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Presenter

Experience:
ï Bachelor of Applied Science (Mechanical Engineering) from the 

University of British Columbia, Canada.

ï 8.5 years in an Oilsand Upgrading plant in Norther n Alberta, Canada.

ï 1.5 years as a project engineer

ï 3 years as a maintenance engineer

ï 3 years and the maintenance engineering team leader

ï 1 year as an associate engineer focused on failure analysis and 
fitness for service

ï ~1 year with the Equity Engineering Group as a senior engineer in the 
fitness for service group.
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Purpose of the Presentation

ÅPurpose:
ï To provide some examples of waste heat boiler (WHB) 

reliability issues, including a discussion of damage 
mechanisms and inspection techniques.

ï To highlight some of the common engineering analyses 
that are used for design and to assess Fitness for Service

ï To highlight the criticality of some basic design, 
maintenance, and inspection issues.

ÅSources:
ï Personal previous experience (issues with 10 different 
WHBôs over a number of years)

ï E2G historical job files
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Presentation Overview

Å Introduction

Å Basic WHB overviews

Å Damage Mechanisms

Å Case Histories

Å Fitness for Service Considerations

Å Summary
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Introduction

ÅSo what about WHBôs?

ïHigh process temperatures, 1400 -2200 ° F

ïDifficult thermal design considerations managed using 
multi -material refractory/ceramic systems

ïRich hydrogen sulphide (H 2S) and hydrogen (H 2) 
environments.

ïDifficult to inspect due to refractory systems

ÅPlan to touch on 2 main types of WHBôs:

ïSulfur plant (Claus) reaction coolers

ïHydrogen reformer, furnace outlet coolers
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Basic Reaction:  2H2S + O2Ą S2 + 2H2O  

WHB Overview ïSulfur Plant

Å Basic Claus Process Plant
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WHB Overview ïSulfur Plant

Waste Heat Boiler

Checker Wall

Refractory Face 
on Tubesheet

Tubesheet

Burner

Choke Ring

Å Checkerwall in place to promote mixing, stabilize flame, 
and to prevent flame impingement to some degree .

Å Choke ring in place to promote mixing



8

WHB Overview ïFerrule Types

Å Hex head type versus ferrule and castable refractory.
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WHB Overview ïSulfur Plant
Details

Å Air/ Tailgas mixture burned at 2100 -2200 ° F (1150 -
1200 ° C)

Å 2 main types:  watertube and firetube

Å Reaction furnace usually coupled directly to WHB 
(flame ñseesò the WHB tubesheet .)

Å Usually carbon steel construction

Å Waste heat generally used to generate steam

Å Internally protected with refractory and brick

Å Tubesheet usually employs a refractory/ferrule system
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WHB Overview ïSulfur Plant
Damage Mechanisms

Å Sulfidation :  

ïCorrosion of steel at elevated temperatures from 
reaction with sulfur compounds.   

ïGenerally at temperatures above 500 ° F.

Å Refractory Degradation:

ï Failure of the ferrule system is of particular concern as it 
enables hot gases to get to the tubesheet .

Å Oxidation:

ïCorrosion in the presence of oxygen creating an oxide 
scale. 

ï For carbon steel, becomes significant >1000 ° F.  

ï For stainless steel, becomes significant >1500 ° F.
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WHB Overview ïH 2 Reformer
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WHB Overview ïH 2 Reformer
Details

Å Methane gas, steam mixture reacted at >1400 ° F 
(760 ° C).  Get H 2, CO, and steam.

Å First exchanger on furnace outlet recovers waste heat, 
generally for steam production.

Å Usually carbon steel construction

Å Internally protected with refractory and brick

Å Tubesheet usually employs a refractory/ferrule system
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WHB Overview ïH 2 Reformer
Damage Mechanisms

Å High Temperature Hydrogen Attack (HTHA):  

ïHTHA results from exposure to hydrogen at elevated 
temperatures and pressures. 

ïHydrogen reacts with carbides in steel to form methane 
(CH4) which cannot diffuse through the steel. 

ï For a specific material, HTHA 
is dependent on temperature, 
hydrogen partial pressure, 
time and stress. Service 
exposure time is cumulative.

ïCan ñlookò similar to creep 
damage 
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Case History #1 - Sulfer Plant WHB

Å New firetube style WHB, roughly 3.5 years old

Å Sulfur plant shutdown for regular inspection and 
maintenance.  

Å Internal inspection of reaction furnace found the 
checkerwall down, no other significant indication of 
damage.  

Å New WHB tubesheet ferrules and refractory appeared 
to be in good condition

Å Upon restart of the unit, attempting PSV lift tests, could 
not get the boiler pressure to ~200 psigémust be a 
water leak?

Å After re -entry into the reaction furnaceé
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Case History #1, Conôd

Staining from Leaking Tubes


