d s fai l l ing un-
der the c lass i f i ca t ion of fo rge we ld ing 
are the ones most economica l l y ex-
p l o i t ed f o r t h e p r o d u c t i o n of c l ad 
plates. 

1. P ressure C ladd ing 

2. Exp los ion C ladd ing 

Pressure C l a d d i n g : B road ly speak -
ing p ressure c ladd ing refers to those 
p r o c e s s e s that ut i l ise p ressure , 
usual ly by rol l ing, to d e f o r m plast ical ly 
the in ter faces of the t w o c o m p o n e n t s 
o f t h e compos i t e , c rea t ing a meta l lur -
g ica l bond. Hea t is e m p l o y e d in order 
to d e c r e a s e the p ressu re requ i red to 
ef fect th is p las t ic de fo rma t i on . Th is 
p rocess is popu lar ly k n j w n as roll 
bond ing or roll c ladd ing . 

In roll bond ing p rocess , norma l l y two 
c ladd ing p la tes are s a n d w i c h e d be-
t w e e n two p la tes o f t h e back ing mate-
rial. The two c ladd ing are sepa ra ted 
f r o m one ano the r by a layer of a re-
f ractory par t ing c o m p o u n d wh i ch pre-
ven ts any bond ing b e t w e e n t h e m . In 
o r d e r to p r o m o t e the b o n d i n g be-
t w e e n the back ing p late and c ladd ing 
plate, the ox ide layer on the back ing 
mater ia l su r face s h o u l d be r e m o v e d 
by sho t -peen ing . T h e s ta in less s tee l 
su r face s h o u l d be e lec t rop la ted wi th 
n icke l for p reven t ing the fo rmat ion of 
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tenac ious ch rom ium oxide layer. This 
sandwich assembly wou ld be secured 
together by tack weld ing all a round in 
a vacum env i ronment to avoid ab-
s o r b e d g a s e s and th i s a s s e m b l y 
wou ld be heated in a furnace. The 
heatf d sandwich pack wou ld then be 
hot rol led be tween two rollers in order 
to effect suff ic ient plastic deformat ion 
and pressure to bring about the re-
qu i red atomic contact be tween the 
sur faces to be bonded. The rolled as-
sembly may be sub jected to the heat 
t reatment speci f ied for the backing 
plate. Af ter the heat t reatment the as-
sembly wou ld be sheared all around 
to separate the two clad plates along 
the part ing compound . 

Explosion c ladding is a high energy 
fo rm ing p r o c e s s w h i c h is su i tab ly 
modi f ied to become an effect ive weld-
ing techn ique. In this technique, the 
energy of de tonat ing exp los ives is 
control led and di rected in such a way 
that simi lar and diss imi lar metals can 
be metal lurgical ly bonded wi thout the 
uses of any fil ler metals. 

The backing plate and the clad plate, 
in their f inal d imens ions wou ld be 
c leaned th rough ly before bond ing. 
The backing plate wou ld be kept on a 
f i rm ground and the clad plate kept on 
it, wi th a little gap cal led stand-off , so 
that a predetermined 'angle ' wou ld be 
suspended between the jo in ing sufar-
ces. A predetermined quan tum of ex-
plosive charge and detonator wou ld 
be laid over the clad mater ia l plate, 
The explosive charge wou ld be deto-
nated so that the control led detona-
t ion wou ld start f rom one end of the 
plate and advance towards the other 
end at an un i form rate. 

The high energy deve loped due to the 
explosion wou ld de fo rm the clad ma-
terial plate and propel l it at a great 
veloci ty t owa rds the back ing plate 
kept be low. T h e high veloci ty and 
pressure deve loped at the point of 
contact wou ld also generate a high 
temperature that wou ld melt a thin f i lm 
contain ing the sur face ox ides and for-
eign mater ials. This th in f i lm wou ld be 
jet ted out leaving fresh virgin sur faces 
of the mater ia ls to be forced into inti-

mate contact under the high pressure, 
result ing in a good metal lurgical bond. 
The metal l ic jet would be formed con-
t inuously ahead o f t h e impact region 
and a part of it t rapped between the 
coll iding pr ime-metal and the backing 
plate and subsequent ly would solidify 
in a regularly spaced pool result ing in 
the appearance of a wavy bond. 

This process would enable the pro-
duct ion of almost any dissimilar metal 
combinat ion used in engineer ing ap-
plications at a very fast rate, viz, within 
a fraction of a second. Due to very 
little melt ing associated with this proc-
ess, many widely different materials 
that could not be jo ined by any other 
fusion weld ing processes, could be 
explosion cladded. 

F u s i o n W e l d C l a d d i n g : F u s i o n 
welding processes employed for ef-
fect ing a cladding are usually auto-
mated. The first recorded me thod 
using several rod electrodes required 
atleast two passes to produce both 
satisfactory bond and acceptable sur-
face propert ies, because of dilution. 
The next development was to use 
strip electrodes which al lowed suffi-
cient control of electrode composi t ion 
and polarity to keep dilution within 
acceptable limits and to complete pro-
duct ion in one pass Subsequent de-
v e l o p m e n t of d u a l s t r i p w e l d i n g , 
where a second strip, possibly pro-
duced by power metal lurgy, is added 
to the weld as it progresses. However , 
this method is more sophist icated as 
it required careful control of weld ing 
p a r a m e t e r s . E lec t r i ca l r e s i s t a n c e 
weld ing is also another method em-
ployed for clad product ion but as this 
p rocess produces a d iscont inuous 
bond it cannot, in the real sense, be 
termed as a cladding operat ion. An-
other method employed for heavier 
pressure vessels, is that in which the 
clad material layer is welded on to the 
surface by electroslag welding which 
entails the solidif ication on the base 
plate of a molten pool of stainless 
s tee l p r o d u c e d by the res i s tance 
heating. In recent t imes, pulsed gas 
metal arc weld ing process is being 
deve loped to deposite clad layers with 
very low dilution rates. 

Friction Weld ing : The recent devel-
o p m e n t s in f r i c t i o n w e l d i n g has 
opened up another possibl i ty of clad-
ding on base mater ia ls at a rapid rate. 
The clad mater ia l in the form of rods 
are rotated on the sur face of back i rg 
mater ial so that the friction generate d 
heat wou ld we ld a smal l port ion at the 
tip of the rod on to the backing sub-
strate. The rotat ion is cont inued till 
suff ic ient mater ia l has t ransferred and 
the bond between the rod and deposi t 
is broken leaving the deposi t in its 
place. The process is repeated at the 
locat ion immediate ly adjacent to the 
previous deposi t so as to cover the 
ent i re area. Th is p rocess a lso in-
volves little sur face fusion and hence 
joints between var ious combinat ion of 
mater ials of w ide metal lurgical differ-
ence could be produced. 

Casting : The product ion of bimetal l ic 
ingots by cast ing is less w idespread 
but deserves cons iderable attention 
due to its decreased cost of operat ion. 
In this process, a special ly prepared 
stainless plate is suspended asym-
metrical ly in an ingot mould which is 
then f i l led by bo t tom pour ing. The 
plate preparat ion requires complete 
removal of the oxide f i lm since the 
surface energy of meta l ox ides is such 
as to make impossib le the wet t ing of 
this sur face by the mol ten metal. The 
teeming techn ique also requires care-
ful control to ensure a good and uni-
fo rm bond. In pract ical te rms there 
exist a number of factors contr ibut ing 
to poorer qual i ty, for examp le large 
amount of scal ing, a poor and discon-
t inuous bond and a large amount of 
scrap, all of wh ich must be set against 
the dec reased cost of product ion, in 
compar i s ion to the sandw ich pack 
roll ing. 

Availability of Clad Plates 
Clad plates are avai lable f rom inter-
nat ional sources in large s izes rang-
ing f rom 15 ft to 40 ft in length and 48" 
to 178" in width, wi th circles of 84" to 
174" in d iameter . C ladd ings of Nickel, 
Monel , Cupronick le , Ferrit ic Stainless 
Steels, Austeni t ic sta in less steel, in-
conels, Duplex sta in less steels, Tita-
nium, A lumin ium etc. 
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Effect of shearing & poor alignment 

B U R R 

DRAG 

I ( l i ' C t 1)1 S I l C . M I ' i l H J 

Alone 
Shea red and 

Beve l l ed 
S l ion red Beve l l ed £ 

Mach ined Squa re 

D 
C o r r e c t A l i g n m e n t of C lad Plates I n c o r r e c t A l i g n m e n t 

Clad plates of sta in less steels (espe-
cially austenit ic), nickel and 5% Ni 
al loys are avai lable f rom indigenous 
sources to a l imited extent in the size 
ranges upto 2 M in length and 1.25M 
in width. The ind igenous manufactur-
ers are planning to make clad plates 
avai lable in larger s izes also. 

Typical th ickness o f t he c ladding layer 
could be 10%, 15% and 20% o f t h e 
total plate th ickness, except in a few 
except ional cases where the cladding 
may be upto 50% of the th ickness. 
T h e prac t i ca l m i n i m u m and maxi-
mum, th ickness o f t h e clad layer are 
bel ieved to be 0.030" and 0.25" re-
spect ively. 

Fabrication of Clad Plates 
The clad plate can be t reated as if it is 
an integral unit for the purposes of 
m e c h a n i c a l o p e r a t i o n s . T h e c lad 
p la tes can be cut by m e c h a n i c a l 
shear ing or by a thermal cutt ing proc-
esses. 

Mechanica l shear ing of clad plates 
should be done with the clad side up 
in order to th row the burrs in to the 
backing steel s ide and avoid separa-
t ion of the cladding. Even wi th this 
method, s o m e drag of the cladding 
material into the base plate is inevita-
ble and this should be a l lowed for in 
e d g e p r e p a r a t i o n , e s p e c i a l l y o f 
thicker plates. A correct scheme of 
joint preparat ion by shear ing and ma-
chining is g iven in fig. 1. 

Thermal cutt ing of clad steels f rom the 
steel s ide can be done by using oxy-

acyte lene f lame cutting method by 
employ ing a cutting nozzle of one size 
la rger than the usual for an equivalent 
steel th ickness. The cutting should be 
done with the clad side at the bot tom 
so as to take advantage of the steel 
melt that wil l aid the cutting of stain-
less s tee land o therh ighera l loys . Pre-
hea t ing at the star t of the cut is 
adv i sab le for s ta in less s tee l c lad 
plates. Whi le cutting monel and in-
conel clad plates, preheat ing through-
out the cut is necessary in advance of 
the cutt ing f lame. Plasma arc cutt ing 
can be an effective method of cutt ing 
clad plates to close tolerances. Bev-
ell ing o f t h e steel side can be done in 
the usual manner. The final prepara-
tion o f t h e edge, however, should be 
a lways done by machining. 

It can be general ly assumed that inte-
gral ly clad plates produced by the 
mills behave like a solid plate when 
sub jec ted to fabr icat ion operat ions 
such as bending, rolling, pressing and 
spining. A l though clad materials are 
less expensive than solid corrosion 
resistant alloy materials, they are by 
no means cheap enough to be treated 
like mild steel. In general, the guiding 
principle should be to handle them as 
if they were composed entirely of 
the material that form the cladding. 
During the fabrication operat ions the 
cladding should be protected against 
mechanica l damage and impregna-
tion by foreign particles such as steel 
chips and sand either of which wou ld 
seriously effect the corrosion resis-
tance. During hot forming, the tem-

perature and furnace a tmospheres 
must be careful ly selected to suit the 
nature o f t h e c ladding mater ial . 

Choice of Welding 
Processes 
It is a normal pract ice to treat the steel 
base plate and the c ladding sepa-
rate ly for w e l d i n g even though in 
some of the cases the entire joint 
could be we lded by a we ldmeta l of 
clad metal composi t ion. 

For weld ing the steel backing materi-
als the fol lowing processes could be 
used :-

(i) S h i e l d e d Me ta l A r c W e l d i n g 
(SMAW) 

(ii) Submerged Arc Weld ing (SAW) 

(iii) Flux Cored A rc Weld ing Process 
(FCAW) 

(iv) G a s M e t a l A r c W e l d i n g w i t h 
pulsed current ( P G M A W ) 

For weld ing the c ladding side, the fol-
lowing p rocesses are usual ly em-
ployed :-

(i) S h i e l d e d M e t a l A r c W e l d i n g 
(SMAW) 

(ii) G a s T u n g s t e n A r c W e l d i n g 
(GTAW) 

(iii) Pulsed Gas metal A rc Weld ing 
( P G M A W ) 

(iv) Submerged A rc Weld ing (SAW) 
for str ip clad plate S M A W is uni-
ve rsa l l y a p p l i e d fo r all th ick-
nesses. G T A W is not appl ied for 
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barr ier layer we ld ing b e a c u s e of 
h i g h d i l u t i o n a n d c o n s e q u e n t 
cracking. H o w e v e r , this process 
is sui table for filling passes . 

Selection of Welding 
Material 
W e l d i n g e l e c t r o d e a n d e l e c t r o d e 
wi res c h o s e n for the w e l d i n g of the 
backing mater ia l shal l be c a p a b l e of 
deposi t ing a w e l d meta l match ing the 
m e c h a n i c a l proper t ies a n d c h e m i c a l 
composi t ion o f t h e parent meta l . T h e 
select ion criteria shal l be that appl ica-
ble to the non clad meta ls . 

T h e choice of we ld ing c o n s u m a b l e s 
on the clad s ide shal l d e p e n d on such 
considerat ions like dilution, chemica l 
composi t ion o f t h e c ladding a n d cor-
rosion re is tance. T a b l e 1 g ives s o m e 
e x a m p l e s of cho ices of we ld ing con-
s u m a b l e s for we ld ing the c lad s ides. 

W h e n the barrier of the first pass Is 
w e l d e d on the back ing meta l deposi t 
f rom the c lad side, a r icher a l loyed 
w e l d meta l has to be se lec ted to al low 
for dilution o f t h e we ld meta ls by the 
backing meta ls , in order to prevent the 
occurance of hard a n d brittle w e l d 
meta l highly suscept ib le to cracking. 

Salient Features associated 
with the welding of clad 
steels. 

In the fabr icat ion of a n y c lad steel the 
vital r e q u i r e m e n t is the m a i n t e n a n c e 
of continuity of the c ladding. Th is re-
qu i rement controls the des ign and lo-
cation o f t h e joint, its preparat ion and 
we ld ing techn ique . This requ i rement 
of continuity must be assoc ia ted with 
the strength r e q u i r e m e n t s d e m a n d e d 
by the c o d e speci f icat ions of pressure 
vesse ls a n d the like. W h e n e v e r pos-
sible, the a i m should be to e m p l o y a 
butt we ld as this faci l i tates e a s y w e l d -
ing a n d provides o p t i m u m strength. 
O t h e r forms of joints should be used 
only as a s e c o n d choice. 

In the c lad steels , two dif ferent t y p e s 
of mater ia ls a re involved a n d it could 
be n e c e s s a r y to m a k e two w e l d s e a c h 
requiring dif ferent filler mater ia l . 

T h e weld ing o f t h e steel side, in gen-
eral, fol lows the convent ional lines 
a n d h e n c e n e e d to be d iscussed only 
in so far as it affects the problem of 
interfusion with the cladding meta l it-
self or with the weld on the clad side. 

Simi lar problem of interfusion also 
exist whi le welding the clad side but 
there are addit ional factors to be con-
sidered such as porosity, undercut-
ting, heat a f fected s e n s e and sur face 
finish. 

In order to avoid interfusion in s o m e 
c i rcumstances, the entire we ld m a y 
have to be m a d e with the e lectrode or 
filler rod used for the clad side giving 
the joint which combines the required 
corrosion resistance with a d e q u a t e 
s t reng th u n d e r serv ice condi t ions. 
E v e n in this method, the nature o f t h e 
fusion z o n e b e t w e e n the weld meta l 
and steel b a s e metal must still be 
considered in relation to the dilution of 
we ld deposit and any effect upon the 
corrosion resistance o f t h e ductility of 
the joint. 

In the more popularly known proce-
dure of making two separa te we lds , 
there are two al ternat ives :-

a) T h e steel side can be w e l d e d first 
and the joint can be comple ted by 
weld ing the clad side later. 

b) T h e clad side can be w e l d e d first 
and the steel side joint comple ted 
later. 

W h e n e v e r the steel we ld meta l is laid 
on a mater ia l o f t h e clad composit ion 
under considerat ion, the weld meta l 
will be contaminated by the c ladding 
mater ia l and the resultant deposit is 
likely to be martensit ic and therefore 
hard a n d brittle, Care fu l control of 
penet ra t ion a n d we ld ing techn ique 
m a y minimize this contaminat ion to 
s o m e extent, but the d a n g e r a lways 
persists. Associa ted with this is the 
risk of cracking or, at least a ductility 
too poor to deve lop satisfactory m e -
chanical properet ies in the joint. Th is 
can be avoided by deposit ing we ld 
mater ia l akin to the cladding on to the 
steel . 

W h e n s e p a r a t e w e l d s a re m a d e from 
the backing meta l s ide with the clad 
meta l being w e l d e d first, it b e c o m e s 
n e c e s s a r y to in terpose a transit ion or 
buffer layer b e t w e e n the s tee l s ide 
a n d the clad s ide w e l d , in order to 
prevent the format ion of a brittle layer 
at the interfusion z o n e . O n e popular 
m e t h o d is to u s e high purity iron 
( A R M C O iron or equ iva lent ) depos-
ited on the a l ready present alloy steel 
we ld , in one or two layers before con-
tinuing the we ld ing on the s tee l side 
using the e lec t rodes r e c o m m e n d e d 
f o r t h e steel side. In genera l , the ma-
terial for the buffer layer shal l be cho-
s e n b a s e d u p o n t h e meta l lu rg ica l 
considerat ions. 

W h e n the w e l d is m a d e by deposi t ing 
alloy w e l d meta l on the steel , hard 
deposi ts can be a v o i d e d e v e n though 
dilution o f t h e corrosion resistant de-
posits is inevi table in the first layer of 
the we ld . S ign i f icance of this factor 
d e p e n d s on the c ladding thickness, 
the n u m b e r of s u b s e q u e n t runs, the 
we ld ing techn ique and the intended 
serv ice condit ions of the fabr icated 
equ ipment . Wi th c ladding of austeni-
tic s ta in less steels a n d inconel, the 
dilution m a y be offset by the use of 
f i l l e r m e t a l s w i t h a l l o y c o n t e n t s 
grea te r than that w o u l d be n e c e s s a r y 
if there w e r e no Iron pick up. With 
Nickel and M o n e l ca ldding, it is not 
possible to c o m p e n s a t e for dilution by 
e lect rode or filler meta l . For these m a -
ter ia ls u s e of spec ia l ly d e v e l o p e d 
e lec t rodes hav ing very low carbon 
a n d iron content must be e m p l o y e d 
a l o n g w i t h a n a p p r o p r i a t e w e l d i n g 
techn ique that w o u l d min imise dilu-
tion. 

Th inner the c ladding, g rea te r would 
be the risk of dilution of a n y w e l d meta l 
m a d e f rom clad side. T h e r e f o r e the 
fabr icator must bear in mind, con-
s tant ly , t h e m i n i m u m t h i c k n e s s of 
c ladding w h i c h c a n be w e l d e d without 
e n d a n g e r i n g continuity or corrosion 
reistant sur face . W e should employ 
only highly skil led w e l d e r s w h o are 
especia l ly t ra ined for clad weld ing in 
order to a c h i e v e good results. 
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Preheating for Welding 
Clad Steels 

Preheat ing is emp loyed to lower the 
t e m p e r a t u r e g rad ien t be tween the 
we ld metal and the backing material. 
This wou ld help in prevent ing cracks 
in the we ld and the backing material . 
B e s i d e s , p r e h e a t d e c r e a s e s t h e 
shr inkage st resses in the we ldmen t 
and helps reduce distort ion. Preheat-
ing is normal ly r ecommended if the 
back ing mater ia l is of h igh tensi le 
strength, the clad plates are thick or if 
the we ldment is of a rigid design. A 
preheat of upto 150°C to 220°C is 
general ly suff ic ient. 

Preheat ing b e c o m e s manda to ry in 
case of all straight ch rom ium stainless 
steel c ladding except for the type 405 
Straight Ch rom ium steels are marten-
sitic and possesses a pronounced air 
hardening nature, whereas 405 is a 
ferrite sta in less steel. 

Butt Welding in Clad Steels 
J o i n t P r e p a r a t i o n : Butt joint is the 
most preferred joint des ign for clad 
materials. Whi le des ign ing the edge 
form, the fo l lowing points must be 
kept in mind : 

a) Accura te joint a l ignment wou ld 
be necessary 

b) A smal l lip of the steel mater ial 
should be left behind the c ladding 
in order to prevent the melt ing of 
the c ladding dur ing the weld ing of 
the backing steel side. 

Popular des igns of butt we lds in clad 
steels are shown in fig. 3. 

W e l d i n g s e q u e n c e : There are differ-
ent edge forms and sequences of 
weld ing for butt jo ints. As ment ioned 
ea r l i e r t w o w o r k s i t u a t i o n s cou ld 
emerge whi le we ld ing the clad joints. 
In one case, both s ides of the joint 
wou ld be access ib le for welding. In 
the other case the access could be 
restr icted to steel s ide only. 

W h e n the we ld joint is accessib le for 
weld ing f rom both s ides, the recom-
mended weld ing sequence would be 

Fig. 3 : Design of butt Joints in Clad Steel 
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as i l lus t ra ted in f ig. 4 w h e r e two 
schemes have been indicated . 

In the scheme 1, the we ld ing is first 
comp le ted f r om the back ing meta l 
side using e lect rodes match ing the 
parent metal . Whi le laying the root 
pass, it should be ensured that it does 
not fuse with the ca ldding so as to 
avoid format ion of britt le zone. In 
order to avoid such acc identa l fusion 
with clad metal , enough root face in 
the backing meta l (d imens ion 'X' in 
fig.4) should be provided. Af ter weld-
ing f rom the backing metal side, the 
root should be c leaned by gouging 
before laying the corrosion resistant 
layers on the clad side. This scheme 
is qui te economica l as far as mater ial 
and labour costs are concerned. How-
ever, it calls for an un i form fit-up and 
close control of weld ing parameters 
dur ing the first pass f rom backing met-
al side. In the case of larger thick-
nesses and d iameters of vessels it is 
ext remely diff icult to get consistant 
results by this scheme because of the 
variat ion of root gap and occurance of 
local offset. v. 

Scheme No. 2 has the clad metal 
str ipped back for a d is tance of about 
10 m m f rom the plate edge. The back-
ing metal is first we lded f rom the 'V' 
side. The root is c leaned by gouging 
before we ld ing f lush wi th the backing 
metal using the e lect rodes suitable for 
the backing metal. Sebsequent ly , the 
clad th ickness is built up using the 
corrosion resistant we ld metal. 

W h e n the joint is accessib le f rom the 
steel side only as in the case of smal l 
d iameter piping, the entire weld ing 
should be comple ted f rom the steel 
side. The recommended weld ing se-
quences are i l lustrated in fig. 5. 

Here also two scheme viz, 1 & 2 have 
been indicated 

In S c h e m e 1, c o m p l e t e w e l d i n g 
shouid be done using weld ing consu-
mables appropr ia te to the cladding. 
Such a sequence may not be accept-
able for certain appl icat ions where the 
steel s ide has to be we lded using a 
fil ler mater ia l appropr iate to the steel 
grade. 

Fig. 4 : Welding Sequence forButt Joints 
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In scheme 2, the c ladding is we lded 
using the appropr iate filler. Next, two 
layers of high purity iron ( A R M C O 
Iron) before swi tch ing over to the use 
of filler meta l appropr iate to the steel 
side, using str inger bead technique. 

High purity iron deposi t gets sand-
wiched be tween the alloy and steel 
deposi ts and provides a buffer. 

The edge forms descr ibed earl ier hold 
good for downhand , vert ical, over-
head and other posi t ions of butt we ld 
joints. However , in case of hor izontal 
and overhead butt we lds , more runs 
and a guage or two smal ler than the 
usual size of e lect rodes should be 
used compared to downhand and ver-
tical butt welds. 

Tee, Lap and Corner w e l d s 
in clad steels 

Even though one a lways aims at em-
ploying butt we ld ing on clad plates, 
there are occas ions w h e n it is neces-
sary to imply other types of jo ints as 
indicated in Fig. 6. Corner jo ints can, 
to an extent, be obv ia ted by employ-
ing radiused sect ion using two butt 
we lds as shown in f igure 6 but, it 
should be kept in mind that such radi-
used joints increase the cost of fabri-
cation. 

Fig. 6 also i l lustrates the we ld ing se-
quence for fillet and corner joints. But 
the essent ia l requ i rements remain as 
always that is cont inuity of c ladding, 
a v o i d a n c e o f b r i t t l e l a y e r s and 
achieving op t imum jo ints strength. 

Precaut ions dur ing Heat 
T rea tment of C lad Steels 

When post we ld stress relief is found 
necessary for the backing steel side, 
care should be taken to avoid pro-
longed soak ing in order to avoid com-
p l i c a t i o n s d u e to g r a i n g r o w t h , 
embri t t lement, oxidat ion etc. The t ime 
and tempera ture are to be precisely 
control led. Whereve r possible, muff le 
type furnaces shou ld be employed to 
avoid f lame impingement . 

S u l p h u r c o n t a m i n a t i o n in N i cke l , 
Monel and inconel must be avoided. 

Fig. 5 : Weld ing Sequence for Butt Joints 
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T h e fu rnace a t m o s p h e r e mus t be very 
low in su lphu r con ten t . A n y contac t 
w i th br ick w o r k or f u rnace suppo r t s 
that m a y be i m p r e g n a t e d w i th su lphur 
mus t be avo ided . S tee l sca le too m a y 
be su lphu r r ich a n d hence shou ld not 
be left w i th t he c ladd ing dur ing the 
heat t rea tmen t . The f u rnace a tmos -
phere shou ld be s l ight ly ox id is ing in 
o rder to reduce s u l p h u r a t tack above 
2 6 0 ° C . 

F o r t h e aus ten i t i c s ta in less s tee ls a lso 
a s l ight ly ox id is ing a t m o s p h e r e is nec-
essary to avo id any ca rbur i za t ion that 
w o u l d impa i r the co r ros ion res is tance 
o f t h e c ladd ing . T h e r e are severa l fea-
tu res assoc ia ted w i th t he heat t reat-
m e n t o f aus ten i t i c s t a i n l ess s tee l s 
w h i c h are equa l l y app l i cab le to s tee ls 
c lad w i th t hese mater ia ls . If an un-
s tab l i zed s ta in less s tee l has b e e n 
m a d e for c ladd ing the se rv i ce cond i -
t ions must be s u c h tha t t he s ta in less 
s tee l c ladd ing w h i c h go t senc i t i zed 
d u e to t h e s t r e s s re l ie f t r e a t m e n t 
wh i ch o the rw ise , is impera t i ve that a 
low ca rbon g r a d e is c h o s e n at the 
s tage of mate r ia l se lec t ion itself. The 

TABLE -1 
Choice of Welding consumables ofthe clad side 

SR. FIRST PASS FILLING PASSES ALLOY TO STEEL WELDS 
NO. CLADDING (BACKING EXPOSED) (NOT EXPOSED TO CORROSION) 

1. 450 25 Cr - 20 Ni 25 Cr - 20 Ni 25 Cr - 20 Ni 
25 Cr - 1 2 Ni 25 Cr - 1 2 Ni 25 Cr - 12 Ni 

2. 4109 - d o - - d o - - d o -
3. 410 - d o - - d o - - d o -
4. 430 - d o - - d o - - d o -
5. 304 - d o - 1 9 C r - 9 Ni - d o -
6. 304L - d o - - d o - - d o -
7. 309S 25 Cr - 20 Ni 25 Cr - 12 Ni 25 Cr - 20 Ni 

25 Cr - 1 2 Ni 
8. 31 OS - d o - 25 Cr - 20 Ni 25 Cr - 20 Ni 
9. 316 25 Cr - 20 Ni Mo 19 Cr - 1 9 Ni Mo 25 Cr - 20 Ni Mo 

25 Cr - 1 2 Ni Mo 25 Cr - 12 Ni Mc* 
10. 316L - d o - - d o - - d o -
11. 321 25 Cr - 20 Ni Cb 19 Cr - 9 Ni Cb 25 Cr - 20 Ni Cb 

25 Cr - 1 2 Ni Cb 25 Cr - 1 2 Ni Cb 
12. 347 -do - - d o - - d o -
13. NICKEL NICKEL NICKEL NICKEL 
14. MONEL NICKEL MONEL NICKEL 

15. INCONEL 80 Ni - 20 Cr 80 Ni - 20 Cr 80 Ni - 20 Cr 

* Under certain corrosive conditions, 18 Cr filler is recommended for first pass and filling passes. 
The filler metal shall also be of the extra low Carpon variety 
Under certain corrosive conditions, 80 Ni - 20 Cr Filler is recommended for first pass and filling passes. 

Fig. 6 : Tee, Lap and Corner we lds on c lad s tee ls 
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possibil i ty of s igma phase. Format ion 
in ferr i te bear ing s ta in less s tee ls , 
when heat t reated for pro longed pe-
r iod in t h e t e m p e r a t u r e r ange of 
650°C to 900°C and the deve lopment 
of st resses due to di f ferent ial thermal 
expans ion o f t h e austeni t ic and ferrite 
mater ials should be cons idered whi le 
stress rel ief heat t reatment of clad 
plates are contemplated. 

R e q u i r e m e n t of t h e P r e s s u r e 
V e s s e l C o d e s 

The essent ia l requi rements o f t h e fab-
ricated clad equ ipment include sound 
weld and cont inuity of the cladding. 
The we lds on the steel s ide must pro-
vide the requisite strength. 

The pressure vesse ls fabr icated of 
clad steel shou ld con fo rm to the rele-
vant des ign code and the related con-
s t ruc t i on and m a t e r i a l s t a n d a r d s . 

Some of the codes of construct ion 
used by Indian industry are : 

i. ASME Boiler and Pressure Vessels code 
sec VIII Dlr I and II. 

ii. British Standard Institution Code BS : 5500 
- 'Fusion Welded Pressure Vessels' 

iii. Bureau of Indian Standards BIS 2825 -
Code for unfired Pressure Vessels. 

These codes or specif icat ions cover 
the supply of clad plates, certain de-
s ign aspects of pressure vesse ls , 
qual i ty control tests and acceptance 
levels of defects in welded joints. Ap-
proval tests on the welding procedure 
and on welders and operators are to 
be conducted as per the governing 
codes/standards. For example, if a 
pressure vessel is designed as per 
A S M E code Section VIII, then the ap-
proval tests are to be carried out as 
pe r the requirements of A S M E Sec IX 
using materials/welding consumables 
meet ing the requirements A S M E SEC 

II Part A, B & C and inspected as per 
the procedures laid d o w n in A S M E 
SEC V. 

Dur ing the we ld ing p rocedure ap-
proval for clad steels, radiographic ex-
aminat ion and bend, test ing are of 
m a j o r c o n c e r n . S o m e i n s p e c t i o n 
authori t ies ask for radiographic ex-
aminat ion o f t h e steel s ide before the 
weld ing of clad side. This requires 
cutt ing away of the c ladding at the 
we ld joint. The we ld defects such as 
incomplete penetrat ion revealed dur-
ing radiographic examinat ion must be 
repaired thoroughly before laying the 
clad deposi t as o therwise such de-
fects wou ld cause fai lure dur ing the 
bend test. Britt le martensi te layer of 
the weld if fo rmed because of exces-
sive penetrat ion o f t h e steel weld into 
the c ladding whi le weld ing f rom the 
steel side, wou ld be revealed dur ing 
the bend test. 
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DEVIDAYAL'S 
PROCESSED MINERALS 

Processed Minerals are available 
with Devidayal Chemical Industries 
Private Limited, based in Bombay. 

We specialise in pulverising, 
sieving and processing of minerals 
to suit the requirements of our 
customers. 

We keep stocks of processed 
minerals, specially Zircon, Rutile, 
llmenite, Sillimanite and Mica, 
catering to the requirements of 
Welding Electrodes, Steel 
Foundries and Ceramics Industry. 

24 hours of receiving confirmed orders. 
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