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ABSTRACT: The work aims to observe the corrosion characteristics of sulfate reducing bacteria (SRB)/saturated CO, on
anti-microbial corrosion pipe through experiments, so as to explore the effect of SRB on CO, corrosion. Through the bacterial
culture experiment in the biochemical incubator at a constant temperature of 40 ‘C, the 15-day growth curve of planktonic SRB
in the environment with and without saturated CO, was obtained by the method of blood plate counting. The effects of SRB,

saturated CO, and SRB + saturated CO, (three different environments) on the corrosion rate were obtained by immersion
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corrosion test in the biochemical incubator with a constant temperature of 40 ‘C. The surface morphologies after corrosion in
three different environments were analyzed by scanning electron microscope (SEM). The composition and phase composition of
corrosion products in three different environments were analyzed by energy dispersive spectroscopy (EDS) and X-ray
diffractometer (XRD). The corrosion electrochemical tests were carried out in a 40 ‘C water bath to study the effects of three
different environments on the corrosion of microbial corrosion pipes. The results of bacterial culture in the presence and absence
of saturated CO, showed that CO, could be used as a delayed carbon source for the growth of SRB and provide energy for the
secondary growth of SRB. The results of corrosion immersion test showed that the corrosion rate was the highest in saturated
CO, environment, the second in SRB environment and the lowest in SRB + saturated CO, environment. The results of SEM
analysis indicated that the corrosion product film formed in CO, environment showed serious cracking phenomenon, and the
corrosion was the most serious. Many bacteria gathered together in SRB environment and adhered to EPS to form a similar
network biofilm, which was more and relatively continuous than that in the SRB + saturated CO, environment. The results of
EDS analysis showed that in the environment containing SRB, the sulfur element detected in the environment was higher than
that in the aseptic environment due to the reduction of sulfate to H,S after the corrosion reaction of SRB, the reaction of H,S
with Fe?* to form FeS and the contact of a little FeS with air to form simple substance S. The results of XRD analysis showed
that in saturated CO, environment, the corrosion products were mainly in FeCOs, Fe,0; and Fe;0,, in the SRB environment, the
corrosion products were mainly FeS, FePS;, Fe;0,, Fe,0; and simple substance S, and in the SRB + saturated CO, environment,
only Fe diffraction peaks were detected. The electrochemical test results showed that in the three environments, the slope of
cathodic Tafel was larger than that of anode Tafel, and the corrosion was controlled by cathodic reaction. The whole corrosion
process was affected by CO, corrosion, normal bacterial growth and metabolism, and the film was easy to crack and fall off.
After immersion for 15 days, the polarization resistance showed the law of Rysrp)> RpsrB+satrated C0,) > Rp(co,) corrosion and
SRB corrosion affected each other. In SRB + saturated CO, environment, the formation of the biofilm improves the adhesion of
the corrosion product film, reduces the corrosive ions passing through the film, and slows down the corrosion, so the existence
of SRB can obviously inhibit the CO, corrosion of the anti-microbial corrosion pipe.
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Fig.4 Cross-sectional micro-morphology of anti-microbial corrosion pipe in different environments
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Fig.7 Nyquist and Bode diagrams of anti-microbial corrosion pipes in different environments
(a) Saturated CO, environment; (b) SRB environment; (¢) SRB+ saturated CO, environment
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Fig.8 Impedance equivalent circuit of anti-microbial corrosion pipe: a) 0 d saturated CO, environment and
SRB+saturated CO, environment; b) 1-15 d saturated CO, environment and 1-4 d SRB+saturated CO, environment;
¢) 0-15 d SRB environment; d) 7-15 d SRB+saturated CO, environment

®3 AEWEFRIEEE OB EIS HBIEEHER
Tab.3 Fitting results of EI'S when soaking timeis0d in different environments

Different R/ Yepr/ L/ R/ Ry/ Cy/ Ca/
environment (Q-cm?) (107*S-s"cm™?) NCPE (Q-cm?)  (Hem?) (Qcem?) (Qem?)  (Frem?)  (Frem™)
Saturated CO, 4.592 4.948 08441 1228 8.846 29.89 / / /
SRB 4.552 / / 597.9 / / 499.5  2.048x107* 3.402x107*
SRB+ Saturated CO,  6.92 6.592 08956  318.6 10 100 2265 / / /
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H % 3 AT, BRI 0 d B, ZEFN CO,.
SRB. SRBHIFll CO, % 3 FFREEF, (RetRy)srs™
ReysrB+inm co,>Reyium co o BiHH SRB X CO, J& il A4
HVEF , PUIA P08 T 4 S il fii 1) 76 CO, B h i
K, SRBHFI CO, g H Ik, SRB i/,
5 2 s R A A R — B

TEAR R PR A 1~15 d 1Y EIS A 45 5L it
BAFEN R ZAALHBE R, 43 L% 4—6. K5 IR FR

B R, BER )AL A S £, anlEl 9 iR .
4 A 9 AT WL, FEARLFN CO, BREE . 1~15 d JE iy~
Y BE (Re) 7F 308.5~797.1 Q-cm® W78k, 1~10 d
F i (586 FELFHE ( Re, ) 7E 4 757~6 384 Q-cm? W78k, 10d
ZJa, BmESE (Ry) KIFEH/NE 216.8 Q-cm’,
XHAHTE 1~10 d B, 1R CO, FRbEH i AL L BH R,
TR T A b 2 FhEREE, B LS Mok R /M. 10d 25,
R, K, Bk A IR BH T AR, 4 I bt e B

x4 TR COIMEHEISHESER
Tab.4 EISfitting resultsin saturated CO, environment

Time/d (Q%fnz) (S )s/f/ :?1/1*2) iy (gfrgz/) (S s{dé/mfz) Mal (Q]-ecC‘I;Z) (Q]%r/nz)
2.429 1.959%107* 1 689.9 2.554x107* 0.596 1 4757 5264.9
6 2.438%107* 0.945 5 797.1 1.853%x107* 0.503 8 6384 7181.1
1.775 5.609x107* 1 532.5 6.539x107° 0.661 9 5093 5625.5
10 5.26 9.448x107* 0.949 3 308.5 8.135x10°° 0.493 1 6 301 6 609.5
15 2.848 2.486x107° 0.902 402.4 1.735x107 0.562 2 216.8 619.2
*5 ZESRBHEFMEISHIEGHER
Tab.5 EISfitting resultsin SRB environment
Time/d RJ/(Q-cm?) Cy(F-cm?) Ry/(Q-cm?) Cy/(F-cm™?) R/Q-cm?) R,/(Q-cm?)
1 4.11 4.739x107* 338.6 1.005x107° 2128 2 466.6
4 0.755 8 1.461x1072 0.391 4 1.058x107! 4492 449.6
7 1.050 3.267x107 0.904 1 9.089x1072 582.2 583.1
10 1.849 3.210x1072 2.363 7.302x1072 737.3 739.7
15 0.876 0 4.662x1072 0.669 1 5.372x1072 1 661 1661.7
% 6 7£ SRB+ CO.MEHRMWEISHALER
Tab.6 EISfitting resultsin SRB+ saturated CO, environment
Time/d RJ(Q-cm?) Yy/Yp/(S's"ecm™>)  ngmy, R{R)/(Q-cm?)  Yy/(S's"cm™?) na R/(Q-cm®)  R/(Q-em?)
1 5.61 1.886x107*  0.939 8 2128 2.501x107*  0.957 1 914.2 30422
4 4.785 3.589x107*  0.971 241.4 7.605x107*  0.648 9 3317 3558.4
7 2.174 4131107 0.964 6 1209 4.859x10°  0.8374 18.6 1227.6
10 5.385 7.384x107°  0.755 23.7 2215%107%  0.9477 1883 1 906.7
15 5511 8.611x10° 09173 14.8 1.711x1072  0.710 8 1510 1524.8
025 e Saturated CO, 1% 5 FIE 9 Wl UL, 7E SRB s, 7655 1d, J§
sl . SRB+Saturated CO, = SR A A [T A L BEL R, Ay 338.6 Qe
o Bil4 dZJE, MFEMmARRY FeS BA FH M,
§ 015 k Yo/ T AR 58 el A I TR Y R T R BEL ), (i AS:
@ Ry, W 08/, 76 0.391 4~2.363 Q-cm® N84k . [ i},
S 0wl T 0 IR A 5 a7 0 R 2 4
ol WisEdE, BHAIET Fe JSUT OB TR, FHABA
0.05 - e S5 17 52 RN, SOl e AL s H B R 7EER 1 d
2128 Q-cm®, 5 4 d E /N E 449.2 Q-cm®, 4d
0 4 7 0 15 ZIGEWHH K 1661 Q-cm?, 7F SRB FREHAG#EA
Time/d R RIA, Ry /N T Re, FTLAMRALHIBE R, F 252

B9 Ry B il 7 1 i 2

Fig.9 Variation curve of R;l with time
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