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INTRODUCTION

For non-corrosive fluids like steam, 
piping material used depends on the 
temperature of the fluid. W here a 
number of material grades may be 
considered , oxida tion  res is tance , 
freedom  from  g ra p h itis a tio n , 
fa b ric a b ility , w e ld a b ility  and 
econom ic  a v a ila b ility  d e te rm in e  
which material grade should have 
preference for use. In general, use 
of good qua lity  carbon stee l has 
been restricted to 400°C. For higher 
tem p e ra tu res , ce rta in  a d d itio n a l 
properties viz. creep strength and 
ru p tu re  s tre n g th  com e in to  
cons ide ra tion  and these m ake it 
imperative to use alloy steel. In this 
sense, temperatures above 400°C 
may be co n s id e re d  to be h igh 
temperature for piping materials.

H ighest flu id  tem pera tu re  occurs  
genera lly  in the main steam  line 
which passes from the boiler final 
su p e rh e a te r o u tle t to the steam  
turbine inlet and or the hot reheat 
steam  line which passes from  the 
bo ile r fina l reheater outle t to the 
turbine. In most of the modern steam 
p ow e r s ta tio n s  in Ind ia , the 
temperature is 540°C for main steam 
as well as hot reheat line. Higher 
temperature (565°C) for hot reheat 
steam line was used for the first time 
in TEC's 6th Unit at Trombay (500 
MW). NTPC is going to build at Sipat 
(Madhya Pradesh) a 660 MW Unit 
employing supercritical once through 
steam  cycle (for the firs t time in 
India) where also a hot reheat steam 
te m p e ra tu re  o f 5 6 5 “ C is be ing  
considered.

NEW MATERIAL X20

A departure from the traditional use 
of P22 in India was made by TEC 
who selected a material of German 
origin designated as X20CrM oV 121 
(in sho rt, X 20) fo r m ain steam  
(540°C ) and ho t re h e a t s team  
(565°C) pipes of the aforesaid 6th 
Unit at Trombay. The Unit became 
operational in 1989. Com pared to 
P22, e le v a te d  te m p e ra tu re  
properties of this material is so high 
that only about half the thickness of 
P22 is required in X20 at 540°C. 
Because of this superiority of X20 
over the P22 equ iva len t German 
material lOCrMoQIO, X20 had been 
used for more than three decades in 
steam power stations of unit capacity 
150 MW and above w here  
engineering and supply were from

Following alloy steel grades listed in order of suitability for higher temperatures have generally been used for high 
temperature steam piping in India :

Material Grade

ASM E/A STM BS 3604 DIN 17175
1/2 Mo SA 335 Gr P I
1 Cr 1/2 Mo SA 335 Gr P12 HFS 620 l3C rM o44
1-1/4 Cr 1/2 Mo SA 335 Gr P11 HFS 621
2-1 /4  Cr 1 Mo S A 3 3 5  Gr P22 HFS 622 10CrM o910
1/2 Cr 1/2 Mo 1/4 V HFS 660 14M oV63
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Table I : C om pacison o f T h ic k n e s s  R e q u irem en t

M ateria l
D esign  P ressure , kg /sq.cm  
D esign Tem pera tu re , °C 
Inside D iam eter, mm 
M in im um  T h ickness , mm

German sources. Table - I indicates 
tlie tliickness requirement for main 
steam pipes of a 500 MW Unit using 
(i) P22 and (ii) X20 for ttie sake of 
comparison :

D ra s tic  re d u c tio n  in th ic k n e s s  
resulted in the following benefits :

■  saving in cost of piping materials 
including hangers and supports, 
s tru c tu ra l s tee l and the rm a l 
insulation

■ shorter installed length of piping 
because of greater flexibility of 
thinner pipe

■ saving in welding consumables 
and also ene rgy needed  fo r 
welding

■  saving in installation time

B es ides, fa s te r s ta rt-u p , load 
chan ges  and shu tdow n  o f U n it 
becom e p o ss ib le  w ith  low er 
thickness. Overall saving in cost vis- 
a-vis use of P22 was claimed to be 
about 40%.

In sp ite  o f these  a d va n ta g e s , 
however, X20 did not find application 
in many countries mainly because it 
was not included in the ASME Code. 
ASME perhaps did not include it 
because USA was also try ing to 
develop a material to bridge the gap 
that existed between their P22 and 
next higher grade steel (austenitic 
stainless steel).

After building eight 500 MW sets in 
the country, NTPC opted fo r the 
material X20 in case of their next two 
500 MW Units at Farakka (W est 
Bengal), It was the result of a very 
susta ined  e ffo rt by M annesm ann 
S e iffe rte  who toge the r w ith  Bhel 
were jo in tly selected by NTPC for 
supply, fabrication and installation of 
Power Cycle Piping for all the above 
ten sets.

Following the successful introduction 
in Farakka, the material X20 found 
fu rthe r app lica tions in 2x500 MW 
Talcher (Orissa), Tata Chemicals at 
Mithapur (Maharashtra), I x 500 MW 
Chandrapura (Maharashtra), 2X250 
MW Budge Budge (W est Bengal) 
and 2x500 MW Vindhyachal (Uttar 
Pradesh) where Bhel supplied and 
installed all X20 materials.

During the period X20 was gaining 
in popularity in India, the USA having 
successfu lly developed a modified 
version of their material P9 by the 
e a rly  e ig h tie s  w e n t on ga in ing  
experience with its application and 
co n fid e n c e  w ith  the m a te ria l's  
e leva ted  tem p e ra tu re  p roperties . 
They designated the m odified P9 
m aterial as P91. The results with 
P91 were so encouraging that it is 
now being preferred to even X20 for 
all tem pera tu re  app lica tions from  
530°C upwards. It is even stronger 
than X20 at tem pera tu res  above 
540°C and comparatively easier to 
fabricate and weld because of lower 
carbon content in it. The strength 
advantage of P91 over X20 as well 
as the o the r pop u la r a lloy stee l 
grades may be ascertained from the 
Table - II below.

G erm any a lso  w o rked  on th is  
m a te ria l and cam e out w ith  an 
e q u iv a le n t de s ig n a te d  as 
XIOCrMoVNb91 (in short, X10). They 
were the first in Europe to use this

NEW MATERIAL P91

Table II : C o m p a ris o n  o f A llo w ab le  S tress  a t E le va ted  Tem p eratu res
(as pe r A S M E B 31 .1 -1995)

A llo w a b le  S tress, N /sq .m m  at T e m pera tu re . °C

M ate ria l 4 50 480 500 520 540 560 580 600

P1 90 - - - - - -

P11 97 94 74 57 43 32 23 -

P12 99 90 81 65 44 32 23 -

P22 98 90 81 68 53 43 34 -

X20 - 189 156 124 98 74 54 39

P91 124 115 110 104 98 91 80 66
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Table III : C h e m ic a l R eq u irem en ts  (%  by  w e ig h t)

M ateria l C Mn P
m ax

S
m ax

Si C r M o ' V Nb
(Cb)

N Al Ni

P22
0 .15

0.30
0 .60 0.03 0 .0 3 0 .50

1.90
2 .60

0 .87
1.13

X20 0 .17
0 .23 1.00 0 .03 0 .03 0.50

10.00
12.50

0.80
1.20

0 .25
0 .35

0.30
0 .80

P91 0 .08
0.12

0 .30
0 .60 0 .02 0.01

0.20
0 .50

8.00
9 .50

0 .85
1.05

0 .18
0 .25

0 .06
0 .10

0 .03
0 .07 0 .04 0 .40

material in a green field installation 
at Schkopau (2x450 IV1W) for both 
main steam and hot reheat steam 
lines in the year 1993/1994.

The first application of P9I was made 
in India in 1995 when part o f an 
existing hot reheat outlet header in 
P22 o f a 500 MW b o ile r  w as 
rep laced w ith P91. The te rm ina l 
tubes  in T22  co n n e c te d  to the 
header were also replaced with T91 
tubes. A com p le te  m ain  s team  
header in P91 material has already 
been in opera tion  since 1999 at 
SAIL’s Bokaro Steel P lant w here 
cu rren tly  the rep lacem en t o f the 
existing header in 12X1 MO material 
of Russian origin (GOST) with P91 
material is in progress.

First green field application of P91 
in India for main steam line in a 
steam power station occurred this 
year at MSEB’s 3rd Unit (210 MW) 
at Khaperkheda (Maharashtra) and 
installation work for the 4th Unit is 
in p rogress. N TPC 's 2x500 MW 
Simhadri Project in Andhra Pradesh 
currently under installation also has 
P91 p ipes for main steam  lines. 
Supply and installation of P91/T9I 
m aterials were by Bhel in all the 
above cases.

P91 m ate ria l has been used fo r 
s team  lin e  a lso  in H a ld ia  
P e trochem ica l P ro je c t w h ich  go t 
operational this year,

COMPARISON OF X20 AND P91 
WITH P22

Table - III ind ica tes the chem ical 
requirements for the new materials 
X20 and P91 vis-a-vis P22.

The s a lie n t w e ld ing  and hea t 
treatment requirements for the new 
materials X20 and P91 vis-a-vis P22 
are summarised in Table - V.

SPECIAL CHARACTERISTICS OF 
X20 AND P91

Welding of P22 and other low alloy 
s te e l g rades  had been w e ll 
established in India. X20 requires 
sp e c ia l care  and p re ca u tio n  for 
welding as indicated in the footnotes 
under Table - V. X20 after welding 
has to be cooled to between 80 and 
100“C and held at that temperature 
for a minimum period of 1 hour so 
that the austenite in the weld gets 
totally transformed into martensite. 
The martensite formed is very hard, 
the hardness being greater than 500 
BHN (HVIO) and therefore requires to

be tem pered im m edia te ly . If the 
m a rte n s ite  is  coo led  to room  
te m p e ra tu re  be fo re  tem pering , 
chances are very high that cracks 
will develop in the weldment. If heat 
treatment cannot be proceeded with 
immediately, the temperature of the 
jo in t must be maintained between 80 
and 100“ C.

This crack form ation possib ility is 
much less for P91 which acquires a 
som ewhat less hardness value of 
450 BHN (HV 10) in the as welded 
condition. Cooling of P91 weld to 
room temperature has been possible 
without any detrimental effect even 
for jo int thickness as high as 50 mm. 
It is, however, imperative that room 
temperature storage for such joint is 
dry and s tre s s -fre e  and fu rthe r, 
storage is not for an indefinite period 
(preferably not more than 8 days). 
Welding and heat treatment of both 
X20 and P91 are considered done 
satisfactorily if the hardness is found 
to be not exceeding 300 BHN (HV 
10).

Martensite formation temperature for 
X20 is 300°C . T h e re fo re , X20 
welding is carried out at either 250°C 
(just below the martensite formation 
te m p e ra tu re ) or in the non-
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Table IV : Tens ile  R e q u ire m e n ts  a t R o o m  T e m p e ra tu re

M ateria l

P22

X20

P91

0.2%  Y.S., m in. 
N /sq. mm

205

4 9 0

415

U .T.S ., m in 
N /sq . mm

415

690

585

E lo n g a tio n , % m in. 
(G auge  Length)

3 0 (2 ”)

17(5xd)*

20(2”)

D = O rig ina l D ia m e te r o f Test S p ec im en .

transformation range beyond 400°C. 
Tem pera ture  o f 4 0 0 -4 5 0 °C  is 
genera lly  p re ferred to avoid high 
hardness values and attendant risk 
of cracking during w/elding. Root 
pass o f th ick -w a lle d  X20 p ipes, 
however, have been found to be 
conven ien t fo r w e ld ing at 250°C  
using filler wire of the type P22 since 
welding with filler w ire of the type 
X20 often resulted in notches in the 
root area.

The m a rte n s it ic  n a tu re  o f X20 
demands that no overheating of any 
portion of the material takes place 
th rough  any tack w e ld ing , arc 
s trikes , flam e  c o rre c tio n s  or 
con tin uous  h igh speed g rind ing . 
These operations are, in fact, don’ts 
for X20 welding.

One im p o rta n t a rrangem en t, 
necessary while undertaking welding 
of X20 and heavier wall thickness 
P91 is the provision of a standby 
power source ( a diesel generator of 
adequate capacity) so that in the 
event of a power fa ilure, welding 
ope ra tio n  can c o n tin u e  till 
com p le tion  in one cyc le . As an 
alternative, gas ring burner may be 
mounted over the joint in progress 
so that the jo int may be kept hot to 
the required extent during a power 
failure.

For heavier wall th icknesses, the 
te m p e ra tu re  d iffe re n c e  be tw een 
outside surface and inside surface of 
pipe could be considerable in case 
o f hea ting  to s tre s s  re lie v in g  
temperature is done with the help of 
resistance heating. Because of the 
im portant influence of temperature 
on the property of the materials X20 
as w e ll as P91 and the narrow  
temperature range recommended for 
stress relieving, it is highly desirable 
that heating in such cases is done 
using induction heating equipm ent 
for which this temperature differential 
is much less.

As may be observed from the above, 
the m a te ria ls  X20 and P91 are 
specia l from  the po int o f v iew  of 
welding compared to the traditional 
low alloy materials. Hence, welders 
to be engaged in welding of X20 or 
P91 material should be specifically 
qualified for the particular material to 
be welded. The qualification may be 
ob ta ined th rough  B h e l’s W eld ing 
Research Institute at T iruchirapalli 
w h ich  is a C o m p e te n t A u th o rity  
recognised by The Central Boilers 
Board fo r the issue o f Q ua lified  
Boiler W elder’s Certificate.

P91 has already been used in more 
than 20 c o u n tr ie s  and is be ing 
preferred even in countries where 
X20 had its  p resence . It is now 
apparent that for quite some time in 
the near fu tu re , P91 w ill be the 
material chosen for high temperature 
steam piping in India. P91 has found 
a p p lic a tio n  in h igh tem p e ra tu re  
services in petrochem ical projects 
also. However, a lot of research has 
already been made for development 
of more suitable material for even 
higher tem perature applications in 
order that more fuel efficient steam 
power stations may be .built so as to 
limit pollution of the environment for 
which pressures are building up all 
over the globe. Quite a number of 
steam  pow er s ta tions have even 
been bu ilt w ith  these deve loped 
m a te ria ls  em p lo y in g  live  steam  
tem pera tu res  o f over 600°C and 
re h e a t te m p e ra tu re s  upto  abou t 
625°C . F ie ld  te s ts  o f s in g le  
com ponents are going on to get 
experience of their service behaviour 
at te m p e ra tu re s  o f up to  650°C . 
These new pipe materials are P92 
(s ta n d a rd is e d  by A S M E /A S T M ), 
Japanese Nf616 and the European 
E91 1 (approved by German TUV). 
P92 (sim ilar to Nf616) and E91 1 
d iffe r  from  P91 m a in ly  in th e ir 
tungsten (W) and molybdenum (Mo) 
content,

Creep rupture strengths for these 
m aterials are assumed to be very 
s im ila r. C om pa red  to P91, an 
in c re a se  o f 20 -30%  has been 
realised at 6I0°C and 100000 hours. 
This increase in creep strength is

FUTURE TREND
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T ab le  V : W e ld in g  R eq u irem en ts

P22 X20 P91

1, F ille r W ire  (G TAW ) T G S  2C M C M 2 .1G (B oh le r) T G S  2C M ,T G S  9Cb
2. E le c trode  (S M AW )$ E 9 018 -B 3 F O X 2 0M V W (B oh le r) E 5 0 5 -1 5

C M 9C b
3. P rehea t Tem p.,“C 150 250 220
4. In te rpass Tem p.,"C  (m ax.) 350 450 350
5. Posthea t

(P rehea t M a in tenance ),"C 150 8 0-100 250
(1 hr m in.)* (2 hrs)

6. P W H T  Tem p.,"C  @ 7 0 0-76 0 7 4 0 -76 0 7 00 -76 0
7. S oaking  T im e,

M inu tes /m m  S 2.5 — —
M in im um  S o ak ing  T im e,
M inu tes  $S 15 120 15

8. S h ie ld ing  G as A rgon Argon Argon
9. Purg ing  G as N il A rg o n * ' A rg o n * ’

$ E lec trodes fo r X20 and P91 requ ire  b ak ing  at 300-350°C  fo r 2 hours w h e re a s  the  e le c tro d e s  fo r P22 m ay be 
baked at 250 -300°C  fo r 2 hours .

# P rehea t is requ ired  w hen jo in t th ic k n e s s  e xce e d s  13 mm .
It is ve ry  im portan t fo r X20 jo in ts  to be coo led  to b e tw een  80 and 100°C  a fte r co m p le tio n  o f w e ld ing  and then 
held at that te m p e ra tu re  fo r a m in im um  pe rio d  o f one  ho u r so tha t tra n s fo rm a tio n  o f the  a u s te n ite  in to m artens ite  
is co m p le te d . Im m ed ia te ly  the rea fte r, the  jo in t has to be heated  to the  P W H T  te m p e ra tu re  and s tress  re liev ing  
co m p le ted . F o r P91, th is  sam e  re q u ire m e n t ap p lie s  bu t fo r co m p a ra tive ly  m uch h e a v ie r w a ll th ic kn e sse s .

®  P ostw e ld  hea t tre a tm e n t is not requ ired  u n de r ce rta in  co n d itio n s  fo r P22. E xce p t fo r X20, P W H T  te m pera tu re  
ranges in d ica te d  are  as  re c o m m e n d e d  by  A S M E . W e ld ing  p ro c e d u re  q u a lif ic a tio n  m us t e s ta b lish  the  m ost 
a p p rop ria te  range. 740 -7 6 0 °C  is know n to have  g iven  a cce p ta b le  resu lts  fo r P91.

$$ M in im um  soak ing  tim es ind ica ted  are as per A S M E e xcep t for X20. S oaking  tim e of tw o hours m in im um  is recom m ended  
fo r P91.

** Purg ing is recom m ended  to  be co n tin u e d  till the first tw o fille r passes  are com p le ted .

equ iva len t to an increase in live 
steam temperature of 15-25°C. Their 
fabricability and welding also have 
been found to be similar to those of 
P91. But India has to make lot more 
strides in high tem perature boiler 
and turbine design and operation 
before the advantages of these new 
materials may be fully harnessed,
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