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Introduction:

Several leaks observed in boiler water wall tubes after being in service for 22 

years. Design capacity was 137 T/h of steam at max pressure of 15.7 barg

and design temperature of 203 C. Steam operating temperature was about 

198 C. 

Carbon steel A -178 Grade A tubes were 50.8 mm in OD and wall thickness of 

2.9 mm. Steam drum thickness was 32 mm and water drum 20 mm. 

Boiler feed water treatment program based on trisodium phosphate, oxygen 

scavenger and anti -scalant . BFW inlet temperature was about 160 C. 

Portions of failed tubes received for lab examinations and analyses. 
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Figure 1: Close-up photos of 

split tube showing separate 

big (10 mm in height & 

diameters up to 12 mm) 

tubercles developed on ID 

surface exposed to hot gas.

EXAMINATIONS AND ANALYSES

VISUAL VIEWS OF INTERNAL SURFACES AS RECEIVED

Figure 2: Photographs showing through thickness hole on ID (A) and OD (B) after 

mechanical removal of hard tubercle. Note conical crater of hole on ID.
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Figure 3: ID sound surface 

showing the presence of 

uniform brownish layer with 

incorporated numerous 

bright particles.

Stereo Microscopy & Metallographic Examinations

Figure 4: Normal pearlite-ferrite microstructure of area next to the hole at OD, A,100X; B, 

1000X.
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Figure 5: BSE images of ID 

sound surface showing 

numerous big pyramidal crystals 

along with finer particles and 

EDX spectra detecting high O, 

Mg, P, Ca and Cu peaks  , (A, 

100X; B, 800X). 

Figure 6: EDX spectra of the sound surfaces showed in Figure 5 (A ïArea analysis ; (B)  

pyramidal crystals
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Figure 9: Distribution of the detected elements in the 

thin parallel plate-like crystals showing in Fig. 8. 
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Figure 7: Micrograph (SEM) of the 

tubercle top surface beneath of 

loose outer layer (A, 200X) and 

BSE image of its bottom surface (B, 

1000X). Note large whitish area 

rich in Cu and S (form EDX 

spectrum).   
BA

O Cu Mg P Ca Fe

22 18.7 2.8 2.5 3 51

O Cu S Fe

3 33 12 53

A B

Figure 8: Micrograph (SEM) of the tubercle top surface beneath of loose outer layer (A, 200X) and BSE 

image of its bottom surface (B, 1000X). Note large whitish area rich in Cu and S (form EDX spectrum).   


