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Project Objectives

To develop In-situ corrosion monitoring sensors
for corrosion of USC boiler tubes In next
generation coal-based power systems

To develop thermal-electric based energy
harvesting and telecommunication devices for
the self-powered wireless ready sensor system



Current Milestones

July to September 2011
Initiate preliminary high-temperature  electrochemical
corrosion rate (ECR) probe design

October to December 2011

To complete the design and construction of (ECR)
probe for l|lab scale corrosion experiments and to
complete laboratory test configuration

January to March 2012

To demonstrate the results of the corrosion tests as a
function of exposure time, temperature and various
simulated boiler exposure environments In lab-scale
setting



Project Milestone Status
July to September 2011

High temperature electrochemical corrosion
rate (ECR) probe for lab scale corrosion
experiments has been designed and

constructed.



Developed High Temperature Corrosion
Sensor

Counter electrode
Reference electrode

Working electrode 1 & 2
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Ag/Ag+/Fused-Quartz
Reference Electrode

Fused quartz tube

Mixture of Ag,SO, and Na,SO,




Time Dependency of the Potential of
Ag/Ag*/fused-quartz Reference Electrode In
Synthesis Coal Ash Mixture at 800 °C
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Project Milestone Status
October to December 2011

Construction of custom-designed coal ash
exposure unit for lab-scale corrosion
experiments has been completed in WVU.



Laboratory Test Configuration
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Project Milestone Status
January to March 2012

Coal ash corrosion behaviour of nickel- based
Superalloy IN740-1 in synthetic coal ash

mixture at 800 C as a function of exposure
time



Corrosion In Coal-Fired Bollers

In the Upper Furnace

Higher Steam Temperature and Pressure
Deposit-induced Liquid Phase Corrosion

|

In Superheater/Reheater alloys

In the Lower Furnace

Low-NO, combustion produces H.,S in the flue gas and
FeS in the deposit due to incomplete combustion of the
sulfur-bearing species in coal

l

on Waterwalls of the Boiler Tubes



Coal Ash Corrosion Mechanism
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Formation of molten alkali iron sulfates
(Na, K),Fe(SO,),

and fluxing away of protective oxide film Direct reaction between

bare metal and reduced
sulphate species




IN 740-1 Ni-Base Superalloy

Co Mo Nb Al Mn Ta Ti W Si




Intermetallic Phases in
IN 740-1 Ni-Base Superalloy

Ni, Ni,(AITi), Ni;Nb, Ni.Ti
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Corrosive Media
For Coal Ash Corrosion

Synthetic Flue Gas

15 CO, + 4 O, + 1SO, + 80 N,

Coal Ash Mixture

mp=800 C

- SI0,, Al,O4, and Fe,O4 In the ratio of 1:1:1 by weight

mp=1600 C mp=2027 C mp=1566 C
- Na,SO, and K,SO, In the ratio of 1:1
by weight mp= 880 C mp= 1067 C



Electrochemical Technigues
Used to Study Corrosion

Open Circuit Potential (OCP) Measurement
Linear Polarization Resistance (LPR)
Electrochemical Impedance Spectroscopy (EIS)
Electrochemical Noise Analysis (ENA)



OCP for Deep Molten Coal Ash Corrosion
of IN740-1 Alloy at 800 C

Without Synthetic Flue Gas With Synthetic Flue Gas

E (4 (AgiAg+)
E (¥ vs (Ag/Ag+))

OCP = - 274 mV vs. Ag/Ag* OCP = -497 mV vs. Ag/Ag*




E...and I, Values for Deep Molten Coal
Ash Corrosion of IN740-1 Alloy at 800 C
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Electrochemical Impedance for Deep Molten
Coal Ash Corrosion of IN740-1 Alloy at 800 C

After 2 h
O Measurement
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The transport of the oxygen to the alloy surface and the formation of a oxide scale



Electrochemical Impedance for Deep Molten
Coal Ash Corrosion of IN740-1 Alloy at 800 C

Forming a porous scale in molten salts and the corrosion of the alloy is
controlled by diffusion of the oxidant in the melt




Electrochemical Impedance for Deep Molten
Coal Ash Corrosion of IN740-1 Alloy at 800 C

After 168 h
O Measurement
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The corrosion of the alloy is controlled by diffusion of the ions through the scale
after forming a compact scale




Bode Plots for Deep Molten Coal Ash
Corrosion of IN740-1 Alloy at 800 C
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Typical Potential Noise Signatures from Deep Molten
Coal Ash Corrosion of IN740-1 Alloy at 800 C
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Typical Current Noise Signatures from Deep Molten
Coal Ash Corrosion of IN740-1 Alloy at 800 C

After 24 h After 72 h
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Typical Noise Impedance from Deep Molten Coal Ash
Corrosion of IN740-1 Alloy at 800 C

After 24 h After 72 h




Noise Resistance for Deep Molten Coal
Ash Corrosion of IN740-1 Alloy at 800 C

Exposure Time Noise Resistance (R,)

(h) (kW)

Pit initiation 1.46

Pit propagation 30.13

Stable pit formation 112.183




Pitting Index for Deep Molten Coal Ash
Corrosion of IN740-1 Alloy at 800 C
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Stern-Geary Linear Approximation
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Rp = Resistance obtained from the LPR and EIS techniques
Rn = Resistance obtained from the EN
B = Stern-Geary constant

ba = Anodic Tafel constant
bc = Cathodic Tafel constant
lcorr = Corrosion current density

Corrosion rate (mm y 1) =

n = Number of electrons freed by the corrosion reaction
M = Atomic mass



Weight Loss Measurement

For thin coal ash film corrosion

For deep molten coal ash corrosion

Corrosion rate (mm y1) =

W, = Weight of test sample before test, g

W, = Weight of test sample after test, g

B = Weight loss of blank, g (the average weight loss from 3 unused and
clean sample was used as the blank correction)

= Surface area of sample, cm?

= Exposure time, day

A
t
r Density of alloy



Weight Loss Rates for Deep Molten Coal

Ash Corrosion and Thin Coal Ash film
Corrosion of IN740-1 Alloy at 800 C




Corroded Surfaces for Deep Molten Coal Ash
Corrosion of IN740-1 Alloy at 800 C




Oxide Layer Formation
on Corroded Surfaces for Deep Molten Coal
Ash Corrosion of IN740-1 Alloy at 800 C




Oxides Formation
on Corroded Surfaces for Deep Molten Coal
Ash Corrosion of IN740-1 Alloy at 800 C
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Corroded Surfaces for Deep Molten Coal Ash
Corrosion of IN740-1 Alloy at 800 C

With Synthetic Flue Gas
After 1 weeks After 2 weeks




Molten Alkali Iron Sulfate Formation
During Deep Molten Coal Ash Corrosion of
IN740-1 Alloy at 800 C
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Pits Formation
on Corroded Surfaces for Deep Molten Coal
Ash Corrosion of IN740-1 Alloy at 800 C

After 1 Week After 2 Weeks

Without Synthetic Flue Gas

With Synthetic Flue Gas




Corrosion Products in Coal Ash
from Deep Molten Coal Ash Corrosion of
IN740-1 Alloy at 800 C




Corrosion Products in Coal Ash
from Thin Coal Ash Film Corrosion of
IN740-1 Alloy at 800 C

After 2 weeks After 3 weeks After 4 weeks
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