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IS for Alloy 22

applicability of the Polarization Resistance
and the Electrochemical Impedance method
corrosion rate measurements of passive alloys

Determine Uniform Corrosion Rate of Alloy 22




sts for Alloy 22

(Heat: 2277-8-3175) Polished
finish

surface area

quipment: Standard Electrochemical Test
Cell with condenser, counter electrode,
reference electrode, thermometer,
thermocouple, housed in a Faraday cage

Solartron 1260 & 1287
CorrWare Software

zPlot & zView Software




or Alloy 22

mV vs. Open Circuit Potential

0.1, 0.01, 0.005, & 0.001 mV/s




for Alloy 22

B.=0.030 to 0.120 V
0.00327 x i, x E.W.

yo,

Corrosion Rate (C.R.)=
C.R. [=] mm/yr
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y = 5.72257E-06x + 3.00647E-07

R? = 5.20044E-03

0.022

Rp = 1.7475 x 10°Q cm?
i =2.9803 x 107 A/ cm?
C. R.=0.00292 mm/yr




or Alloy 22

0.00327 i

Jo,
E. W. = Equivalent Weight = 26.04

EW

corr

p = Density = 8.69 g / cm’

Data: + 30 mV to +40 mV vs. O.C.
Potential

B. Data: + 40 mV to +60 mV vs. O.C.
Potential




C22lpr47 (Method II)
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C. R. = 0.00349 mm/yr C. R. = 0.00469 mm/yr




Corrosion Rate vs. Temperature
Polarization Resistance Test
B Corrosion Rate Calculated Using Method I
Data: -5SmV to +5SmV vs. Open Circuit Potential
Alloy C-22
Deaerated
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Corrosion Rate vs. Temperature

Polarization Resistance Test
— Corrosion Rate Calculated Using Method II
Data: +40mV to +60mV vs. Open Circuit Potential
0.004 — Alloy C-22
- Aerated (79% N,, 21% 0,, 0% CO,)
Rate =0.001
00036 Scan Rate =0.001 mV/second
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Corrosion Rate (mm/yr)
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Corrosion Rate vs. Scan Rate
Corrosion Rate Calculated by Method I (Notebook 520, pg. 11)
Scan: -5 mV to +5 mV vs. Open Circuit Potential

Temperature = 80°C

Alloy C-22 Heat: 2277-8-3175

Deaerated with 99.999% N,
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20000 Hz
0.001 Hz or 0.0001 Hz
er Decade: 10

tegration Time: 5 Seconds

Delay: 2 Seconds

Circuit:




e

c(wxi)f
onent of Impedance ¢ = Capacitance
ary Component of Impedance o = Frequency
i=-1

P = CPE characterization term

Activation Energy:

d(In(Corrosion Rate[mm/yr]) -E,
d(1/T[K]) "R

E. = Activation Energy [=] kJ / mol

R = Gas Constant =8.314 kJ / mol- K




esistance of Inner Oxide Layer vs. Temperature
Electrochemical Impedance Test

Range: 20000 Hz. to 0.0001 Hz.

Alloy C-22

Aerated (79% N2, 21% 02, 0% CO2)
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Electrochemical Impedance Test
Range: 20000 Hz. to 0.0001 Hz.
Aerated (79% Ny, 21% O,, & 0% CO,)

Equation In(Y) =-5151.06998 * X + 6.803433912
Alternate Y = exp(-5151.06998 * X) * 900.9357201
Number of data points used = 5

— Average X =0.00302077

Average In(Y) = -8.75676

Residual sum of squares = 0.53662

Regression sum of squares = 7.16836

Coef of determination, R-squared = 0.930354
Residual mean square, sigma-hat-sq'd = 0.178873

1E-005 — \ ‘ \ ‘ \ ‘ \ ‘

0.0026 0.0028 0.003 0.0032 0.0034
1/T(K)

Calculated Activation Energy: 42.8 kJ/mol




for Alloy 22
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IS for Alloy 22

cal Impedance

ar to passive current density method,

cuit must have basis in physical properties of the




work performed by the Center for
ulatory Analyses (CNWRA) for the U.S.
ory Commission under Contract No. NRC—-
. The activities reported here were performed on
the NRC Office of Nuclear Material Safety and
uards, Division of Waste Management.

This paper is an independent product of CNWRA
and does not necessarily reflect the views or the regulatory
position of the NRC.

19



	Projects
	Polarization Resistance Tests for Alloy 22
	Polarization Resistance & EIS for Alloy 22
	Polarization Resistance & EIS for Alloy 22
	Acknowledgements

