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EXECUTIVE SUMMARY 

The ability to monitor the corrosion degradation of key 
components in fossil fuel power plants is of utmost importance 
for Futuregen and ultra-supercritical power plants.  Fireside 
corrosion occurs in the high temperature sections of energy 
production facilities due to a number of factors:  ash deposition, 
coal composition, thermal gradients, and low NOx conditions, 
among others.  Problems occur when equipment designed for 
either oxidizing or reducing conditions is exposed to alternating 
oxidizing and reducing conditions.  This can happen especially 
near the burners pictured in Figure 1.  The use of low NOx 
burners is becoming more commonplace and can produce 
reducing environments that accelerate corrosion.  One method of 
addressing corrosion of these surfaces is the use of corrosion 
probes to monitor when process changes cause corrosive 
conditions.  In such a case, corrosion rate could become a 
process control variable that directs the operation of a coal 
combustion or coal gasification system.  Alternatively, corrosion 
probes could be used to provide an indication of total metal 
damage and thus a tool to schedule planned maintenance 
outages. 
 
The corrosion 

probe reported here is based on the use of 
electrochemical principles to monitor corrosion.  This 
electrochemical corrosion rate (ECR) probe uses the 
linear polarization resistance (LPR), electrochemical 
noise (EN), and harmonic distortion analysis (HDA) 
techniques to determine both general and localized 
corrosion. 

 
Figure 1- Possible locations for 
corrosion probes in boilers. 

 
Figure 2 – Electrochemical corrosion 
rate probe and mass loss coupons after 
the application of a layer of ash. 

 
An ash-coated three-sensor ECR probe is shown in 
Figure 2.  The ash was obtained from a municipal 
incinerator and was applied as a slurry with methyl 
alcohol.  Analyses showed high concentrations of 
corrosion-causing elements such as S, Cl, Pb, and K.  
The test environment consisted of 68 vol% N2, 15 vol% 
H2O, 9 vol% O2, and 8 vol% CO2 at 500ºC where 
exposure periods ranged from 120 to 400 hours. 



 
Tests were designed to determine the quantitative nature of ECR probes and involved exposing not only  

the ECR probe but also ash-coated mass loss coupons to the 
corrosive environment, Figure 2.  The quantitative nature of 
the ECR probes is determined by comparing ECR corrosion 
rates to the mass loss corrosion rates and also to corrosion 
rates determined using optical profilometry of the corroded 
probes.  An example of an optical profilometry analysis of a 
corroded ECR probe is given in Figure 3.  A technique is 
being refined to allow the measurement of metal volume lost 
due to corrosion with the optical profiler based on having a 
surface reference point on the ECR probe that does not 
change during the test.  Metal volume loss will be converted 
to a corrosion rate for comparison to other measured 
corrosion rates. 

 
Figure 3 – Optical profile of a 500 µm 
wide strip of the corroded surface of a 
304 SS ECR probe. 

 
Corrosion data in Figure 4 were collected using the 
SmartCET Corrosion Measurement system(1).  Figure 4 is an 
example of actual data as displayed and collected every 7 
minutes.   

 
The data in Figure 4 shows that the ECR probes can be sensitive to changes in gaseous composition, and 
can show increasing and decreasing corrosion 
rates when conditions change appropriately.  The 
breaks in data in Figure 4 (where corrosion rate 
goes to zero) occurred when the corrosion 
monitoring system was disconnected and the 
PAR 273 was connected to conduct 
measurements using a different system.  An 
additional goal of this research was to show that 
similar corrosion rate data could be collected 
using the same standard electrochemical 
techniques and standard electrochemical 
equipment such as a Princeton Applied Research 
PAR 273A potentiostat/galvanostat, controlled 
by computer using Corrware(2) software.  The fact 
that the data continued at approximately the same 
slope after reversing the connections shows that 
the ECR probe is not easily polarized.  Corrosion 
rates measured with the PAR 273A using LPR and potentiodynamic (PD) polarization techniques 
compared very well to those measured using the SmartCET system.  Raw data from the LPR and PD 
techniques shows typical electrochemical response. 

 
 
Figure 4 – Data displayed during an ECR probe 
test. 

 
Data collected to date suggests the following: (1) the use of an electrochemical technique to monitor high 
temperature corrosion is justified; (2) these techniques appear to measure corrosion rates that are very 
similar to actual mass loss corrosion rates; (3) corrosion rates measured using the PAR 273A compare 
favorably with those measured using the SnmartCET system; and (4) the ECR probe seems to be sensitive 
to small changes in corrosive conditions at high temperatures in a simulated boiler fireside environment. 
                                                 
(1) InterCorr International, Houston, TX, USA. 
(2)Scribner Associates, North Carolina, USA. 
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