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TUBE TO TUBESHEET WELDING OF 

T ITANIUM FOR UREA STRIPPER 
by 

R.Sudhindra, M.S. Raju, D.V. Kulkarni, J.K. Nanda 
Welding Engg. Deptt., Larsen & Toubro Limited, Powai Works, Bombay. 

INTRODUCTION 

Urea st ipper is one of the most 
impor tant and cr i t ical equ ipment 
in urea plant. Tube to tubesheet 
weld ing is the single most cr i t ical 
a c t i v i t y in s t r i p p e r f a b r i c a t i o n . 
The jo int i nvo lves we ld ing of t i ta-
n ium and has a very d i f f icu l t to 
we ld con f igura t ion . Cr i t ica l i ty in 
t he s e l e c t i o n of t he m a t e r i a l , 
we ld ing of tube to tubesheet for 
p rocedures and i m p l e m e n t a t i o n 
of the process on the job are ex-
pla ined in detai l in th is paper. 

Urea Process 

Urea is a n i t r ogenous fe r t i l i ze r 
manufac tu red f rom a m m o n i a and 
c a r b o n d i o x i d e . T h e r e a c t i o n 
takes place in a reactor at h igh 
pressure (150-220 bar) and tem-
perature (150-200°C). T h e so lu-
t ion leav ing the reactor conta ins 
u r e a , a m m o n i u m c a r b a m a t e , 
unreac ted a m m o n i a and ca rbon 
d iox ide . T h e urea is sepe ra ted 
f rom other compounds ei ther by 
str ipping process or by total recy-
c l i n g p r o c e s s , In t h e 
Snamproget t i process, the reactor 
effluerrt is st r ipped wi th st r ipping 
a g e n t a m m o n i a in a s t r i p p e r 
which is a fa l l ing f i lm type of de-
composer , the shel l s ide of wh ich 
is heated with s team. T h e decom-
posed vapour conta in ing a m m o -

n ia , c a r b o n d i o x i d e a n d w a t e r 
vapour is condensed in the car-
b a m a t e c o n d e n s e r ope ra t i ng at 
the reac to r pressure . The con-
densed product is recyc led to the 
reactor. The urea solut ion passes 
u n a f f e c t e d th rough the s t r ipper 
before being puri f ied and concen-
t rated Severe serv ice cond i t ion 
are encountered in str ipper due to 
highly corros ive a m m o n i u m car-
b a m a t e and h igh t e m p e r a t u r e 
Hence, for successfu l product ion 
of urea operat ion of str ipper be-
comes more crit ical. 

Mater ia l Se lect ion Formely, 
standard 316L type stainless steel 
was used in the cr i t ical compo -
nents of urea plants. However , in 
t h e m o d e r n p r o c e s s e s , w h i c h 
have been op t im ized with regard 
to e c o n o m y by i n c r e a s i n g t he 
t e m p e r a t u r e and p ressu re , t he 
s tanda rd 316 L is seve re l y at-
tacked by the process solut ion. A 
range of other mater ia ls are avai l -
able nowadays l ike 316L (modi -
f ied), dup lex sta in less steels, t i ta-
n ium and z i rcon ium. A l though the 
price of t i tan ium is much higher 
than that of aus ten i t i c s ta in less 
steel due to its h igh corros ion re-
s istance propert ies, it is preferred 
to sta in less steel grade in order to 
a v o i d p r e m a t u r e u n e x p e c t e d 
shutdown resul t ing in loss of pro-
d u c t i o n and m a i n t e n a n c e cost . 

The cor ros ion rates in urea/car-
bamate for var ious mater ia ls are 
g i ven in Tab le 1. 

Weldability of Titanium 

T i t a n i u m is easi ly we ldab le l ike 
aus ten i t i c s ta in less s tee ls . T h e 
p r i m a r y d i f f e r e n c e s b e t w e e n 
w e l d i n g of a u s t e n i t i c s t a i n l ess 
steel and t i t an ium are that t i ta-
n ium must be comple te ly shielded 
w i t h iner t gas at t e m p e r a t u r e s 
above 400°C and that c leanl iness 
is mo re cr i t ica l T i t an ium reacts 
wi th air to f o rm ox ides and at el-
eva ted tempera tu res it wil l readi ly 
ox id ize and discolour. The colour 
of the we lds can be used as an 
ind icat ion of the e f fec t iveness of 
the shie ld ing and resul t ing weld 
qual i ty. Good shield ing and c lean-
ing w i l l p r o d u c e br igh t s i l ve r y 
welds, wh i le straw, blue, gray and 
whi te indicate increasing amounts 
of we ld contaminat ion . 

G T A W is the most widely used 
w e l d i n g p r o c e s s f o r t i t a n i u m . 
G T A W is wel l sui ted for t i tan ium 
because it o f fers the greatest de-
gree of control of the arc and heat 
input a long with super ior inert gas 
shielding. 

Tube to tubesheet welding 
Tube to tubesheet weld ing is the 
most cr i t ical act iv i ty in urea strip-
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Fig 1 : Weld edge preperation on tube sheet 

per f ab r i ca t i on . A s s t r e n g t h w e l d 

i s r e q u i r e d b e t w e e n t u b e t o 

t u b e s h e e t , a g r o o v e + f i l l e t j o in t is 

c h o s e n a n d it is s h o w n in F i g u r e 1 

a n d F i g u r e 2 , 1 8 9 2 t u b e s o f 

A S M E S B 338 G r . 3 w i t h d i m e n -

s ions of 2 7 . 0 m m O . D . X 3 . 5 m m 

( m i n i m u m ) t h i c k is f i x e d to t h e 

t u b e s h e e t ma te r i a l A S M E S A 3 5 0 

L F 2 + A S M E S B 2 6 5 Gr .1 . D i -

m e n s i o n of t u b e s h e e t is 2 0 7 0 m m 

d ia X 2 9 5 ( 2 8 5 + 1 0 ) m m th ick . 

T h e t u b e s are p l a c e d at a t r i a n g u -

lar p i t ch of 35 m m a n d l i g a m e n t 

is 8 .0 m m a p p r o x i m a t e l y . T h e f i -

nal p r o j e c t i o n of t u b e s r e q u i r e d is 

17 .0 m m fo r f i x i n g of f e r r u l e s . 

T h e p r o b l e m s a s s o c i a t e d w i t h t he 

w e l d i n g tube to t u b e s h e e t a re ac -

c e s s a n d p r o v i d i n g e f f e c t i v e 

sh ie ld ing . Necess i t y of w i r e f e e d -

ing to o b t a i n r e q u i r e d f i l l e ' c o m -

p l i ca tes the m a t t e r fu r the r . T u b e 

to t u b e shee t w e l d i n g r e q u i r e s ef -

f e c t i v e sh ie l d i ng fo r we ld , hea t a f -

f e c t e d z o n e , i n n e r d i a m e t e r o f 

t u b e a n d p r o j e c t p o r t i o n of t h e 

tube. 

Requi rements for Tube to 
Tubesheet welding : The fol-
l o w i n g r e q u i r e m e n t s a r e t o be 

me t in t u b e to t u b e s h e e t w e l d i n g 

as s t i pu la ted by S n a m p r o g e t t i 

U P e n e t r a n t e x a m i n a t i o n 
s h o u l d be c l e a r e d a f t e r e a c h 
pass of we ld i ng . 

U N o w e l d i n g d e f e c t s s h o u l d be 

s e e n in m a c r o - e x a m i n a t i o n 

at 10X. 

LI M L P s h o u l d be g r e a t e r t h a n 
o r e q u a l t o t h e t u b e w a l l 
t h i ckness . 

U H a r d n e s s d i f f e r e n c e b e t w e e n 

the w e l d a n d H A Z a n d t h e 

w e l d a n d base m e t a l s h o u l d 

be w i t h i n t h e r a n g e o f 7 0 

V H N . 

• T h e w e l d a p p e a r a n c e s h o u l d 

be br igh t s i l ve r in c o l o u r . 

Planning o f the trials 

W e l d i n g t r ia ls w e r e p l a n n e d w i th 

m a n u a l a n d a u t o m a t i c G T A W 

p r o c e s s w i t h t u b e s h e e t in h o r i z o n -

ta l pos i t ion . T h e w e l d c o n f i g u r a -

t i o n a n d c r i f i c a l i f y o f s h i e l d i n g 

m a d e a u t o m a t i c G T A W an idea l 

c h o i c e . H o w e v e r , in i t ia l l y m a n u a l 

G T A W t r ia ls w e r e p lanned . 

M a n u a l G T A W : W e l d i n g t r i a l s 

w e r e c o n d u c t e d in dus t f ree en-

c losu re . T h e p o w e r s o u r c e used 

w a s a t h y r i s t o r i z e d o n e w i t h p rov i -

s i on f o r u p s l o p e / d o w n s lope f o r 

w e l d i n g c u r r e n t . T i t a n i m b e i n g 

p r o n e to o x i d a t i o n pa r t i cu l a r c a r e 

w a s t a k e n f o r i m p r o v e d sh ie ld ing . 

In a d d i t i o n t o n o r m a l s h i e l d i n g 

f r o m t h e c e r a m i c s h i e l d , a n 
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a u x i l i a r y s h i e l d d e v e l o p e d in -
house was used. A back ing shie ld 
which was p laced inside the tube 
was used to protect the tube inner 
d iameter . The weld ing sys tem is 
shown in F igure 3. Due to exces-
s ive project ion and less l igament , 
we ld ing has become very d i f f icu l t 
init ial ly. Arc ing used to take place 
on the tube wal ls sur rounding the 
tube being welded. It can be seen 
f r om Figure 3 that if the ang le be-
t w e e n t u n g s t e n a n d t u b e in -
c reases a b o v e 17, t h e n a rc ing 
takes place on sur round ing tubes. 
Hence control of tungsten m o v e -
ment is very crit ical. Th is requi red 
extens ive pract ice to welders. Ne-
cessity to obta in the requ i red size 
of f i l let comp l i ca ted ma t te r fu r -
ther. The weld ing was comp le ted 
in three passes with 1.6 m m dia 
ER Ti-1 f i l ler wire for ach iev ing 
3.5 m m throat length. T h e param-
eters are g i ven in Tab le 2. 

As some b o w was obse rved on 
tubesheets rece ived for the job , 
fur ther tr ials were conduc ted wi th 
tube project ion of 23 m m . At the 
s a m e t i m e w e l d i n g t r i a l s w e r e 
p lanned wi th tubesheet in ver t ica l 
pos i t ion to increase product iv i ty 
on the job. Change of pos i t ion 
and inc reased p ro jec t ion in the 
t u b e m a d e t he w e l d i n g m u c h 
more di f f icu l t compared to ear l ier 
case in t e r m s of sh ie ld ing and 
control of weld pool. Feasibi l i ty of 
the weld ing in two passes instead 
of three passes was checked and 
conf i rmed. First pass was we lded 
with 1.6 m m dia ER T i -1 f i l ler wire 
and second pass was we lded wi th 
2.4 m m dia f i l ler wire. T h e param-
eters are g i ven in Tab le 2. 

Commerc ia l grade argon gas was 
tr ied out for auxi l iary sheld ing and 
tube inner d iameter purging and 
pos i t i ve resu l ts w e r e a c h i e v e d . 
However , s ince the cy l inders are 

not cer t i f ied for puri ty, they were 

tested before use. 

Automatic GTAW : Tra i ls were 
conduc ted for tube to tubesheet 
we ld ing . T h e deta i ls of we ld ing 
are g i ven below. 

Equipment details : The power 
source, which is contro l led by a 
m i c r o p r o c e s s o r b a s e d s y s t e m , 
has a fac i l i t y fo r p r o g r a m m i n g 
and storage for all the weld ing pa-
ramete rs . T h e power source is 
des igned for a m a x i m u m output 
of 250 a m p s and can be used in 
l i near or pu lsed cur ren t m o d e s 
wi th a duty cyc le of 60%. T h e 

Table 1 : Corrosion Resistance of 
Materials to UREA / Carbamate solu-
tion 

Material Corrosion Rate(mpy) 

316 L 
316 L(mod) 6.9 
25/22/2 L Mn 3.2 
Pure Titanium 2.6 
Pure Zirconium 0.1 

we ld ing head consists of a rotat-
i ng c e n t r a l h o u s i n g w h i c h in-
c ludes the rotary seals for the dis-
t r ibut ion of cool ing water, shield-
ing gas, we ld ing current, the gear 
motor for rotat ion and cable con-
nec t ions to the cont ro l sys tem. 
The motor f i t ted wi th an encoder 

Fig 3 :Schematic sketch showing shielding arrangement 

BLLER WIRE 

AJXILIAffr SHIELD 

COPPER 

PURGING / y 
ARRANGEMENT . 

PURGING GAS (INLET) 
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regulates the speed and contro ls 
the weld ing sequence as a func-
t i o n of a c t u a l t o r c h p o s i t i o n 
th rough the power source. T h e 
motor dr ive assembly gu ides the 
tool and supports all o ther com-
ponents. The head has prov is ion 
for w i re f e e d e r a s s e m b l y . T h e 
welding is carr ied out by insert ing 
the sensor of the head into the 
tube. The sensor gu ides the we ld-
ing head a long the we ld joint . The 
sensor has the prov is ion for gas 
p u r g i n g t h e t u b e . A s p e c i a l l y 
d i s i g n e d c h a m b e r s u p p o r t is 
p laced on the tubes and a c h a m -
ber is p o s i t i o n e d fo r a u x i l i a r y 
sh ie ld ing . The w e l d i n g head is 
mounted on the X-Y sl ide which is 
f ixed on a f ix ture assembly . The 
weld ing system is shown in Fig 4 

Welding trials : W e l d i n g t r ia ls 
were conducted with 0.8 m m dia 
ER Ti-1 f i l ler wire. The we ld ing 
parameters are g i ven in Tab le 3. 
The weld ing cycle is d iv ided into 
four sectors for two passes. For 
first pass of weld ing this is not re-
quired due to high rotat ion speed, 
whereas for second pass rotat ion 
speed is kept l ow to ach ieve re-
quired f i l let size. Due to exces-
s ive heat bui ldup, tube and some 
t imes weld, used to become blue 
Star t ing pos i t ion of the we ld is 
v e r y i n p o r t a n t to a c h i e v e a 
smooth weld. Af ter ex tens ive tri-
als start ing posi t ion of the we ld is 
f ixed at 11.30 posi t ion and rota-
t i o n is in c l o c k w i s e d i r e c t i o n . 
Over lap of weld is approx imate ly 
45. 

Criticality in the location of 
tungsten electrode and wire : It 
was observed that the locat ion of 
tungsten e lect rode and wire are 
ve r y i m p o r t a n t in a c h i e v i n g a 
proper we ld prof i le and f i l let. If 
the tungsten is c lose to tube and 
near the tube sheet ( - 1 m m ) then 

Table 2 : Manual GTAW Parameters for Titanium tube to tubesheet 

Parameter Tubesheet horizonaltal Tubesheet vertical 

Current (A) 
Voltage (V) 
Filler dia.(mm) 
Polarity 
Tungstan dia.(mm) 
Gas : 
Shielding 
Auxilary 
ID.Purge 
No. of passes 

135-145 
15 - 22 

1.6 
DCEN 

3.2 

Argon 
Argon 
Argon 

3 

135 - 160 
14 - 22 

1 6 & 2 . 4 
DCEN 

3.2 

Argon 
Argon 
Argon 

2 

.CHAMJIIBL 
l U m f l l 

I f f i l L 
CONNECTION 

j f l f l c a . 

mOLDIW. 

RAMIC 

Fig 4 Automatic Weiding System 

there is every possibi l i ty of short 
c i rcut ing of the arc and tungsten 
con tamina t ion of the weld. If the 
tungsten e lect rode is away f rom 
tube sheet and towards the tube 
side, weld meta l deposi t ion wou ld 
be on tube only. If tungsten elec-
t rode is away f r om tube ( - 3mm) 
then weld metal would fal l down 
f r o m 1 to 5 O ' c l o c k pos i t i on . 
Hence an o p t i m u m posi t ion of 1,5 
m m to 2 m m between tungsten 

e lect rode and tube is f ixed. The 
m/c . has p r e v i s i o n for A V C or 
p rog rammed neight control. Gen-
eral ly for pro jected tube end jo ints 
p r o g r a m m e d he ight is prefer red 
and hence for we ld ing tr ials it was 
used. In this mode the tungsten 
wil l retract to a preset height af ter 
touch ing the tubesheet face af ter 
sequence is in i t iated and no cor-
rect ive act ion wil l be taken 
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Fig 5 Photograph of a Tube to Tubesheet 
welded block & sectioned view 

Fig 6 Macro-photograph of Titanium tube 
to tubesheet weldment 

Fig 7 Manual G T A W of Titanium Tube to 
Tubeheet on the job 

Fixture Development : Du r i ng 
tr ials it was observed that the v is -
ibil i ty of the arc is not proper w i th 
the chamber c losure suppl ied by 
equ ipmen t m a n u f a c t u r e r ad jus t -
ments of parameters (or s topp ing 
the we ld if any abnormal i t ies oc-
cur dur ing weld ing) was not pos-
sible. Hence a n e w c h a m b e r was 
des igned and made wi th sta in less 
steel strip. Qual i ty of we lds was 
f ound to be exce l l en t w i th th i s 
n e w f i x t u r e . T h e e q u i p m e n t 
m a n u f a c t u r e r had supp l i ed a n d 
a c r y l i c c l o s u r e f o r a u x i l i a r y 
shie ld ing of the weld. It was no-
t i c e d t h a t w h e n e v e r t u n g s t e n 
shor t i ng o c c u r r e d e i t he r in t he 
weld or wi th the tube tungs ten rod 
r e m o v a l b e c a m e v e r y d i f f i c u l t 
due to the c l o s e d c h a m b e r . A 
g lass c h a m b e r m a d e i n to t w o 
ha lves was t r ied out and found to 
be very useful 

P^gcedure Qualification 

Manual GTAW procedure : 
Based on parameters as g i ven in 

Tab le 2, tube to tubesheet we ld-
ing procedures were qual i f ied wi th 
t u b e s h e e t in ho r i zon ta l a n d in 
ver t ica l posi t ion respect ive ly . Al l 
the requ i rements were met sat is-
factor i ly. The hardness va lues are 
g i ven in Tab le 4. Photograph of a 
tube to tubeshee t we lded b lock 
and a sect ioned v i e w is shown in 
Figure 5. 

Automatic GTAW procedure : A 
procedure was qual i f ied based on 
the parameters g i ven in Table 3. 
H a r d n e s s v a l u e s a re g i v e n in 
Tab le 4. Macro photograph of the 
we ld at 5X is shown in Figure 6. 

Training of welders : Number of 
we lders were t ra ined and qual i -

Table 3 : Automatic GTAW Parameters for titanium tube to tubesheet 
(tubesheet in vertical position) 

Parameter I pass II Pass 

Peak current (A) 135 -125 135 - 125 
Back ground current (A) 60 60 
Peak time (ms) 250 250 
Back ground time (ms) 100 100 
Wire feed rate (mm/s) 15 - 18 21 - 2 5 
Wire dia (mm) 0.8 0.8 
Rotarian speed (mm/s) 1.1 - 1.3 0 . 9 - 1 . 0 
Voltage (V) 8-12 8-12 
Gas : 
Shielding Argon Argon 
Auxiliary Argon Argon 
I.D.Purge Argon Argon 
Tungsten dia (mm) 2.0 2.0 
Tungsten type EW Th-2 EW Th-2 
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Table 4 : Average hardness values in VPN ( l o a d 10 Kg.*) Titanium Tube to 
Tubesheet Welds 

Manual GTAW Automatic GTAW 

Weld 
Tubesheet 
Tube 
Tubesheet (HAZ) 
Tube (HAZ) 

177 
143 
211 
168 
225 

146 
109 
234 
130 
219 

Fig 8 : Automatic GTAW of Titanium Tubesheet on the job 

t i e d to w e l d t i t a n i u m t u b e to 
tubesheet by manua l G T A W pro-
cess . T h r e e w e l d i n g o p e r a t o r s 
were t ra ined and qual i f ied for au-
tomat ic G T A W . 

Implementation on the job 

Dentist tools (gr inders/Dr i l ls) and 
i n d i g e n o u s l y m a d e t o o l s w e r e 
procured in ant ic ipat ion of some 
repairs on the job l ike tungs ten 
c o n t a m i n a t i o n of the we ld etc . 
Observat ions made dur ing imp le -
menta t ion of manual as wel l as 
a u t o m a t i c G T A W p r o c e s s a re 
g i v e n b e l o w . P h o t o g r a p h s of 
manual and au tomat ic G T A W of 
t i tan ium tube to tubesheet on the 
job are shown in F igure 7 and 
Figure 8 respect ively. 

Manual GTAW : Except for m inor 
d i s c o l o u r a t i o n of s o m e o f t h e 
we lds no ma jo r p r o b l e m s were 
faced dur ing manua l G T A W pro-
cess. The d isco lourat ion was re-
m o v e d by s t a i n l e s s s tee l w i r e 
brushes special ly procured for the 
j o b . W h e r e v e r t u n g s t e n 
con tan ina t ion was there (most ly 
on tube ends), it was r e m o v e d by 
gr inding. 

Automatic GTAW : No m a j o r 
prob lems were faced dur ing auto-
mat ic G T A W except fo r tungs ten 
c o n t a m i n a t i o n of s o m e of t he 
we lds due to m i s m a t c h in tube 
project ion. These were r e m o v e d 
by g r i d i ng and f u r t h e r w e l d i n g 
was done. As welders were n e w 
to au tomat i c sys tem, p roduc t ion 
w a s on l o w e r s ide . A u t o m a t i c 
G T A W was imp lemen ted on the 
job to gain some exper ience for 
future jobs. However , the advan-
tages of un i fo rm bead pro f i les , 
re lat ive absence of stray arc ing 
were apparent . T h e overa l l ap -
pearance of we lded jo in ts were 
excel lent. 

Tests and Results on the Job : 
Visual examina t ion was done af-
t e r c o m p l e t i o n of the w e l d i n g . 
Dye penet rant exam ina t i on was 
car r ied out on the job and found 
sat is factory . A f te r penetrant ex-
aminat ion , pneumat ic test at 0.5 
Kg / cm2 fo l lowed by he l ium leak 
test at same pressure was carr ied 
out and found sat isfactory. 

CONCLUSION 
1. Manual G T A W procedures were devel-

oped for Ti tube to tube to tubesheet 
welding with tubesheet in horizonal and 
in vertical position. 

2. Automatic G T A W procedure was devel-
oped with tubesheet in vertical position 

3 Both the welding techniques were 
implemented on the job with total sucT 

cess 

4. Chamber for auxilary shielding, sensing 
finger were developed in house and fix-
tures were modified. 

INDIAN W E L D I N G JOURNAL, APRIL, 1994 
21 


