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ABSTRACT 

A boiler is a closed vessel where the combustion heat is transferred to the water until hot water or steam 

is formed. The failure occurred on the boiler water tubes at the textile processing plant, after an eight-

year operation, which experienced damage like water tubes rupture in position at the bottom of the 

furnace boiler. In this position, the boiler water tubes directly received heat from burning coal. Damage 

occurred on the water tubes starting from a permanent form change until the rupture of the box (water 

tube boiler). The testing results of the boxes' chemical composition, the boiler, failed and the matter 

degraded, such as; C, Mn, Ni, Cr, Ti, Mo, and Cu, which will reduce the physical and mechanical 

properties of the material of the tubes. Analysis of the results obtained by visual observation showed the 

tube's box's fish mouth, and this indicated overbooking on the tubes. The test results showed that the 

hardness of tubes in the damaged tubes has lower hardness than undamaged tubes. Under these 

conditions, the damaged tubes experienced softening (annealing). This is corroborated by the testing 

results of the tensile strength, which indicated that the tensile strength of the damaged tubes decreased 

compared to the undamaged tubes. Microstructures tubes' microstructures ruptured tubes experienced a 
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change from ferrite and pearlite became pearlite spheroidizing at grain boundaries. This differs from the 

microstructure on the intact tubes’ material, namely in the form of ferrite pearlite with a fine grain.        

Keywords: boiler, tubes, failure, rupture (burst), microstructure 
 

 

 

INTRODUCTION 

A boiler is a closed vessel where the combustion heat is transferred to the water until hot water or steam 

is formed. The boiler's important components are a furnace, the chamber, heat exchangers and control 

system, and safety accessories. The right composition in mixing the fuel and air in the combustion chamber 

will produce perfect combustion. The combustion heat heats the boiler tubes in which water transfers the 

heat into water vapor through the heat exchanger system. The steam with certain pressure is used to give 

the vapor to a dying jet system and dye textile products. The existence of heat, pressure, abrasive and 

corrosive environment that experienced continuously for a long time leads the initial failure of the water 

tube boiler [1–3]. A failure happened on the water tubes at the textile processing plant. The boiler operated 

24 hours/day in a full year, and an overhaul is scheduled every two years, inclusive of cleaning the boiler 

tubes. The fireside was cleaned with a mechanical system, and the waterside was cleaned with a chemical. 

Boiler feed-water is taken from groundwater. The feed-water system used an installation water softener 

system. Table 1 shows the specifications of boilers. 

 

Nevertheless, the boiler is not equipped with a de-aerator tank. Water from the softener tanks directly 

entered into the daily tank boiler and onward as boiler feed water on the installation of water softener 

boiler feed-water at controlled quality, with chemicals to get the quality boiler feed water which meets the 

standard boiler feed water, especially which is demanded, such as water pH is maintained between 6 - 8. 

The boilers use solid fuel in low-calorie coal, working at a maximum pressure of 15 kg/cm2. During the 

8-year operation, the boiler had rupture on the tubes at the bottom of the furnace boiler, where the tubes 

directly received the heat from the combustion of coal fuel. The visible damage on the tubes started from 

the change of permanent forms until bulging and rupture of the tubes, so that this required boiler shutdown 

to replace the tubes. Fig 1 illustrated the general water tube boiler system in the plant and the location of 

the failure. 
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Fig. 1 - Ruptured tubes position 

 

The investigation was carried out by the failure analysis method through several examinations and 

destructive tests to determine the cause of failure, namely visual observation, chemical composition 

analysis using spectroscopy, hardness testing using a micro-Vickers tester, and microstructure testing 

using optical microscopy and scanning electron microscopy (SEM). The observations of failure 

characteristics are as follow: on a used tube, there is a local thinning, especially at the location of the walls 

of ruptured tubes as a result of tangential stress. From the results of the evaluation of the failure of the 

boiler tubes, it was caused by the occurrence of excessive heat (overheating) due to the deposited water 

crust deposited (scale deposits), which prevented the heat transferring process. After a visual observation 

of data coupled with information obtained from a boiler operator, the possible cause of failure in the tubes 

are as follows: 

 

Table 1 - Boiler Specification Data 

Merk : Unknown 

Type : Water Tube Boiler 

Manufactured Year : 2012 

Maximum Pressure : 15 kg/cm2 

Steam Temperature : Unknown 

Fuel : coal (low calorie) 

 

This study aims to identify the root causes of the significant reasons for the water tube components failure 

and to use this information as assessment material for implementing preventive actions. 

2. METHODOLOGY 

When there is a failure in the boiler tubes, especially on water tubes, observation and collection of samples 

and evidence are conducted to lead to the cause of a failure. Data retrieval in the field was carried out 
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through interviews with operators, visual observation, macroscopic observations, microscopic 

observation, and collecting of operating data and specifications from the operational boiler system at a 

textile processing plant. Research on finding the cause of the tube’s failure at the textile processing plant 

was made by the method of failure analysis approach. 

 

2.1 Observation and Study of Literature 

When there is a failure in the boiler tubes, especially on water tubes, observation and collection of samples 

and evidence are conducted to lead to the cause of a failure. Data retrieval in the field was carried out 

through interviews with operators, visual observation, macroscopic observations, microscopic 

observation, and collecting of operating data and specifications from the operational boiler system at a 

textile processing plant. Fig. 2 shows the flow-sheet of inspection and testing of the damaged tubes. 

 

2.2 Preparation of Specimens 

After taking some samples of the failed water tube, the specimen preparation process was carried out 

according to the laboratory's testing standards. Specimen preparation includes cutting, mounting, grinding, 

and polishing.  

 

2.2.1. Chemical Composition Specimens Preparation 

Methods of spectroscopy are used to examine the composition of chemical elements in the samples from 

the tubes, which can then be compared with a standard tube specification for the boiler or the tubes that 

do not fail (intact). "Comparing to some intact tubes is to see some happening changes" such as the first 

change in physical properties; chemical composition, grain size, and phases. While the results of these 

changes will continue to change into mechanical properties such as hardness, tensile strength, corrosion, 

creep, etc. 

 

2.2.2. Hardness Test Specimens Preparation 

Hardness Observation on failure analysis using the method of micro-Vickers with diamond indent or refers 

to the standard ASTM E92 [17] to determine the differences and changes in hardness in the samples of 

boiler tubes that have failed and standard tubes material to the boiler or in tubes that do not experience 

failure (intact). The test is carried out at three examination points, from the one that is close to the ruptured 

part until the farthest part and the intact ones. 

 

2.2.3. Microstructure Specimens Preparation 

Microscopic observation with the metallographic method was conducted to analyze the morphology and 

distribution of grains and phases formed in the sample of tubes, which failed to refer to the ASM 

Handbook Volume 9 (2004) [15]. Microstructure observation on tube samples used scanning electron 

microscopy (SEM) JEOL JSM 6390 A technique of backscattered electron and mapping. 

 

2.3. Testing of Specimens 

After the tube samples' cutting process in a close position to the damaged area (Burst), the next stage is 
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testing. The tests performed include visual inspection of the ruptured area, micrographic inspection, the 

examination of the microstructure, hardness testing, the tensile strength and chemical composition 

analysis of the tubes, using optical emission spectrometry (OES), and testing the composition of the 

crust/scale deposit with the Energy Dispersive X-ray Fluorescence (EDXRF) method.  

 

A visual inspection was carried out to identify the location of the damage, the form of the damage, and to 

determine the initial area of the cause of the damage, which will be selected for further examination. This 

method was done by checking the conditions and contours of the damaged area accurately and then 

documented it with a digital camera. 

 

Along with the visual examination, the macro graphic examination used a stereomicroscope to identify 

early damage to the leaking or ruptured area's surface so that the area can be exposed at a higher 

magnification than the visual examination. Hence clearer information can be obtained from the results of 

the macro graphic examination. The macro graphic examination was carried out at a magnification of 12x. 

Macro graphic examination refers to ASTM E 340-00. The metallographic examination used an optical 

microscope performed to examine the initial damage in more detail. The surrounding areas of the damage 

were associated with microstructure and changes during the operation process. Besides, a metallographic 

examination was performed to check for the presence of micro void, micro-cracks, or other micro-defects 

that may be present and have an effect as a cause of damaged and leaking tubes. The results are then 

documented with a digital camera. 

 

The preparation of metallographic specimens refers to the ASTM E 3-01 standard, which includes several 

stages, including cutting metallographic specimen material in the form of water tube material (water tube 

boiler) using a hand grinder. The process of forming the test sample using techno vit or acrifix powder 

mixed with a specific ratio of hardening liquid, where the liquid mixture becomes hard and takes ± 1 hour. 

The grinding/sanding process uses Struers hand grinding machines and silicon carbide (SiC) emery paper 

with various roughness, namely a combination of 80,120, 220, 360, 500, 600, 800, 1000, and 1200 mesh. 

The washing process used 95% alcohol and then dried it with a blow dryer. The process of 

polishing/polishing test tube samples used diamond paste form. Furthermore, the tube test samples' micro 

etching process was carried out, which refers to the ASTM E 407-01 standard where the solution used is 

Nital 2%. 

 

Testing the tubes’ material hardness was performed around the damaged area to find out the possibility of 

hardness value changes probably causing the damage due to softening (annealing) or the contrary 

hardening happened (quenching). The used method is indented Hardness Vickers (HV) refers to ASTM E 

92. The load used was five kgf using a diamond indenter with an angle of 136°. Analysis of the tubes' 

chemical composition that failed and standard tube materials for the boiler or the tube’s material that does 

not fail (intact) using optical emission spectrometry (OES). The examination was carried out to determine 

the type of alloy steel so that it is easier to choose a substituting material, as well as to find out changes in 

composite and process. Comparing the chemical composition of the tubes’ material that failed and the 
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tube’s material that does not fail (intact) to evaluate the likelihood of degradation of the material's 

composition. Chemical composition examination refers to Standard ASTM A213. 

 

Preparation of the test sample on the tubes' chemical composition using grinding and sanding to rudeness 

40 CCW. SEM analysis was carried out on the surface of the damaged area to examine the leak's shape in 

more detail and find other evidence that may be present and contribute to the initial failure. Analysis of 

corrosion product or crust/scale deposit used method of Energy Dispersive X-ray Fluorescence (XRF) to 

check for the presence of suspicious elements such as aggressive ions or corrosive ions, which may 

contribute to further damage. 

 

 

Fig. 2 - The flow-sheet inspection and testing of the damaged tubes 

 

3. RESULTS AND DISCUSSION 

3.1. Visual Observation 

The visual observation of Fig. 3 showed that the condition of tubes experienced a bulging before it burst 

(ruptured). 
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                                       (a)                        (b) 

 

Fig. 3 - Visual inspection and test position of boiler tubes. (a) Macro graphical tubes that 

suffered damage leaks (burst) part of the tubes on the fireside; (b) The macro graphic of 

the surface of the water tube boiler on the waterside experienced a burst. 

 

There is a build-up of combustion scale/deposit while on the inside, there is a white scale, expected as 

silica. From the results of these visual observations, it is also seen that there are corrosion products 

throughout the fireside of the tubes in Fig. 3(a), which is brownish yellow and rough. The presence of 

corrosion products indicates a reaction of fuel gas and is exposed to temperatures above normal that should 

be accepted by the tubes’ material. Stacking scale deposits in the area burst had hot spots that reduce their 

thickness because of the oxide reaction or corrosion. 

 

Where as in Fig. 3(b) the surface of the boiler tubes on the waterside that experienced burst. A build-up 

of scale/combustion deposit is quite thick and layered with different colors. The precipitate that formed 

stuck to the tubes' surface is brownish-black like iron oxide, which occurred due to the high temperatures 

exposed in the air, while the scale layers/sediment preconceived white, thick, and hard thought to be a 

compound of silica produced by water. 

 

3.2.Chemical Composition Testing 

Testing the chemical composition of tubes’ material experiencing a rupture, and intact boiler tubes and 

Standard Tubes ASTM A213 T12A are shown in Table 2. The results of the chemical composition test of 

table 2 show that the tubes’ material failed and the tube’s material that does not fail (intact). Some 

degraded elements, such as; C, Mn, Ni, Cr, Ti, Mo, and Cu, will reduce the physical and mechanical 

properties of the tube’s material. Compared with ASTM A213 T12A material standards with tubes’ 

material that does not fail (intact) have different conditions, especially on the elements C, Cr and Mo, 

which tend to be higher. Material specification of ASTM A213 Grade T12 [10] is low carbon steel, which 

has good creep resistance, high ductility, low hardness, and wieldable [7]. Table 2 also shows the elements 

of chromium and molybdenum on the results of the chemical composition of intact tubes, where the 

numbers are on the outside of the allowable range of compositions. The chromium element is a constituent 

element that mainly functions to raise the corrosion resistance, toughness and stability at high 
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temperatures. Also, the chromium element also plays a very important role in the formation of hard carbide 

compounds, so that it will increase the hardness of the steel [8] [9]. 

 

Table 2 - Chemical composition test results 

Matter 

Water 

Tube 

Intact Water 

Tube 

ASTM-A213-

T12A 

% 

C 0.0887 0.091 0.05-0.15 

S 0.0107 0.0123 Maximum  

0.026 

P 0.0033 0.0151 Maximum  

0.025 

Si 0.0061 0.1954 Maximum  

0.50 

Mn 0.4012 0.5062 0.30-0.61 

Ni 0.071 0.0986 - 

Cr 0.009 0.1443 0.80-1.25 

V 0.0573 0.0037 - 

TI 0.0035 0.0278 0.0278 

Al 0.024 0.036 0.0235 

Mo 0.027 0.053 0.44-0.65 

Cu 0.105 0.1769 - 

Nb 0.0008 0.0018 - 

Fe Balance Balance Balance 

 

3.3.Hardness and Tensile Test 

Hardness testing is carried out on the damaged area and the undamaged area according to figures 4 and 5, 

where each region gets data 3 times. The comparison of hardness testing of the damage tubes and intact 

tubes showed that the hardness decreased in areas far from the burst around 117-105 HV, but the hardness 

increased in the burst area 117 - 119 HV due to a change in the ferrite-pearlite phase into pearlite 

spheroidization (Fig. 14). However, when compared to standard ASTM 213 material, its hardness value 

is 178 HV. This is away different from the intact water tube boiler material. It means that the tube’s 

material used has a hardness value of 117 HV. Table 4 showed the tensile test result of the specimens. 

The tubes' overall tensile strength is reduced due to a softening process caused by annealing temperature 

> 550 °C. The tensile strength decreased by approximately 11.5% and a yield strength decline of about 

16.25% as well as the elongation decreased by around 14.8%. However, when compared with the standard 

ASTM 213 material, it is not much different from the intact tube material, meaning that the tube material 

which was chosen and used was good. 
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Fig 4. Sample collecting position for hardness test on tubes 

 

 

 

Fig. 5 - Position of the hardness test on a ruptured water tube boiler 

 

Table 3 - The material hardness value of tubes 

Water Tube 

Intact 

Water 

Tube 

No Sample 

A 

Sample 

B-1.1 

Sample 

B-1.2 

Sample 

B-2 

Sample 

C-1 

Sample 

C-1 

 

1 104 99.5 107 104 97 120 118 

2 107 113 107 105 107 120 117 

3 107 118 103 107 112 117 118 

4 - 106 105 - - - - 

5 - 101 114 - - - - 

Average 106 107 107 105 105 119 117 

Tool Name  : Frank Finest 

Testing Method : Hardness Vickers (HV) 

Load   : 5 Kgf 

Identor Angle  : 136° 
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Table 4 - Tensile test results for boiler tubes and standard tubes 

Sample σy (N/mm2) σu (N/mm2) ε (%) Hardness 

Intact Tubes 333-307 (320) 434-420 (427) 26-28 (27) 117 

Broken 

Tubes 

2247-289 (268) 371-385 (378) 22-24 (23) 105 - 119 

 

3.4. Water Crust Deposit Analysis 

Based on the macro-observations presented in Fig. 6, it is clear that there was a deposit of water crust 

(scale) inside the tube. The existence of the crust can disrupt the heat transfer mechanism of the system 

and make the tube overheats. Moreover, XRF analysis (Fig.7 and Table 5) and SEM-EDS analysis (Fig.8) 

was subjected to find out the chemical composition of the crust. The results present the elements of the 

crust that the majority of elements include oxygen, sulfur, sodium, silica, magnesium, and calcium. The 

data confirm that the crust strongly suspected is an oxide compound. 

 
Fig. 6 - Deposits on the surface of boiler tubes at the waterside 

 

From the results of XRF testing, as shown in Table 5 and Figure 8, it can be seen that the dominant 

elements in the water tube boiler are solid which tends to form deposits of calcium carbonate (CaCO3), 

calcium sulfate (CaSO4.2H2O), magnesium carbonate (MgCO3) and strontium deposits. Sulfate (SrSO4) 
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has a low forming intensity beside other scale deposits, such as iron carbonate (FeCO3), iron sulfide (FeS). 

 

The results of the examination of corrosion products using EDS as shown in Fig.8, showed that the 

dominant elements which are corrosive elements that accelerate the damage of the material. The existing 

elements considered from the combustion of fuel in the boiler system reacted with air to form oxide 

compounds [14] and become corrosion products in the form of a crust attached to the tubes' outer surface. 

 

Table 5 - Composition of XRF water tube crust 

FE (%) Zn (%) Al (%) Si (%) P (%) S (%) Cl (%) Na (%) Mg (%) 

38.7 0.011 0.341 24.823 0.468 0.456 0.342 4.634 4.909 

K (%) Ca (%) Sc (%) Ti (%) Cr (%) Mn (%) Ni (%) Cu (%) Sr (%) 

0.246 24.319 0.067 0.027 0.099 0.251 0.019 0.076 0.177 

Sample ID: Water Tube Crust Experiment name: SMART-Element Measurement finished: 26/11/2020 

 

 
Fig. 7 - XRF results on the surface of the crust in a water tube (water tube boiler) 

 

Table 6 - Quality feed water table 

Parameter Unit Limit Controlling 

pH Unit 10.5 – 11.5 

Conductivity Mmhos.cm 5000, max 

TDS Ppm 3500, max 

P-Alkalinity Ppm - 

M-Alkalinity Ppm 800, max 

O-Alkalinity Ppm 2, 5 x Si   O2. Min 

Hardness Ppm - 

Silica Ppm 150, max 

Iron Ppm 2, max 

Phosphate Residual Ppm 20 – 50 

Sulfite Residual Ppm 20 – 50 

pH Condensate Unit 8.0 – 9.0 

 

The results of the examination of the corrosion products in the form of scale are then carried out using 
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the Energy Dispersive Spectroscopy (EDS).  

 

       
(a)         (a)                                                                            (b)  

Fig. 8 - Results of SEM-EDS crust on the surface boiler tubes at a fireside. (a) SEM results on the 

surface of the tubes on the fireside; (b) EDS results in the crust on the surface of the tubes on the 

fireside 

 

3.5.Microstructure Observation 

The microstructural test was conducted at two points: the damaged areas and areas that did not damage, as 

shown in Figure 9. Microstructure and hardness tests were conducted on two points, namely the area of 

tubes that were damaged and the area of tubes that were not, as shown in Fig. 9a and 9b. At Location, A 

Fig. 9 b), the microstructure with lengthwise cut (locations 1, 2 and 3) was in the form of ferrite (white) and 

pearlite, which transformed into a dispersion of pearlite at grain boundaries. At Location A, Fig. 10, the 

microstructure with lengthwise cut (locations 1, 2 and 3) was ferrite (white) and pearlite, which transformed 

into spheroidization of pearlite at grain boundaries. At Location B Figure 11, the microstructure with 

crossing cut (locations 1, 2, 3 and 4) was ferrite (white) and pearlite which transformed into spheroidization 

of pearlite at grain boundaries. At Location B Fig. 12, the microstructure (burst location) of sample 2 with 

crossing cut (1 and 3) was ferritic and at location 2 was ferrite-pearlite which transformed into pearlite 

spheroidization at the grain boundaries. At Location B Fig. 13, the microstructure samples (burst location) 

with crossing cut (1, 2 and 3) were ferrite and pearlite spheroidization at the grain boundaries. At Location 

B Fig. 14, the microstructure (burst location) of the sample 2 with lengthwise cut (1, 2 and 3) was in the 

form of ferrite and pearlite spheroidization at the grain boundaries. At Location C Fig. 16, the crossing cut 

microstructure (1, 2 and 3) was in the form of ferrite and pearlite spheroidization at the grain boundaries. 

At Location C Fig. 17, the microstructure of sample 1 had a lengthwise cut that extended outside in the 

form of ferrite and the middle (2) and the inside (3) in ferrite and pearlite spheroidization at the grain 

boundaries. At Location C Fig. 18, the microstructure of sample 2 with crossing cut (1) was in the form of 

ferrite and the middle (2) and the inside (3) was in the form of ferrite and pearlite spheroidization at the 

grain boundaries. At Location C Fig. 19, the microstructure of the sample 1 had a lengthwise cut extending 

outside in the form of ferrite and the middle (2) and the inside (3) in the form of ferrite and pearlite 

spheroidization at the grain boundaries. The phase degradation indicate that the tube has been experienced 

relatively high temperatures for a long time. 
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(a)            (a)                                                           (b) 

Fig. 9 - Tubes on a fireside. (a) Tubes which show bulging at boiler tube surface of the firesid; (b) 

Sampling for an examination of the microstructure and hardness test on tubes 

 

 

 

 

Location A: Sample 1 Crossing Cut 

 

Fig. 10 - Microstructure location A sample 1 cross-section (locations 1, 2, and 3) in the form of 

ferrite (white) and pearlite, which has been transformed into pearlite spheroidization at grain 

boundaries. Etching: nital 2%. 

 

 
Location A Sample 1 Lengthwise Cut 

 

Fig. 11 - Microstructure location A sample 1, lengthwise cut (locations 1, 2 and 3) in the form of 

ferrite (white) and pearlite which has been transformed into pearlite spheroidization at grain 
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boundaries. Etching: nital 2%. 

 

   
Location B Sample 1 Crossing Cut 

 

Fig. 12 - Microstructure Location B sample 1 crossing cut (locations 1, 2, 3, and 4) in ferrite 

(white) and pearlite has been transformed into pearlite spheroidization at grain boundaries. 

Etching: nital 2% 

 

 

   

Location B Sample 1 Lengthwise Cut 

 

Fig. 13 - The microstructure of Location B (burst location) sample 2 cross-sections (1 and 3) is 

ferritic and at location 2 is ferrite-pearlite which has turned into pearlite speroidization at the 

grain boundaries. Etching: nital 2% 

 

 
Location B Sample 2, Cross Section 

Fig. 14 - The microstructure of Location B (burst location) samples 2 crossing cut (1, 2 and 3) in 
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the form of ferrite and pearlite spheroidization at the grain boundaries. Etching: nital 2% 

 

 
Location B Sample 2, Lengthwise Cut 

 

Fig. 15 - The microstructure of Location B (burst location) sample 2 lengthwise cut (1, 2 and 3) in 

the form of ferrite and pearlite spheroidization at the grain boundaries. Etching: nital 2% 

 

 
Location C Sample 2, Cross Section 

 

Fig. 16 - Microstructure Location C sample 2 crossing cut (1, 2 and 3) in the form of ferrite and 

pearlite spheroidization at grain boundaries. Etching: nital 2% 

 

 

 
Location C Sample 1, Lengthwise Cut 

 

Fig. 17 - Microstructure Location C sample 1 lengthwise cut of ferritic and middle part (2) and 
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inner part (3) of ferrite and pearlite spheroidization at grain boundaries. Etching: nital 2%. 

 

 

 
Location C Sample 2, Crossing Cut 

 

 

Fig. 18 - Microstructure Location C sample 2 crossing cut (1) in the form of ferritic and in the 

middle (2) and the inside (3) in the form of ferrite and pearlite spheroidization at the grain 

boundaries. Etching: nital 2% 

Location C Sample 2, Lengthwise Cut 

 

 

 

 

 

 

 

 

Fig. 19 - Microstructure Location C sample 1 lengthwise cut of ferritic and middle (2) and inner 

(3) of ferrite and pearlite spheroidization at grain boundaries. Etching: nital 2% 

 

3.6. Analysis of Microstructure of Standard Tube Material 

In Fig. 20 dan Fig. 21 showed the microstructure material of standard intact water tubes boiler (ASTM 

A213 T12). Samples 1 and 2 of the crossing cut and lengthwise cut (locations 1, 2 and 3) were ferrite 

(white) and pearlite (black). The intact tube shows have no degradation phase, so that it can be used as a 

reference to comparison. 
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Standard material of Tube Sample 1 

 

Fig. 20 - The microstructure of the normal sample tube 1 crossing cut (locations 1, 2 and 3) was 

ferrite (white) and pearlite (black). Etching: nital 2% 

 

Standard Tube Material Sample 2 

 

Fig. 21 - The microstructure of the normal sample tube 2 pieces lengthwise (locations 1, 2 and 3) in 

the form of ferrite (white) and pearlite (black). With fine grains resulting from the formation 

process. Etching: nital 2% 

 

 

4. CONCLUSIONS AND SUGGESTIONS 

4.1 Conclusions 

Sequences of failure can be outlined as follows based on the study and conclusions made on the root cause: 

a. The results of the analysis of visual observations showed that the boiler tube is damaged in the 

shape of a fish mouth. There has been overheating. This is an indication that there is overheating that 

can cause bulging during the operation in the tubes. 

b. Results of hardness testing showed that ruptured tubes have lower hardness than the undamaged 

tubes. Under these conditions, the damaged tubes were softened (annealing). This is corroborated by 

the tensile strength testing results, which showed that ruptured tubes have a lower tensile strength 

than in the intact ones. 

c. The chemical composition testing results of the tubes that failed experienced some element 

degradation, such as; C, Mn, Ni, Cr, Ti, Mo and Cu, which will reduce the physical and mechanical 

properties of the tubes’ material. 

d. Based on the results of tube crust analysis. The dominant elements in the crust/deposit inside and 

outside tube are solid that tends to form a crust precipitated calcium carbonate (CaCO3 ), calcium 
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sulfate (CaSO4 .2H2 O), magnesium carbonate (MgCO3 ) and deposit of strontium sulfate ( SrSO4 ) 

which has a low forming intensity, besides other scale deposits, such as iron carbonate (FeCO3 ) and 

iron sulfide (FeS). 

e. The microstructure analysis results ruptured tubes change ferrite and pearlite become 

spheroidizing of pearlite at grain boundaries. On the contrary to the microstructure of intact tubes 

material, which was in the form of ferrite pearlite with a fine grain. 

f. Overheating occurs as a result of heat transfer prevention in the tubes is inhibited in the presence 

of deposit (crust) either inside or outside of the insulator tubes. 

 

4.2 Suggestion 

It is necessary to research the phenomenon of deposits (scale) that occur both inside and outside the tubes. 

It is necessary to test the quality of the feed water (Feed Water Composition) used in the boiler operation 

process. It is necessary to analyze the quality of fuel (coal) to avoid corrosion on the boiler water tubes' 

outer surface. 
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