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ABSTRACT
The volume capacity of cooling water used in Taichung thermal power plant was about 300

m3. The amount of microorganism was increasing with increasing time and the microbiologically
influenced corrosion (MIC) was also getting serious. Therefore, increasing the inhibitor
concentration and/or adding some bactericide is a feasible method to control MIC. Various kinds
of bacterial were found in the cooling water. In general, two categories including medium
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temperature germs and high temperature germs were separated. The corrosion characteristics were evaluated by
potentiodynamic polarization tests, AC-impedance tests, corrosion potential trends, and SEM observation.

It was found that the molybdate inhibitor and the bactericide was effective for medium temperature bacteria on
controlling the corrosion of A106 carbon steel tubes but was not effective for high temperature bacteria. After corrosion
test, the oxide film on carbon steel was degraded gradually with increasing corrosion time. With inhibitor and
bactericide added, the oxide film was sustained in medium temperature bacteria environment but it was degraded and
the steel was pitted in high temperature bacteria. Corrosion potentials of carbon steel were maintained at noble region
for effective controls but shifted to active region for ineffective controls. Also, the much higher electrical resistance of
germ layer, oxide layer, and double layer was found on effective controls and much lower on ineffective controls.

Keyword: Potentiodynamic polarization; AC-impedance; Ecorr trends.



[4] 50ppm

(MIC) 

2. 

A106 

1. 

(B2 TPM-1 TPM-3) (TPH-2 TPH-3

TPH-5-2 TPH-7) 

2. [5]

2.1 

15 

2.2 

(potentiodynamic

polarization technique)

AgCl 

1 mV/sec 500 mV 

900mV 

500 mV 

(Ecorr) (Icorr)

(Rp)

(Ecorr) (Ep) (Epp)

(Icorr)

2.3 

(EIS

M398 ) (EG G  Parc

Potentiostat) 5 mV 

10 KHz 10 mHz

(absolute impedance |Z|) 

(frequence f) Bode-plot (phase )

(frequence f) phase-plot

(real impedance component ZRe) 

(imaginary impedance component ZIm) 

Nyquist-plot EQU(Equivalent Circuit EC) 

2.4

AgCl 

(SHE) + 0.197 V

6 

( ) 

( ) 

2.5 SEM

(SEM JEOL JSM-

5400 Japan)

3. 

3.1 

1~ 3 B2

-403-



TPM-1 TPM-3 7 

( ) TPH-2

( 4) TPH-3 ( 6) TPH-5-2 (

8) TPH-7( 10) TPH-2 TPH-3 1 

TPH-3 ( 7)

TPH-2 ( 5) TPH-5-2 ( 9) TPH-

7 ( 11) TPH-7 7 

3.2 

12 

13. 

TPM-3 TPH-7

TPM-3 

TPH-7 

3 7 

12. 

Rs Ro Rct (Rs Ro

Rct ) TPM-

3 13. 

Rs Rb Ro Rct 

4.~ 6. (Rs Rb

Ro Rct )

7.~ 9. TPH-7 

13 

7 Ro Rct 

TPM-3 

Ro Rct TPM-3 Ro Rct 

TPM-3 

Rb TPM-3 

Rb 

TPH-7 Rb

Ro Rct 1 2 

1 2 

TPM-3 

TPH-7 

3.3 

7 

14.~ 20. 

B2 TPM-1 TPM-3 7 

14 15 

B2 TPM-1 

16 TPM-3 TPM-3 

TPH-2 TPH-5-2 

TPH-7 17 

TPH-2 

TPH-2 

19 TPH-5-2 

TPH-5-2 

TPH-5-2 

20 TPH-7 

TPH-7 

-404-

93 12



TPH-3 

18 TPH-

3 TPH-3 

3.4 SEM

1 

21 

B2 7 

22 

23 TPM-1 7 

SEM 

24 TPH-2

7 SEM 

25 TPH-3 7 

26 TPH-

5-2 7 

27 TPM-3 7 

SEM 

28 29 TPM-3 

7 SEM TPM-3 

7 SEM

TPM-3 

TPM-3 1~7 

Ro Rct ( 5. 6.)

30~ 32 TPH-7 7 

SEM 

4. 

1. 

TPH-3

2. 

Ecorr 

3. 

Rb Ro Rct 

4. SEM 

TPH-7 

5. 2. 3. Ecorr Rb Ro Rct

A106

(MIC) 

TPH-7 

1. V. Otieno-Alego, N. Huynh, T. Notota, S. E. Bottle,

and D. P. Schweinsberg, Corrosion Science, 41

(1999) pp. 685-697.

2.

2000 1-2

3. in 

301-302 

4.

2003 1 

5.

2000 18-19 

-405-



-406-

93 12

1. (A106) (wt%)

Table 1. The composition of carbon steel (A106) used as pipes. (wt%)

2.

Table 2. The characterizations of various bacteria

3. 7

Table 3. The equivalent simulated circuit of carbon steel

immersed in solution with inhibitor added

4. TPM-3

Table 4. The equivalent simulated circuit of carbon steel

immersed in TPM-3 bacteria solution
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5. TPM-3

Table 5. The equivalent simulated circuit of
carbon steel immersed in TPM-3
bacteria solution with inhibitor added.

6. TPM-3

Table 6. The equivalent simulated circuit of
carbon steel immersed in TPM-3
bacteria solution with inhibitor and
bactericide added.

7. TPH-7

Table 7. The equivalent simulated circuit
simulation of carbon steel immersed in
TPH-7 bacteria solution.

8. TPH-7

Table 8. The equivalent simulated circuit
simulation of carbon steel immersed in
TPH-7 bacteria solution with inhibitor
added.

9. TPH-7

Table 9. The equivalent simulated circuit
simulation of carbon steel immersed in
TPH-7 bacteria solution with inhibitor
and bactericide added.
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1. B2 7
(

)
Figure 1 Comparisons of dynamic polarization

curves of carbon steel immersed in B2
bacteria solution after 7 days (effective on
corrosion resistance for inhibitor and
bactericide). 

2. TPM-1 7
(

)
Figure 2 Comparisons of dynamic polarization

curves of carbon steel immersed in TPM-1
bacteria solution after 7 days (effective on
corrosion resistance for inhibitor and
bactericide).

3. TPM-3 7
(

)
Figure 3 Comparisons of dynamic polarization

curves of carbon steel immersed in TPM-3
bacteria solution after 7 days (effective on
corrosion resistance for inhibitor and
bactericide).

4. TPH-2
( )

Figure 4 Comparisons of dynamic polarization
curves of carbon steel immersed in TPH-2
bacteria solution (ineffective on corrosion
resistance for inhibitor).
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5. TPH-2
( )

Figure 5 Comparisons of dynamic polarization
curves of carbon steel immersed in TPH-2
bacteria solution (ineffective on corrosion
resistance for bactericide).

6. TPH-3 7
( )

Figure 6 Comparisons of dynamic polarization
curves of carbon steel immersed in TPH-3
bacteria solution after 7 days (ineffective
on corrosion resistance for inhibitor).

7. TPH-3 7
( )

Figure 7 Comparisons of dynamic polarization
curves of carbon steel immersed in TPH-3
bacteria solution after 7 days (effective on
corrosion resistance for bactericide).

8. TPH-5-2
( )

Figure 8 Comparisons of dynamic polarization
curves of carbon steel immersed in TPH-
5-2 bacteria solution (ineffective on
corrosion resistance for inhibitor).

9. TPH-5-2
( )

Figure 9 Comparisons of dynamic polarization
curves of carbon steel immersed in TPH-
5-2 bacteria solution (ineffective on
corrosion resistance for bactericide). 

10. TPH-7
( )

Figure 10 Comparisons of dynamic polarization
curves of carbon steel immersed in TPH-7
bacteria solution (ineffective on corrosion
resistance for inhibitor).
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11. TPH-7
( )

Figure 11 Comparisons of dynamic polarization
curves of carbon steel immersed in TPH-7
bacteria solution (ineffective on corrosion
resistance for bactericide).

12.

Figure 12 Equivalent simulated circuit of carbon
steel in solution with inhibitor.

13.

Figure 13 Equivalent simulated circuit of carbon
steel in bacteria solution.

14. B2 7

Figure 14 Corrosion potentials of carbon steel
immersed in B2 bacteria solution after 7
days.

15. TPM-1 7

Figure 15 Corrosion potentials of carbon steel
immersed in TPM-1 bacteria solution after
7 days.

16. TPM-3 7

Figure 16 Corrosion potentials of carbon steel
immersed in TPM-3 bacteria solution after
7 days.
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17. TPH-2 7

Figure 17 Corrosion potentials of carbon steel
immersed in TPH-2 bacteria solution after
7 days.

18. TPH-3 7

Figure 18 Corrosion potentials of carbon steel
immersed in TPH-3 bacteria solution after
7 days.

19. TPH-5-2 7

Figure 19 Corrosion potentials of carbon steel
immersed in TPH-5-2 bacteria solution
after 7 days.

20. TPH-7 7

Figure 20 Corrosion potentials of carbon steel
immersed in TPH-7 bacteria solution after
7 days.
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21. SEM

Figure 21 SEM micrograph of carbon steel
after ultrasonic cleaning.

22. B2 7
SEM

Figure 22 SEM micrograph of carbon steel
immersed in B2 bacteria solution
for 7 days after ultrasonic cleaning.

23. TPM-1 7
SEM

Figure 23 SEM micrograph of carbon steel
immersed in TPM-1 bacteria
solution for 7 days after ultrasonic
cleaning.

24. TPH-2 7
SEM

Figure 24 SEM micrograph of carbon steel
immersed in TPH-2 bacteria
solution for 7 days after ultrasonic
cleaning.
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25. TPH-3 7
SEM

Figure 25 SEM micrograph of carbon steel
immersed in TPH-3 bacteria
solution for 7 days after ultrasonic
cleaning.

26. TPH-5-2 7
SEM

Figure 26 SEM micrograph of carbon steel
immersed in TPM-5-2 bacteria
solution for 7 days after ultrasonic
cleaning.

27. TPM-3 7
SEM

Figure 27 SEM micrograph of carbon steel
immersed in TPM-3 bacteria
solution for 7 days after ultrasonic
cleaning.

28. TPM-3 7
SEM

Figure 28 SEM micrograph of carbon steel
immersed in TPM-3 bacteria
solution with inhibitor added for 7
days after ultrasonic cleaning.
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29. TPM-3
7 SEM

Figure 29 SEM micrograph of carbon steel
immersed in TPM-3 bacteria
solution with inhibitor and
bactericide added for 7 days after
ultrasonic cleaning.

30. TPH-7 7
SEM

Figure 30 SEM micrograph of carbon steel
immersed in TPH-7 bacteria
solution with for 7 days after
ultrasonic cleaning.

31. TPH-7 7
SEM

Figure 31 SEM micrograph of carbon steel
immersed in TPH-7 bacteria
solution with inhibitor added for 7
days after ultrasonic cleaning.

32. TPH-7
7 SEM

Figure 32 SEM micrograph of carbon steel
immersed in TPH-7 bacteria
solution with inhibitor and
bactericide added for 7 days after
ultrasonic cleaning.


