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ABSTRACT Power is the basic need of every country in development is based on the power production capacity; un-interrupted 
power supply is needed for various industrial processes in order to maintain the production up to optimum level. Shut 

down of a power plant due to failure of any component may cause a great loss of power as well as revenue; Corrosion is an unavoidable and 
major constraint in the effective operation of boiler of a thermal power plant. Corrosion phenomenon is a most negative parameter and by 
having an effective control on the formation of rust, the effectiveness of power plant can be improved significantly.
 Corrosion generally is defined as the process by which metals return to the form in which they occur in nature. It is due to chemicals reac-
tion between the metal of tube & water impurities or fuel gas product at low temp, (ambient temp.) or high temperature. Here Indian coal is 
a complex and relatively dirty fuel that contains varying amount of sulfur commonly called ash. The coal used in indian power stations has 
large amount of ash (about 50%), due to presence of some corrosive element like sulfur in the flue gases at high temperature present in the tube 
material undergo sulfidation which results in the formation of sulfide/sulfate. Vanadium compounds also in the flue gases undergo fluxing re-
action with oxide and/or sulfate scales on metal causing hot corrosion, and the hot corrosion can cause the rupture of the tubes. This phenom-
enon is usually noted on fire side of boiler tubes particularly in high temperature areas like super heater tubes, re heater tubes etc., this paper 
includes the case study of failure of super heater boiler tubes and study conducted, relevant data, observations, analysis, and recommenda-
tions pertaining to the tube failure, It is well established that an innovative approach to life extension through conduct various tests during 
the plant shut down is potential alternative to improve the overall productivity of any thermal power plant at a negligible investment. These 
alternatives are increasingly getting importance in developed as well as developing countries, not only because of their inherent advantages 
for taking steps for extending life, replacement and preventing premature failure of aged components due to corrosion, but also for optimizing 
the maintenance schedule. Objective of this paper is to assess the hot corrosion in super heater tubes of boiler and to locate the failure point 
due to hot corrosion so that action plans for next five years may be proposed. Based on the visual observations, non-destructive test results, 
destructive test results and their analysis, recommendations are made to run the plant at rated capacity provided these are implemented 
and plant is operated as per design operating regime. This study is based on the observation taken at the site during, shut down and inspec-
tion and identify the problems associated with hot corrosion in super heater tubes of boiler of unit # 4 of kota super thermal power station. 

INTRODUCTION
Hot corrosion is identified a serious failure in coal based power 
plants in India. Hot corrosion in boilers mainly in super heater 
and re heater tubes are responsible for huge failure, for uninter-
rupted power it is essential to reduce or try to eliminate this 
type of failure by developing suitable protective system is essen-
tial for maximizing the utilization of such components. These 
failures can be prevented 

•	 changing the material
•	 altering the environment
•	 Separating the component surface from the environment.

Super heater tubes of a boiler in power plant have finite life 
because of prolonged exposure to high temperature, stress and 
aggressive environment. These are usually designed to last for 
a period of 20/25 years. However past experience has showed 
that for a variety of reasons these may have significant remain-
ing life beyond the design specification and in addition, one 
must realize that every design has a probability of failure. Old 
components are likely to be more prone to failure primarily due 
to the natural process of ageing and also due to the fact that so 
far no failure has taken place, a characteristic of any stochastic 
processes. This is best estimated by conducting the various tests 
during a planned shutdown. Modern high pressure coal firing 
boilers are designed to fire pulverized fuel. Coal is delivered to 
the power stations where it is crushed to a fine powder by pass-
ing it through crushing (milling) plants. The powdered coal from 
the mills is transported into the boiler by air where it is com-
busted in the furnace. Using the coal as a powder leads to higher 
efficiency because of the more intimate mixing of the fuel and 
air. A high percentage of the resulting ash passes over into the 
gas stream, through the super-heater and re-heater sections into 
the economizer, air heater and precipitators and can cause foul-
ing in these sections. The main coal impurities that take part in 
the corrosion process are sulfur, sodium, potassium and chlorine 

whilst sodium and vanadium together with sulfur are the major 
corrosive elements. Generally, boiler corrosion problems can be 
classified into two groups:

(a) Hot corrosion, which occurs in the high heat transfer areas 
such as the platen super heater, re heater and super heater 
tubes. 

(b) Low temperature corrosion, which is usually found in water 
wall tubes. 

 
HOT CORROSION 
Hot corrosion is an unavoidable and major constraint in the ef-
fective operation of boiler of a thermal power plant. Corrosion 
phenomenon is a most negative parameter and by having an ef-
fective control on the formation of rust, the effectiveness of pow-
er plant can be improved significantly. Hot corrosion is generally 
initiated by sulfur. In combustion products of fuel oil, sulfur is 
typically present as Na2SO4. At high temperature it dissociates 
according to the following reaction:

Na2SO4 = Na2 O + SO3

In a typical hot corrosion reaction, molten Na2SO4 attacks pro-
tective layer on metal and undergoes fluxing reaction causing 
rapid metal consumption. In boilers, high temperature attack 
could be due to fire side corrosion, sulfidation or hot corro-
sion. Fire side corrosion is observed at about 550Oc. Deposition 
of molten or partially fused particles (non-combustible) of fuel 
constituents on furnace tube surfaces. It may occur in super 
heater tubes when temperature is very high.  It generally found 
in radiant zone of heat transfer. It is the condensation of com-
bustible constituent such as sodium sulphate on fly ash particles 
and on boiler tubes in areas of the unit where the temperatures 
are such that the constituents remain in liquid state. This phe-
nomenon usually found in convectional surface. The combusti-
bles fly ash and flue gas react chemically to form the deposits as 



342 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Volume : 4 | Issue : 5 | May 2015 • ISSN No 2277 - 8179
Research Paper

follows: 

Sodium chloride (vaporized at flame temp.) + SO3 + Water Va-
pour

=Na2SO4 (Deposited on tubes in the form of corrosion)

action of this effect causes localized disruption of the surface ox-
ide film so that corrosion pit can be produced which propagate 
rapidly with such type of failure. Stress corrosion cracking begins 
with the rubburing of the protective oxide film on the metal sur-
face by either mechanical means or by the action of chemical spe-
cies, such as a chloride ion, localized rupture of the surface film 
leads in time to the formation of corrosion pits. Cracking initiate 
at the root of the pit, the porous corrosion product cap, which 
forms over the pit, restricts the interchange between the local 
environment within the pit and the bulk embankment outside it. 
Thus the pH within the pit is quite different from the bulk envi-
ronment and is more conductive to the initiation of cracking. The 
crack grows & slowly under the SCC conditions until it reaches a 
critical size and brittle fracture occurs cracking may be intergran-
ular, transgranular or mixed mode upending on the combination.  

General Classification of Hot Corrosion
Hot corrosion is present into two forms of attack: Type I- or 
High temperature hot corrosion (HTHC) above about 900°C,it is 
mainly by pure sodium sulfate is above its melting temperature. 
And Type II- or Low temperature hot corrosion (LTHC), between 
about 700°C-750°C it is because of liquid salt formed because of 
significant dissolution of some corrosion elements. 

Hot corrosion in super hater tubes of a boiler is associated with 
the deposition of alkali sulfates onto the metal surface, their con-
centration being increased at the metal surface by absorption onto 
the porous fly ash. The salts formed are usually molten and con-
tain free sulfur trioxide which dissolves the protective oxide film 
to form iron and chromium based sulfates. This hot corrosion rates 
increase rapidly in the temperature range of  600-650°C.Intermedi-
ate-chrome alloys are used as super heater tubing The low-carbon, 
intermediate-chrome steel exhibited acceptable corrosion resist-
ance at metal temperatures up to 540°C. The low carbon steel is 
the worst corrosion resistance among all alloys tested.  

The super heater corrosion behavior depends on three fac-
tors
•	  the tube surface temperature, 
•	  the deposit chemistry and 
•	  the local atmosphere at the vicinity of tubes. 
The main steam temperature is the main parameter that affects 
the choice of super heater materials, this because the corrosion 
rate increases as the super heater steam temperature increases, 
it should be noted that the super heater corrosion rates are not 
uniform, but depend strongly on the local conditions. 

SOME CASE STUDIES
Case-I: Failure of high temperature Super heater tube no.7 
of assy no 3 of unit #4 (Boiler KSTPS Plant)
The boiler had been in operation for more than 20 years. The 
boiler has already clocked 1,30,000 working hrs, it was found 
that super heater tube no.7 & 3 in pent house area  had failed. 

Figure1-Hot corrosion in platen super heater

Figure2-Failure in super heater Tube No.7 & 3

During service, the material or tube is subjected to higher tem-
perature than the oxidation limit of material, bulging burst 
opening with thick lips, flown off the fractured portion, oxide 
scale on ID and OD surface of the tube are observed in the failed 
end of the tube

 

Figure3 Detailed view of failure in super heater Tube N0.7 

Figure4 Micrograph shows microstructure of parent metal.
Location tube no.7 of SH(X200)
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Microstructure shows ferrite grains along with bainite/pearlite. 
Micro/macro cracks are observed in parent metal; cracks appear 
to have formed in oxide/slag inclusions.  Fine bainitic structure 
is observed in cracks region. Spheriodization of pearlite is ob-
served. Cracks are parallel to circumferential weld.

Discussion	
The presence of sulpher, nickel, chromium and vanadium in coal 
forms SO2 and SO3 and react with alkalis forms Na2So4, NaCl 
and V2O5 which then condense with fly ash on the super heater 
tubes as a molten deposits and this deposition in the fractured 
super heater tubes would result in depletion of protective oxide 
layer on the tubes leading to fracture under operating pressure-
temperature conditions. The presence of trans and intergranular 
fracture further proves the consequences of this failure.

IN-SITU Metallographic indicate the cause of failure of super 
heater tube is degradation in microstructure level 

Figure5- Degradation in microstructure

Microstructure analysis
Micro-examination shows structure of ferrite & bainite whereas at 
parent metal shows ferrite & bainite structure. Significant decom-
position of the bainite phases is observed, Corrosion is intergran-
ular, and degradation is observed, many grooves starting from the 
surface going deep into the matrix from fire side, grooves show-
ing corrosion products within the canals. Scales very fragile. The 
molten deposits dissolve protective oxide scales causing acceler-
ated corrosion of the tube. Corroded areas of the boiler tubes have 
revealed selective corrosion at the grain boundaries. Sulfur is one 
of the major causes of failure of fire side surfaces.

Presence of intergranular and transgranular multi-branch cracks 
and occurrence of thick walled fracture indicates failure caused 
by stress corrosion cracking (SCC). It is suspected that earlier 
during replacement this particular portion of the super heater 
tube could have been used without identifying the material be-
cause failure is due to use of incorrect material. 

Figure6 Microstructure of SH Tube No:7
Microstructure reveals uniformly distributed pearlite & ferrite. 
Pearlite completely spherodised but carbide still included in pri-
mary pearlite grains.

Conclusions
Hot Corrosion is pervasive in the power plants because of the 
high operational temperatures. Corrosion processes like other 
chemical or electrochemical processes generally occur faster 
at high  temperatures  but  high temperatures are required to 
improve the thermodynamic efficiency of the steam cycle and 
therefore, limiting the temperature is not the preferred mitiga-
tion strategy. The failure of tube is attributed to external metal 
wastage and subsequent wall thinning. Chemical composition of 
material is also not confirming to the specification. The signifi-
cant microstructure degradation is observed, the failure of the 
tube is attributed to use of incorrect material & degradation of 
tube metal structure, which is subjected to high temperature in 
service.

The chemical composition of the tube no. 7 does not meet 
the requirement of standards but corresponds to typical car-
bon steel. In failed side of the tube graphitisation is very much 
found, presence of S in the fuel oil ash deposits on the fire side 
surfaces of the tubes appears to be the main cause of failure be-
cause this molten deposition is damaged the protective surface 
oxide. Failure of the tubes is most likely due to hot corrosion. 
Presence of sulpher had accelerated the corrosion leading to 
perforation of the tubes.Use of Cr - containing steel SA 213-T22 
will recommend minimizing corrosion. 

A coal fired boiler of a power plant where out of 49 failures oc-
curring in two year duration, 21 failures were found to be due 
to hot corrosion.  These studies emphasize the need to develop 
more and more corrosion resistant materials for such applica-
tions. 

Hot corrosion preventive methods to the existing environment 
are 

(a) Change of metal i.e. use of super alloy 
(b) Use of inhibitors and 
(c) Use of coatings. Regarding change of metal or use of super al-

loy, alloying elements which can improve the hot corrosion 
resistance of materials such as Cr, Al, etc.

The use of alloys which are corrosive resistance  for e.g. Carbon 
steels with low percentage of chromium or other additives are 
mentioned for hot corrosion issues such as flow-accelerated cor-
rosion of super heater tubes and specialized heat treatments at 
grain boundaries,stainless steels and other alloys can be gov-
erned by specialized heat treatments, and this heat treatments 
must be designed to optimize the mechanical properties of the 
structural materials with its corrosion resistance.during manu-
facture and subsequent heat treatment as well as in-situ stress 
reduction techniques are important strategies for SCC,designers 
are careful to eliminate SCC in super heater tubes, where im-
purities can accumulate by local boiling and electrochemical 
mechanisms,concentrated impurities can lead to hot corrosion. 
Fire side corrosion on the other surface of super heater and re-
heater tubes can lead to rapid thinning and, hence, subsequent 
premature failure. For plant with final steam temperatures 
of 565ºC and combustion of coal with chlorine around 0.15% 
showed that these low alloy steels did not possess sufficient fire-
side corrosion resistance. Consequently, the 1000 MW units re-
quired selective re-tubing with the austenitic steels.

If the steam temperatures are to be only moderately increased 
and the hot corrosion potential is low then the improved me-
dium chromium ferrite/materials steels could be considered as 
possible alternatives.Austenitic stainless steels which possess 
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adequate hot corrosion resistance are available for use in the 
final super heater tubes of advanced PF-fired plant operating 
with steam parameters up to 290bar/580ºC, provided the inher-
ent flue gas corrosivity (Cl content) is low. Use of nano materials 
to improve corrosive strength of platen super heater tubes may 
play vital role in prevention of hot corrosion as nano materials 
provide excellent resistance to corrosion at high temperature.
Nano materials may works as passive catalyst and reduce the 
probability of hot corrosion at higher temperatures the vision 
and mission of this paper is to improve hot corrosion strength 
of super heater tubes of boiler and to locate the failure point due 
to hot corrosion so that action plans for next five years may be 
proposed.
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