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An Electrochemical Study on the Flow Rate Effect on the Oxide Film of
SA106 Gr.C Piping
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Abstract

Effect of water flow rate on the oxide film of SA106 Gr.C piping was evaluated
quantitatively through electrochemical method. It was carried out with weight change
experiments, polarization tests, and EIS tests with rig that simulates water flow.
Without water flow, the oxide film is so stable that it effectively blocks current
exchange. With water flow, the oxide film was damaged and electrochemical current

density and oxide film properties, Caq and R, were significantly changed.
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Table 1. Chemical composition of SA106 Gr.C steel pipe

C Mn Ni Mo Cr Si P S \Y Al Cu
wt% | 0.19 | 1.22 | 0.11 | 0.03 | 0.05 | 0.27 |0.009|0.007 {0.004|0.029| 0.13
Table 2. Experiment matrix
Weight change test 8 71
Al 1) Polarization test 1 7
EIS test 1 7
1 atm, 80T 0 rpm
s A t = 10 hr, 15 hr 700 rpm
R R
0.1M Na2S04 solution 1100 rpm
. dgzo Gt oo do] FAAA F FA

A% 54

=

Weight change test

A9 A 24 A% 49 F 5449 v
(A9 87 i)

Polarization test

RT, 2d42% 4, 0.1M NasSO,; solution
Scan-rate : 0.5 mV/sec

Voltage : -15V 715V

EIS test

RT, 2434, 0.1M NasSO4 solution
Voltage amplitude : 0.2 mV

Frequency : 1 MHz ~ 0.1 mHz

Table 3. Result of weight change experiment at O rpm for the time

mi,avg mf,avg mavg
10 hr 4.5757 4.5763 +0.0006
15 hr 4.5920 4.5911 +0.0009

Table 4. Results

of mass change experiment for the water flow rate

Mi,avg M¢,avg Mavg
Orpm 4.5757 4.5763 +0.0006
700rpm 4.5745 4.5675 -0.0007
1100rpm 4.5957 4.5864 -0.0093




Table 5. Corrosion current density

10hr, Orpm

10hr, 700rpm

10hr, 1100rpm

Corrosion current
density(A/cm?)

9.61x 10°°

5.926x 107°

4.990x 107°

Table 6. Double layer capacitance and polarization resistance

No oxide 10hr, Orpm 10hr, 700rpm
C(F) 7.44x 107 5.85x 1072 4.44x 107"
Rp(Q) 192.87 4347.9 148.6
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Fig 1. Schematic illustration of test rig
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Fig 2. Schematic illustration of potentiostat setup
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Fig 3. Simple equivalent circuit for a corroding metal and equivalent circuit for a simple

corroding system with a solution resistance [3]
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Fig 4. Nyquist impedance plot for circuit [3]
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Fig 5. Result of mass change experiment for the time (0 rpm)
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Fig 6. Results of mass change experiment for the water flow rate (10 hr)

- 11 -



potential (V/SCE)

1.2 4

—— 10hr Orpm
——— 10hr 700rpm
—— 15hr Orpm

no oxide

1E-9

1E-8

1E7 1E-6 1E-5 1E-4 1E-3
current density (A/lcm?)

Fig 7. DC electrochemical results
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Fig 8. AC electrochemical results
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Fig 9. AC electrochemical results(magnified)
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