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1.0 Introduction: 
The total assembly of boiler tubes, in a modern high pressure, high temperature 
steam boiler for power generation, consists of a variety of carbon, low and 
intermediate alloy chromium-molybdenum steels in an assortment of tube/pipe 
dimensions in terms of their diameter and wall thickness; in each family the 
particular steel of the specified composition has been selected on the basis of its 
(i) mechanical and tensile properties at ambient and elevated temperatures 
(ultimate tensile strength; proof stress for 0.2% residual deformation in 
elongation, stress required to cause rupture in 105 hours and relative elongation) 
(ii) weldability and (iii) corrosion and oxidation resistance, particularly in the 
environment prevailing on either side of the heat transferring metallic interface 
where on one side corrosion is greatly influenced by the water chemistry 
including the presence of dissolved oxygen; the presence of moisture in steam, 
and on the other, by the corrosive nature of the coal ash and the corrosive attack 
itself being accentuated by the (a) residual ash of the furnace oil, periodically 
used to provide support to the combustion of the pulverised coal, (b) prevalence 
of relatively higher temperatures, (c) the presence of excess oxygen (d) the 
occurrence of thermal fluctuations and (e) the abrasive action of the fine ash 
particles, moving with the flue gases at high velocity. It is indeed a marvel of 
engineering that by meticulously and assiduously, assimilating metallurgical 
knowledge, the power engineers have been able to obtain long lives spanning 10-
15 years, and even more, from the ordinary carbon and low alloy steels. 
The acceptance of the tubes/pipes is further governed by their meeting the 
requirement of several other tests involving bending, flattening, flaring and 
hydrostatic pressure tests as specified in the various Standards such as those of 
the ASTM/BSS/DIN/ISO/ISI.. 
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2.0 Steels for boiler tubes/pipes: 
Table I lists some of the important ASTM specifications of ferritic steels used in 
the manufacture of tubes and pipes and Table II summarizes important aspects of 
their composition, tube manufacture and heat treatment. (The corresponding 
ASME Boiler and Pressure Vessel Code specification numbers can be obtained 
merely by replacing the prefix with the letters ‘SA’). It may be useful to reiterate 
the metallurgical dictum that composition alone is grossly inadequate to define 
the properties of any steel and, therefore, does not provide any indication about 
its performance under any defined conditions of service. 
Depending on the zone of application of the tubes in a boiler, the specifications 
provide that the tube can be made by the electric resistance welding of strip steel, 
or by the seamless process of tube making and could in the latter case, be either 
hot finished or  
 
cold drawn. In order to eliminate the welding stresses and the heat affected zone, 
all electric resistance welded tubes are supplied after normalizing heat treatment 
which involves heating of the ferritic tubes to temperatures high enough in the 
austenitic range (1650ºF), followed by cooling in air or in the cooling chamber of 
a controlled atmosphere furnace. When austenite transforms into a ferritic 
structure during cooling in the normalizing treatment, the resulting structure 
possesses good tensile and stress-rupture properties. 
Hot finished tubes and pipes are produced when the entire tube piercing 
operation is completed in the austenitic range of temperature so that air cooling 
of the tube after the completion of the tube making operation, still in the 
austenitic range, results in simultaneous normalizing; occasionally tempering of 
the normalized structures at 1200ºF and above, is additionally recommended as 
in A 209. If the tube making operation continues to temperatures below the lower 
critical temperatures of the steel (the so called A1 temperature), the steel 
transforms into ferritic structure whilst it is con-currently undergoing plastic 
deformation when both the ferritic and the pearlitic areas of the structure are 
mechanically elongated in the direction of metal flow. 
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TABLE 1 
SERIAL NUMBERS & CHEMICAL COMPOSITION OF ASTM 

SPECIFICATION  
HAVING RELEVANCE FOR THE BOILER INDUSTRY 

 
Composition % ASTM No. Description  Grade 

C Mn Cr Mn Si 
A 106-68 Seamless carbon steel 

pipe for high central 
stations having steam 
service pressures of 
400 psi & over and 
high temperature 

Grade A 
 
Grade B 
 
Grade C 

0.25 
max 
0.30 
max 
0.35 
max  

0.27-
0.93 
0.29-
1.06 
0.29-
1.06 

- 
 
- 
 
- 

- 
 
- 
 
- 

- 
 
- 
 
- 

A 178-69 Electric Resistance 
welded carbon steel 
boiler tubes intended 
for use as boiler tubes, 
boiler flues, 
superheater flues. 

Grade A 
Low carbon 
steel  
Grade C 
Medium 
carbon 

0.06-
0.18 
 
0.35 
max 

0.27-
0.63 
 
0.80 
max 

- 
 
 
 
- 

- 
 
 
 
- 

- 
 
 
 
- 

A 179-66 Seamless cold drawn 
low-carbon steel heat 
exchanger and 
condenser tubes for 
applications covered 

 0.06-
0.18 

0.27-
0.63 

- - - 

A 192-62 Seamless carbon steel 
boiler tubes for high 
pressure service 

 0.06-
0.18 

0.27-
0.63 

- - - 

199-69 Seamless cold drawn 
intermediate alloy steel 
heat exchanger and 
condenser tubes. 

Grade 3b 
T3b 

 
 
0.15 
max 
 

 
 
- 
 

 
 
1.65-
2.35 

 
 
0.44-
0.65 

 
 
- 

  T4 0.15 
max 

- 
 

2.15-
2.85 

0.44-
0.65 

- 

  T5 0.15 
max 

- 
 

4.00-
6.00 

0.45-
0.65 

- 

  T7 0.15 
max 

- 
 

6.00-
8.00 

0.45-
0.65 

- 

  T9 0.15 
max 

- 
 

8.00-
10.0 

0.90-
1.10 

- 

  T11 0.15 
max 

- 
 

1.00-
1.50 

0.44-
0.65 

- 

  T21 0.15 
max 

- 
 

2.65-
2.35 

0.80-
1.06 

- 

  T22 0.15 
max 

- 
 

1.90-
2.60 

0.87-
1.13 

- 
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209-69 Seamless carbon-

molybdenum alloy 
steel boiler and 
superheater tubes. 

Grade T1 0.15-
0.20 

- - 0.44-
0.65 

- 

  Grade T1a 0.15-
0.25 

- - 0.44-
0.65 

- 

  Grade T1b 0.14 
max 

- - 0.44-
0.65 

- 

210-69  210-69 Seamless 
Medium-carbon steel 
boiler and superheated 
tubes.  

Grade A-1 0.27 
max 

0.93 
max 

- - - 

  Grade C 0.35 
max 

0.29-
1.06 

- - - 

213-66  Seamless ferritic and 
austenitic alloy steel 
boiler superheater and 
heat exchange tubes. 

T2 0.10-
0.20 

- 0.50-
0.81 

0.44-
0.65 

- 

  T5b 0.15 - 4.00-
6.00 
with 
silico
n 

0.45-
0.65 
0.50 
max 
1.00-
2.00 

- 

  T5c 0.12 
max 

- 4.00-
6.00 
with 
silico
n 

0.45-
0.65  
0.50 
max 

- 

  T12 0.15 
max 

- 0.80-
1.25 

0.44-
0.65 

- 

  T17 0.15-
0.25 

- 0.80-
1.25 
with 
0.15 
vanad
ium 

0.44-
0.65 

- 

  Besides 
T3b, T5, T7, 
T9, T11 

- -    

-250 Electric Resistance-
welded carbon-
molybdenum alloy 
steel boiler and 
superheater tubes 

  Same 
as 
209 

   

335-65 Seamless ferritic alloy 
for pipe for high 

P1 0.11-
0.20 

- - 0.44-
0.65 

0.1-
0.5 
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temperature service 
  P15 0.15 

max 
- - 0.44-

0.65 
1.15-
1.65 

  Also grades P2, P5, P5b, P5c, P7, P9, P11, P21, P22 where the 
composition is identical with corresponding tube grades in A-199 and A213 
above. 
 

TABLE II 
SALIENT FEATURES OF TUBE MAKING PROCEDURES AND HEAT 

TREATMENT OF FERRITIC STEELS 
ASTM No. Processing description Heat treatment 
A 106 Pipes upto 1.5 inch dia. 

may be either hot 
finished or cold drawn. 
Grade A, rather than 
grade B shall be used 
for close coiling, cold 
bending or forge 
welding. 

Hot finished pipes need not be 
treated cold drawn pipe shall be 
heat treated after the final cold 
drawn pass at a temperature of 
1200ºF or higher. 
Each length of the pipe shall be 
subjected to the hydrostatic test 
under maximum test pressure of 
2500 psi for size upto 3 inch dia 
and under or 2800 psi for all sizes 
over 3 inch. 

A 178 Tubes shall be made by 
electric resistance 
welding. 

After welding all tubes shall be heat 
treated at a temperature of 1650ºF 
or higher followed by cooling in air 
or in the cooling chamber of 
controlled atmosphere furnace.  

A 179 Tubes shall be made by 
the seamless process & 
shall be cold drawn. 

Tubes shall be heat treated after the 
final cold draw at a temperature of 
1200ºF or higher. 

A 192 Tubes shall be made by 
the seamless and shall 
be either hot finished or 
cold drawn. 

Hot finished tubes need not be heat 
treated. Cold drawn tubes shall be 
heat treated after the final cold draw 
pass at a temperature of 1200ºF or 
higher. 

A 199 The tubes shall be made 
by the seamless process 
and shall be cold drawn. 

The tubes shall be heat treated after 
the final cold-draw at a temperature 
of 1200ºF or higher. 

A 209 The tubes shall be made 
by the seamless process 
and shall be either hot 

Hot finished tubes shall be treated 
at a temperature of 1200ºF or higher 
cold drawn tubes shall, after the 
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finished or cold drawn 
as specified. 

final cold draw pass, be heat treated 
at a temperature of 1200ºF or higher 
or heat treated by cooling in air 
from 1650ºF or higher and reheated 
to 1200ºF or higher. 

A 210 Tubes shall be made by 
the seamless process 
and be either hot 
finished or cold drawn, 
as specified. 

Hot finished tubes need not be heat 
treated. Cold finished tubes shall be 
given a subcritical anneal, a full 
anneal or a normalizing heat 
treatment after the final cold 
drawing process. 

A 213          - do -  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tubes shall be made 
from strip steel by 
electric resistance 
welding. 

All ferritic grades shall be furnished 
in heat treated condition. The heat 
treatment shall consist of slow 
cooling through the critical 
temperature range or normalizing 
and tempering except for grades T2, 
T5c and T12. 
The hot rolled or cold drawn tubes 
in grades T2 and T12, as a final 
heat treatment, shall be process 
annealed at 1200ºF to 1350ºF. 
Grade T5c shall be treated by 
heating to 1350ºF followed by 
furnace or air cooling. Cold drawn 
tubes in Grade T9 shall be process 
annealed at a temperature of 1200ºF 
or higher of any controlled 
structural characteristics are 
required, these shall be so specified 
as to be a guide to the most suitable 
heat treatment. 
After welding all tubes shall be heat 
treated at a temperature of 1650ºF 
or higher and followed by cooling 
in air or in the cooling chamber of 
controlled atmosphere furnace.  

235-65 Pipes, 2 inch dia and 
above shall be hot 
finished pipes & under 
2 inch dia may be 

Pipes of all grades, except P1, P2, 
P5c & P12 shall be reheated and 
full annealed, isothermal annealed 
or normalized and tempered – the 
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furnished either hot 
finished or cold drawn. 

temperature of tempering shall be 
not less than 1200ºF (649ºC). Cold 
drawn pipe in grade P9, after 
drawing shall be annealed at 1200ºF 
or higher. The hot rolled, or cold 
drawn pipe, in Grades P1, P2 & 
P12, as a final heat treatment shall 
be given stress relieving treatment 
at 1200º - 1300ºF (649 - 704ºC). 
Grade P5c steel shall be treated by 
heating to approximately 1350ºF 
(732ºC) followed by air or furnace 
cooling. 

 

Whereas the deformed ferritic areas are almost instantaneously recrystallised, as 
the temperature is still above the recrystallisation temperature of ferrite, into 
ferrite, the pearlitic areas are not and provide a banded appearance when 
examined under a microscope. Such tubes would in all probability, pass the short 
term mechanical acceptance tests prescribed for the hot finished tubes, they are 
not strictly so. These ‘pseudo’ hot finished tubes posses inferior corrosion and 
stress-rupture properties which could be easily restored if a full normalizing 
treatment were given. 
As far as the cold drawn seamless tubes are concerned, the specifications provide 
that they may be given a subcritical anneal, a full anneal or a normalizing heat 
treatment. The subcritical annealing treatment would require heating of the tubes 
to temperatures below the lower critical temperature (A1) so that only the cold 
worked ferrite grains are recrystallised into strain-free polygonal ferrite grains 
and the pearlitic areas remain elongated or deformed. Metallographically, these 
structures are broadly similar to that of the pseudo hot finished tubes. Full 
annealing and normalizing heat treatment would involve heating to 1650ºF and 
above, and cooling at rates appropriate to the heat treatment. These structures are 
mutually closely similar and also with that of the hot finished tube. 
2.1 Functional classification of Boiler steels. 
Tubes and pipes used in thermal power stations can broadly be classified into 
two categories: (i) those where heat transfer occurs across the tube wall under 
conditions of high temperature and pressure and (ii) where the tube/pipe operates 
under high temperature and pressure but without any heat transfer and is thus 
used for the purpose of transporting steam. The metal temperatures in the latter 
category remain more or less steady because the temperature of the steam is 
additionally regulated through the use of attemperator water; in the case of the 
former type of tubes; the metal temperatures often exceed the maximum of the 
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designed limits and depending on the vagaries of the combustion system the 
amount of excess air used and the extent of leakages, load fluctuations, changes 
in fuel quality, steam starvation etc., the increase in temperature could be upto 
several hundred degress Celcius.        


