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Materials For Industrial Heat Recovery Systems


Goal: Utilize improvements in materials to increase energy efficiency 
and process reliability in the Aluminum and Forest Products 
industries. 

Challenges: Current designs and materials used in recuperators on 
melting furnaces in the Aluminum Industry do not permit operation 
for the required period of time.  The Forest Products Industry would 
like to increase the capacity and operating pressures of recovery 
boilers.  In both cases the industries are dealing with problems 
associated with severe tube distortions, material overheating, and 
localized corrosion. 
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Materials For Industrial Heat Recovery Systems


Benefits: For the Aluminum Industry waste heat recovery could 
save 3.6 trillion Btu/year; for the Forest Products Industry an 
improvement of overall recovery boiler efficiency could save 7 
trillion Btu/year 

Potential End-User Applications: In the Aluminum Industry fuel 
usage would be reduced and in the Forest Products Industry more 
low cost electricity would be generated on new boilers and more 
pulp produced at mills with retro-fit boilers 

FY06 Activities:  Complete characterization of recuperator and 
recovery boiler materials, design and construct corrosion probe, 
continue laboratory and field testing 
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Materials For Industrial Heat Recovery Systems 

Pulp and Paper Industry 

uminum Industry 
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Materials For Industrial Heat Recovery Systems


Number Milestone Target Percent 

Date completed 

1 Complete final report on primary air port 6/30/05 85% 
cracks 

2 Complete characterization of materials 9/30/06 40% 

3 Complete modeling studies 3/31/07 20% 

4 Complete laboratory testing 3/31/07 0% 

5 Complete field testing 9/30/07 0% 

6 Complete final reports on recuperators, 12/31/07 0% 
mid-furnace corrosion and superheaters 
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Three Of The Project Tasks Address Paper Mill Recovery Boiler

Issues; One Concerns Primary Air Port Tube Cracking


lt 

Superheaters 

d-furnace 

Sme
spouts 

Mi

Primary air 
ports 

8 



Cracks In Co-Extruded Primary Air Port Tubes Have A

Potential To Rupture And Lead To A Boiler Explosion
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Measurements Have 
Shown An Association 
Between Temperature 
Variations And Cracking
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Without Cracking With Cracking

Thermocouples mounted on the tubes forming 
primary air ports provide valuable information on 
the likelihood of tube cracking



One Approach To Prevent Cracking Is To Use An Alternate,

More Crack-Resistant Material For Tube Cladding


� Studies have considered the current material and three alternates 

- Co-extruded 304L stainless steel/SA210 carbon steel (current) 

- Co-extruded modified alloy 825/SA210 carbon steel 

- Co-extruded alloy 625/SA210 CS 

- Weld overlaid alloy 625 on CS 
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Studies Have Also Been Directed Toward Finding

The Cause Of The Temperature Fluctuations


� A camera was designed and built to permit viewing the fireside 
surface of air port tubes during boiler operation 

� Field tests were conducted to determine the role of bed height, 
liquor spray pattern, liquor temperature, etc. on temperature 
fluctuations 

� CFD modeling was used to predict temperatures, gas velocities, 
liquor trajectories, etc. for various operating conditions 

� Studies also addressed the effects of temperature fluctuations 
on the microstructure and the residual stresses in the tubes and 
the role of these stresses on crack propagation 
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Conclusions From Primary Air Port Studies


�	 The relationship of severe temperature fluctuations with cracking of 
primary air port tubes has been well documented 

�	 A combination of thermocouple measurements, in-bed camera 
observations, and process modification trials shows that a combination 
of parameters control generation of temperature fluctuations 

�	 Critical parameters for minimizing fluctuations include maintaining 
sufficient primary air jet momentum to keep the bed away from the 
walls, switching from wedge to splashplate nozzles to minimize 
spraying on the walls, and modifying black liquor properties to promote 
burning in suspension 

�	 Cycling a 304L composite tube to 600°C can change the stress state in 
the carbon steel so that stresses at the interface are tensile allowing 
cracks to advance into the carbon steel 

�	 With a cycle to 600°C, the stresses in an alloy 825 composite tube 
remain compressive thus preventing crack advance into the carbon 
steel 
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Current Activities Around Mid-Furnace Corrosion


� CFD modeling appears to be capable of predicting

locations where mid-furnace corrosion will occur


� Process Simulations Limited is improving the CFD model

to predict near wall conditions


� IPST/Ga Tech is completing field measurements of gas

compositions and temperatures in a recovery boiler in a 

southeastern U.S. mill


� Plans call for validating the CFD model 
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For The Other Tasks, Work On Characterization Of

Materials And Environments Is Underway


18 

inum 

i i
i

i

i ion of 

is 

Degraded alum
furnace recuperator 
tubes after 6+ months 
exposure 

The leading tubes 
exper enced warp ng, 
th nning and cracking, 
and refractory 
protect ng the 
headers was lost 

Exam nat
degraded tubes and 
refractory
underway 



In Addition To Examination Of Degraded Recuperator

Tubes, Characterization Of The Environment Is Underway
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Temperature Measurements On Recuperator Tubes Show 
Cyclic Pattern That Could Accelerate Degradation
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One Mill With A Superheater Tube Cracking

Problem Provided Tubes For Examination
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On Four Tubes A Crack Was Found Just Below

The Support Structure Weld


Example of a crack that had advanced through about 20% of the superheater tube wall
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Short-term data show 
tubes/platens experience a 
predominately side to side 

swinging, and strains are not 
sufficient to cause failure by a 
mechanical fatigue mechanism
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Longer Term Data Show Tube/Platen Motion 
Corresponds To Sootblower Operations
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Future Plans


�	 For the aluminum furnace recuperator task, more extensive 
characterization of the tube environment is planned and the flow of flue 
gas will be modeled 

�	 For the recovery boiler primary air port task, the summary report will be 
completed and issued 

�	 For the superheater tube studies, vendors will be visited to document 
material selection and experience, a corrosion probe will be designed 
and constructed, CFD modeling will be continued, mill inspection visits 
will be continued, and laboratory testing will be initiated.  Collaboration 
with the SOTU project in Finland will be pursued. 

�	 For the mid-furnace corrosion task, mill inspection visits will continue, 
gas analyses will be conducted on an additional boiler, CFD modeling 
will continue and laboratory testing will be initiated 

�	 Quarterly reports will be provided, review meetings will be held, and 
presentations made for association conferences and industry groups 
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Commercializat on P ans, Pathways And R sks 
For prevent on of pr mary air port tube crack ng, a ternate mater
have been dent ed and operat ona  changes recommended.  These 
have been commun cated through presentat ons, publ cat ons and 
direct conversat ons and have been mplemented by many mills. 

For a um num furnace recuperators, once the env ronment has been 
well defined, a ternate mater s will be suggested, and, hopefully, 
nsta ed in a recuperator. 

For recovery bo er superheater tubes, cons derab e effort s needed to 
def ne the env ronment and the inf uence of bo er operat ng cond ons. 
Once the env ronment s better character zed, alternate mater als w
be ident ed for test ng in a boi er. 

For m d-furnace corrosion, a better understand ng is needed of the 
effect of operat ng cond ons on the env ronment of m d-furnace tubes. 

s w  enab dent cat on of a ternate mater als or changes in 
operat ng cond ons to avoid developing a corrosive env ronment. 

For the latter three tasks, commercia zat on w  depend on successfu
character zat on of the env ronment and effect of operat ng cond ons. 



Conclusions


�	 Although the mechanism of primary air port tube cracking is not 
completely defined, alternate materials and changes in operating 
parameters have been identified that should prevent or, at least, 
minimize cracking 

�	 Studies of recuperator tube degradation have been initiated, but 
considerably more information on the tube environment is needed 

�	 Superheater tube studies have been initiated, but the large variety of 
superheater designs and materials will require considerable 
documentation and characterization.  Collaboration with the SOTU 
project in Finland provides an opportunity to leverage our studies 

�	 Mid-furnace corrosion studies at IPST/Ga Tech provide a “running 
start” for this task, but studies need to be extended to additional mills 
and more information collected on the performance of alternate 
materials 
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