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Thermal power plants contribute about 75% of the total installed capacity of electric power generating stations. In 
worldwide energy sector, total 37% of electricity is produced by combustion of coal. Boiler tube failure is one of the 
main reason of forced Outages at coal fired thermal power plants. With ever increasing demand for electricity, it is very 
necessary for the power plants to generate electricity without any failure or forced outages. This paper illustrates cause & 
effect analysis of corrosion failure in water wall tubes of boiler. The data pertaining to corrosion failure of water wall tubes 
for one of Thermal Power Plant in Rajasthan State of last ten years is referred. In spite of maintaining the very good water 
chemistry in water cycle of thermal power plant, a corrosion phenomenon takes place in the water wall tubes. The product 
of corrosion in the feed water system goes into the water wall tubes of boiler and gets deposited on the internal surface of 
it. It leads to corrosion and ultimately the tube failure. To achieve the almost zero tube failure in water wall of high pressure 
boilers, post-operational chemical cleaning is essential at the frequent intervals or at the time of shut down of the plant 
to reduce corrosion failure of tubes. This paper will discuss the phenomena of corrosion failure in water walls tubes of the 
boiler & its remedial measures to achieve near zero tube failure.

INTRODUCTION 
This paper deals with the phenomenon of corrosion failure in 
water wall tubes of boiler in thermal power plants. Much of 
this work is based on the theory and particularly on experi-
mental tests performed on water wall tube, sample taken 
from Kota super thermal power plant. Our aim is to minimize 
the failure of water wall tubes due to corrosion which is high-
ly important in the thermal power plant. The saturation tem-
perature of boiler water varies from 260 – 380 ºC depending 
upon the boiler pressure. The capacity of these boilers varies 
from 110 MW to 500 MW, whereas the heat flux varies from 
210-310 kw/m2. These boilers are generally drum type and a 
few once through types. Water wall tubes of these boilers are 
made of carbon steel or low alloy steel. Demineralised water 
is used in these boilers with proper boiler water treatment; 
TSP is used in most of the boiler to maintain the pH where 
deposition of corrosion products and salt concentration takes 
place on the internal surface of water wall tubes. Thermal 
conductivity of this deposit is very low (about 3 W/m/ºC) in 
comparison of carbon steel (about 50 W/mºC), thus signifi-
cantly reduces the heat transfer and increases the outer metal 
temperature. Frequent tube failure has been observed in old 
boilers ran more than 130,000 hours due to internal localized 
corrosion. Tube failure investigation indicates that the main 
reason of water wall tube failure is either due to hydrogen 
damage or caustic corrosion or overheating or the effect of 
all. 

Corrosion Mechanism 
Corrosion is the deterioration of a material as a result of its 
interaction with its surroundings and can occur at any point or 
at any time .Water wall tubes in most of the fossil-fired boiler 
are made of carbon steel. In pure DM water, or in very dilute 
acid or alkaline solutions at boiler temperature, it normally 
corrodes very slowly to form the black iron oxide known as 
magnetite (Fe3O4). The overall reaction is:  

3 Fe + 4 H2O -------Fe3O4 + 4 H2

Figure1:-Visualization of water wall failure tubes
 
Corrosion processes not only influence the chemical prop-
erties of metal or metal alloys, but also generate changes in 
their physical properties and mechanical behaviors and their 
microstructure. Hydrogen damage (Hydrogen embitterment) 
failure occurs when pH value of feed water is very low. For 
proper working, pH value of feed water must be 6.8 to 7.2, 
at low pH value; feed water is more acidic in nature, at low 
pH value hydrogen atom react with the tube material and 
make the methane gas which removes the carbon from met-
al which ultimately weak the surface of tube. Corrosion due 
to dissolved & suspended solids such as calcium and magne-
sium are present in the water in form of carbonate, bicarbo-
nate, sulphate and chlorides with the conversion of water into 
steam in boiler, solids are left behind which concentrate the 
remaining water. As the temperature of feed water increase 
scale formation tendency also increases Thus at higher tem-
perature, these salts are deposited inside the tube in the form 
of scale. Thus we can say Ca. & Mg salts are the major sourc-
es of scale formation due to low solubility. These scale formed 
are further hardened by silica present in water. Allowable val-
ue of dissolved O2 in feed water is 0.007 ppm; its presence is 
highly objectionable as it is corrosive to iron. It causes corro-
sion and pitting of water lines. Gaseous O2 dissolved in wa-
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ter reacts with the transvestite atomic H2 on cathodic area of 
metallic surface destroys the film by depolarization and pursuit 
the corrosion to continue. Corrosion problem due to dissolved 
O2 can be completely solved by dearation of water. Anoth-
er effect of dissolved O2 is to oxidize the ferrous hydroxide, 
which is soluble in water to ferric hydroxide, which is insoluble 
in water, which ultimately creates no. of problems i.e. velocity 
reduction, scaling problem etc.

The reaction takes place is as follows: -	
Fe (Metallic state) = Fe++ + (Ferrous ion when goes into solu-
tion)

Ionizing water is H2O 	 = H + + OH

Fe++ + 2OH = Fe (OH) 2 (Ferrous hydroxide)

Fe (OH) 2 + O2 + 2H2O = 4Fe (OH) 3 (Insoluble ferric hydroxide)

The corrosion of the less noble member of a pair of metals, 
which are joined together, is called “Galvanic Corrosion.” 
Such type of corrosion occurs in the heavy humidity area like 
in power station situated near the sea. In sea, feed water con-
ditions are conductive at high temperature it create the corro-
sive action in tube surface. Caustic embitterment is due to the 
formation of caustic alkalinity, which deposited on the surface 
of the tube in the form of scale. The scale of this caustic soda 
reacts with the metal and damages the welding joints, which 
are weak in nature. If the salt concentrated under the deposit 
is having high pH due to concentration of caustic from TSP 
dosing, it start dissolution of protective magnetite (Fe3O4) layer 
on the evaporator tube wall inner surface and form sodium 
ferrite (NaFeO2) and sodium ferroate (Na2FeO2) as shown in 
the equation.

Fe3O4 + 4 NaOH -------2NaFeO2 + Na2FeO2 + 2 H2O

Figure 2 – corrosion observed in water wall tube
 
Case Study: - Front Water Wall Tube No: 5&6 of unit #1
A case study is made on tubes no 5 & 6 of water wall at unit 
no.1 of  kota  super thermal power station  and details of var-
ious test conducted on these  water wall tubes are collected 
to perform a case study. The test results are compared against 
established limits and conclusions are drawn .The results of 
chemical analysis conducted are shown in tabular format .Dur-
ing In –Situ metallographic replicas were taken which shows 
the micro-structural degradation due to corrosion attack on 
sample tubes.

Figure3- Corrosion observed on water wall tube
 
IN-SITU Metallography 
The tube was transverse sectioned and micro examined at 
the failed region .It showed severe external wastage and wall 
thinning from OD surface towards ID surface .Oxidation of the 
edges are observed at the failed region . The microstructure 
of the tube at the failed shows polygonal grains of ferrite & 
pearlite.Opposite to the failed region and on a ring section a 
little away from the failed region, similar microstructure is ob-
served. Microstructure shows ferrite grains along with bainite/
pearlite. Spheriodization of pearlite is observed. At few places 
fine bainitic structure is observed. . Spheriodization of pearlite 
is observed.Microstructure shows fine dendrites of ferrite with 
bainite at weld.

Figure 4:-Microstructure of front water wall tube no: 5

(A) Chemical Analysis:-  Water Wall Tube deposit compo-
sition(% by wt)

1 Silica                  (SiO2) 2.3

2 Iron Oxide         (Fe3O4) 88.5

3 Copper               (Cu) 1.7

4 Calcium Oxide  (CaO) 4.3

5 Manganesium Oxide                                            
(MgO) 3.0

6 Phosphate         (P2O5)           Traces

7 Sodium Oxide  (Na2O) Traces

(B) DEPOSIT QUANTITY(mg/cm2)
Front Water Wall 39.67
 
In tube no 6, some pitting are there and pitting is probably 
the most destructive form of corrosion that affects the water 
side of boiler tubes. Only a few pits are present and most of 
the surface is unattacked. In other cases, the pits cover most 
of the surface, and as a further extreme, the pits all run to-
gether and the corrosion takes the form of uniform attack. 
The frequency of the pits is determined to a large extent by 
the degree of acidity or alkalinity of the water. Acidity and 
alkalinity are dependent upon the amount of hydrogen-ion 
concentration found in the water. Both would be expressed in 



Volume : 4 | Issue : 5 | May 2015 ISSN - 2250-1991

344  | PARIPEX - INDIAN JOURNAL OF RESEARCH

REFERENCES

1. Executive Summary Power Sector February 2015 Retrieved 25 Mar 2015. | 2. Statistical Review of world energy”. Retrieved 17 June 2014. | 3. Generation overview”. 
31 March 2014. Retrieved 17 June 2014. | 4. Monthly All India Installed Generation Capacity Report Retrieved 23 May 2014. | 5 Growth of Electricity Sector in India from 
1947-2013”. Central Electricity Authority, Ministry of Power, Government of India. July 2013. Retrieved 20 February 2014.World Energy Outlook 2011: Energy for All”. Inter-
national Energy Agency. October 2011. | 6 Nalco Training Course, “Cooling Water Treatment an Introduction,” Nalco Saudi Co. Ltd., Dammam, 2006. | 7 S.K. DEO, ―Reduce 
Boiler Tube Leakages in Your Power Station‖. | 8 Mech-well industries ltd. VOLUME 1, ISSUE 4, 2010 | 9 R.Barry Dooley, ―lesson-2 Corrosion fatigue‖, PP Chem 101-Boiler 
and HRSG tube failures, 2009 | 10 International Journal of Engineering Science and Technology Vol.2(10),2010, 5017-5033. | 11 Test methods for accumulated deposition 
in a steam generator tube, 2005, ASTM International,West Conshohocken, PA, USA, ASTM Standard D-3483-05. | 12. Code of practice for chemical cleaning of boilers, 
1998, Bureau of Indian Standards, NewDelhi, IS-10391-98. | 13 David E. Hendrik, Hydrogen attack on waterwall tubes in a high pressure boiler, Material | Performance, Aug. 
1995, pp-46-51. | 14 Porta R. D. and H. M. Herro, 1991. “The Nalco Guide to Boiler Failure Analysis. New York : McGrawll Hill, | 15 Calannino J., 1993 “Prevent Boiler Tube 
Failure Part I : Fire-side Mechanisms”, Chemical Engg. Progress, p. 33 | 16 A.S. Khanna, “Introduction to high temperature oxidation and corrosion”, ASM International, 
ISBN 0-87170-762-4, SAN: 204-7586, 2002, pp 1-322.

terms of the pH scale. A strong acid solution -- strong mu-
riatic or sulfuric acid is rated as 1; a strong alkaline solution 
-- concentrated caustic soda is rated as 14. A neutral water 
has a pH value of 7. Below a pH of 5, the water is actually 
sufficiently acid.

Conclusion
The failure of the tube no 5 is attributed to external met-
al wastage and subsequent wall thinning. Hence immediate 
chemical cleaning is required. since the water wall deposit 
quantity is comparatively high, it is recommended to carry out 
deposit density  measurement of tubes during next available 
outage ,the presence of copper (1.7%) in the deposit indi-
cates pre boiler corrosion and subsequent deposition on water 
wall tubes ,water chemistry guidelines have to be measured 
and monitored properly to minimize the pre boiler corrosion 
,Visual examination of water wall tubes no 6 revealed depos-
its on tube surfaces, normal pitting also noticed. Corrosion 
observed on tubes in furnace and hopper zone area. No mis-
alignment found visually. Visual inspection of water wall tubes 
revealed surface deposition and normal scaling. Misalignment 
observed on tube surface. Distortion /deformation were also 
noticed. From analysis of observations taken for corrosion 
of water wall tubes, it could be concluded that corrosion is 
the major cause of failure. Various N.D.T. (Non-Destructive 
Techniques) are useful to determine the performance of wa-
ter wall tubes & therefore reduce outages. Visual inspection 
of this intermediate tube surfaces revealed scaling and corro-
sion at bend areas. Misalignment was also observed in some 
of the tube coils. No any other physical damage or disconti-
nuity observed, selective tubes are being replaced, Examina-
tion showed heavy oxide scale and corrosion on the surface 
of tubes. No other abnormality found visually, for analysis of 
corrosion failure in water wall tubes, various data’s were ob-
tained and analysis tables were prepared for this tube by con-
ducting various tests. Methods of corrosion failure control 
depend on type of corrosion encountered. The most common 
cause of corrosion are dissolved solids and under deposit at-
tack& low pH, and these factors can be controlled by main-
tenance of proper pH and alkalinity levels, control of oxygen 
and boiler feed water contamination, reduction of mechanical 
stresses, operation within design specifications, especially for 
temperature and pressure, proper precautions during start-
up and shutdown, effective monitoring and control, Effective 
corrosion control monitoring is essential to ensure boiler reli-
ability. Lastly we can say that by knowing the various aspects 
of water wall tubes failure, efficiency of power plant can be 
increased by reducing outage due to corrosion in water wall 
tube and ultimately reducing the cost of electricity.


