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ABSTRACT

The volume capacity of cooling water used in Taichung thermal power plant was about 300
m’. 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.
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*1. e TR E(A 106) i/ (Wit%e)
Table 1. The composition of carbon steel (A106) used as pipes. (Wt%)
C Mn P S Si Fe
0.35 0.29~1.06 0.025 0.025 0.1 Bal.
#2. AU < FYR R L R R TR B A N
Table 2. The characterizations of various bacteria
e BRI EIGEER p BEEHER) B B TR B RN B (cfu/mL)
B2 B 2L IR D BJP 0.5mm > 845 0 2% [FRAR
TPM-1  |Efifs : (e R ¢ B, 2mm Rk 23 FOTp| 9 1x10°
B : ik o R Bk
TPM-3  |Efift : (¢ JIR ¢ [E,1.5mm R B 23 7 1x10°
R - ik B Bk H0.7u
TPH-2 |BHfh : HE - JPIK ¢ EJE,lmm FHIR - AEENE
FERL - [BlIR > &% - 2% E15u > E05yu
TPH-3  |BHf : (I RSB RIEEERIR T FRAR
Fls5u &lu
TPH-5-2 |BAL - (e JEAK ¢ EZ.1.5mm TR - AEEE
L L BWR 0 OB B Fl5u 505y
TPH-7 B : HEL 0 JEIR ¢ EJE,2mm IR - AEENME
PR - [BIR - 088 2 FE1-151 > H05.

3.
Table 3.

filie SR EEL > FET A 7 R S S R B A s R

The equivalent simulated circuit of carbon steel

immersed in solution with inhibitor added

Rs(Q2) Ro(Q2)

Rct(Q2)

1350 90660

753900

%4,

HATPM-3 R > SFC AR SRS R

Table 4. The equivalent simulated circuit of carbon steel

immersed in TPM-3 bacteria solution

Rs(Q2) | Rb(QQ) | Ro(Q) | Ret(QQ)
1Kk | 331.6 181 476 578.3
2K | 295.1 221.2 5194 602.4
4K 380 312 665.7 1570
7K | 3602 286.7 617.1 1071
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*5S. TPM-3HHER + HIHIA] > S555Ea s A gt #*6. TPM-3#HE + IR + BB - 3
HEIR o EEPRPE BRI o
Table 5. The equivalent simulated circuit of Table 6. The equivalent simulated circuit of
carbon steel immersed in TPM-3 carbon steel immersed in TPM-3
bacteria solution with inhibitor added. bacteria solution with inhibitor and
bactericide added.
Rs(Q2) | Rb(Q) | Ro() | Ret(Q) Rs(€2) | Rb(Q2) | Ro(Q2) | Ret(€2)
1K 297 106 4064 8691 1K | 2124 8472 12775 152820
2K 252 276 7143 32745 2K | 2275 4475 7564 72820
4K 254 203 7410 35803 4K | 2256 6720 9853 100100
7K 327 265 6340 17413 7 K| 205.7 5762 8021 86132
*T. HATPH-THUBE - 55500 75 % A Bt #* 8. TPH-7HHE + I A - 55 SR b
Table 7. The equivalent simulated circuit Table 8. The equivalent simulated circuit
simulation of carbon steel immersed in simulation of carbon steel immersed in
TPH-7 bacteria solution. TPH-7 bacteria solution with inhibitor
added.
Rs(Q2) [Rb(Q2) |Ro(2) [Ret(QQ) Rs(€2) | Rb(Q2) | Ro(€2) | Rct(Q2)
1K |313 162 867 1455 1K 1| 2026 127 5158 7792
2K 275 10.8 75 332.8 2K 198 85 3554 4685
4K (3142 55.22 301.2 742.5 4K | 2304 24 1024 1358
7K |342.1 479 225.5 688.6 7K | 2204 3431 1762 1980
#9. TPH- 7 -+ HIH] A + 5 G - S5
RIS EEERG IR
Table 9. The equivalent simulated circuit
simulation of carbon steel immersed in
TPH-7 bacteria solution with inhibitor
and bactericide added.
Rs(Q) | Rb(Q2) | Ro(Q2) | Rct(Q2)
1K | 2326 541.2 2420 7275
2K | 2213 127.8 735 2733
4K | 152.6 11.83 448.6 1983
7K | 236.1 11.4 391.2 1623
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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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Figure 11 Comparisons of dynamic polarization
curves of carbon steel immersed in TPH-7
bacteria solution (ineffective on corrosion
resistance for bactericide).
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Figure 13 Equivalent simulated circuit of carbon
steel in bacteria solution.
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Figure 15 Corrosion potentials of carbon steel
immersed in TPM-1 bacteria solution after
7 days.
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Figure 12 Equivalent simulated circuit of carbon
steel in solution with inhibitor.
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Figure 14 Corrosion potentials of carbon steel
immersed in B2 bacteria solution after 7
days.
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Figure 16 Corrosion potentials of carbon steel
immersed in TPM-3 bacteria solution after
7 days.
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Figure 17 Corrosion potentials of carbon steel
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immersed in TPH-2 bacteria solution after
7 days.
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Figure 19 Corrosion potentials of carbon steel

immersed in TPH-5-2 bacteria solution
after 7 days.
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Figure 18 Corrosion potentials of carbon steel
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Figure 20 Corrosion potentials of carbon steel
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immersed in TPH-7 bacteria solution after
7 days.
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Figure 21 SEM micrograph of carbon steel Figure 22 SEM micrograph of carbon steel
after ultrasonic cleaning. immersed in B2 bacteria solution

for 7 days after ultrasonic cleaning.

23, ERIUGTPM- {7 K555 bR 24, R UG TPH-2HIET Kb
T imi < SEM ] o i < SEM [i]

Figure 23 SEM micrograph of carbon steel Figure 24 SEM micrograph of carbon steel
immersed in TPM-1 bacteria immersed in TPH-2 bacteria
solution for 7 days after ultrasonic solution for 7 days after ultrasonic
cleaning. cleaning.
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Figure 25 SEM micrograph of carbon steel
immersed in TPH-3 bacteria
solution for 7 days after ultrasonic
cleaning.
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Figure 26 SEM micrograph of carbon steel
immersed in TPM-5-2 bacteria
solution for 7 days after ultrasonic
cleaning.
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Figure 27 SEM micrograph of carbon steel
immersed in TPM-3 bacteria
solution for 7 days after ultrasonic
cleaning.
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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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Figure 29 SEM micrograph of carbon steel

immersed in TPM-3 bacteria
solution with inhibitor and
bactericide added for 7 days after
ultrasonic cleaning.
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Figure 31 SEM micrograph of carbon steel
immersed in TPH-7 bacteria

solution with inhibitor added for 7
days after ultrasonic cleaning.

-414-

30.

Figure 30
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Figure 32
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SEM micrograph of carbon steel
immersed in TPH-7 bacteria
solution with for 7 days after
ultrasonic cleaning.
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SEM micrograph of carbon steel
immersed in TPH-7 bacteria

solution with inhibitor and
bactericide added for 7 days after
ultrasonic cleaning.



