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Boiler Tube Failures



Cost of Boiler Tube Failures



Tube Refurbishment Strategies
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Fatigue



Fatigue
 Gas pass tube vibrations can result in both fretting damage, and fatigue to 

tubes if the support structure is not optimised for the gas flow.
 Can be influenced through fouling and gas laning within the stage.



Pressure Parts Failure; Mechanistic Causes
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 Active species determined by tube metal 
temperature and fuel chemistry – S, Cl, Alkali 
Metals, Heavy Metals.

 Monitored through visual/tactile surveys and 
strategic tube wall thickness checks.

 Refractory also employed to protect tubing, 
although this can sustain unacceptably  high 
temperatures in flue gas at later stages

Fireside Corrosion



Fireside Corrosion (Coal) 

 Furnace wall (combustion zone)
 Gaseous mechanism
 Reducing (low O2) environment a necessary pre-

requisite (often associated with flame impingement)
 Fuel sulphur and chlorine worsen wastage rate 

where low O2 persists
 Temperature and heat flux important parameters
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Fireside Corrosion 



Fireside Corrosion
 Evaluation of candidate materials through 

site specific probe studies and/or 
installation of ‘rainbow’ tubes.

 Example; Attack by alkali chlorides when 
firing a biomass fuel.

 Marked effect of operating temperature.
 Benefit of IN625 weld overlay over plain 

T22. 
 Weld overlays still not fit and forget!
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Fireside Corrosion

Corrosion of IN625 
weld overlay



Fireside Corrosion
Mitigation:
Tube life extension through alternative materials –
monobloc, overlay or thermally sprayed
Quality Control applied during manufacture / 
installation can strongly influence the longevity of 
materials within the boiler. This is particularly true of 
products applied in-situ



Dew Point Corrosion

 Temperature control issues towards the boiler 
exit can lead to issues with dew point 
corrosion

 Boiler control systems should automatically 
compensate for low temperatures at 
economiser BUT systems are not always 
perfect

 If gas exit temperatures not managed 
properly, then rapid corrosion can occur, 
necessitating stage replacement



Pressure Parts Failure; Mechanistic Causes
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Soot Management



Erosion-Corrosion 
 Tubes developing mechanically weak/defective corrosion 

scales can experience enhanced wastage through the 
synergistic action of corrosion and erosion. 

 Chlorine is almost invariably the active corrosion species.
 Sootblower erosion and/or local increases in flue gas 

velocity (fouling/blockages) can exacerbate metal loss. 
 Corrective measures usually involve upgrade to more 

corrosion resistant material.

Good scale (protective) Poor scale (un-protective) 
13CrMo44 15Mo3



Erosion-Corrosion

 If system not optimised, and 
operators trigger a clean too 
regularly, can cause significant 
erosion damage to tubing

 Intelligent control systems available 
 Mid-life changes in fuel supply can 

strongly influence fouling 
characteristics – need to re-evaluate 
soot cleaning strategy following 
such changes.



Soot Cleaning
Systems
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Quality Control



Tube Failure Management
 Renew tubes wholesale – typically at planned outage on basis of known 

wastage rate to optimise maintenance strategy for reliability.
 Improve design of tube stage – Inevitably plant built to a cost, therefore 

optimisation of stage design (and materials employed) versus the original 
installation can potentially reduce maintenance burden.

 Selective tube renewal – Lead tubing inevitably encounters more severe 
conditions compared to more sheltered tubing within the bank, replacement of 
lead tubing can economically extend lifetime of stage prior to full replacement.

 Local repair – Typically undertaken in response to forced outages. Critical to
select correct repair procedure (overlay, tube insert) for failure mechanism 
and tube location.

 Improvement in repair quality – Ensure appropriate NDT applied to avoid 
early life failures. Critical when undertaking stage replacement to minimise 
‘bathtub’ failures.

 Change operational procedures – e.g. appropriate management of soot 
cleaning systems or gas exit temperatures.
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