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ABSTRACT: The microbiologically influenced corrosion (MIC) behavior of L360N pipeline steel was studied in simulated
tight gas produced water mixed with condensate. The effect and mechanism of condensate on MIC behavior was explored by
conducting experiments.

Six groups of static immersion tests were carried out under different volume proportions of mixed condensate, and the
condensate concentration dissolved in water was measured by gravimetric method. The MPN method was used to count sessile
cells settled on coupon surface. The weight-loss and electrochemical measurements were applied to study the influence of
condensate on the corrosion rate and mechanism of L360N pipeline steel. The laser microscope was used to analyze pit depth of
coupons after removal of corrosion product. Investigation of the surface and cross-sectional morphology of corrosion product
was conducted by SEM. EDS and XPS were used to analyze the composition of corrosion product.

The MIC behavior was closely affected by the dissolution of condensate. And the condensate concentration in water
increased as volume proportion of condensate rose. The general corrosion rates in the presence of condensate were much lower
than those without it. But the occurrence of pitting corrosion was observed for all coupons under different conditions. It
indicated that the presence of condensate had a limited inhibition effect on pitting corrosion. With the existence of dissolved
condensate, there were still a large amount of sessile cells at above 10* cells/cm” for both SRB and FB. The SEM analysis
showed that all coupons were covered with biofilms with the composition of Fe,O; and FeS. It suggested that the metabolic
activity could not be completely prevented by the increase of condensate concentration, and the MIC was caused for all
conditions. From EDS analysis, the significant difference in S mass fraction was found among different analysis regions for the
same coupon. It indicated the increase of condensate concentration contributed to the formation of more heterogeneous biofilms
because of inhomogeneous distribution of sulfide, which was one of the reasons for pitting corrosion occurrence. It could be
seen from electrochemical measurements that although the electron transfer resistance (R obtained under various conditions
showed different levels, R, and corrosion current density (J..) for all conditions had similar orders of magnitude at the end of
testing. It demonstrated that the increase of condensate might promote MIC inhibition at the start of immersion, but could not
consistently hinder bacteria metabolism.

The influence of condensate on MIC behavior of L360N pipeline steel in simulated tight gas produced water was revealed.
The MIC occurred for all conditions and caused pitting corrosion. The reason for it was that the complete biofilm was formed on
all coupons surface that exposed to simulated produced water with different concentration of condensate. Then the conformable
environment under it was created for sessile cells to survive. Therefore, the metabolize of sessile cells was increasingly
enhanced and localized corrosion battery was formed gradually. And the increase of condensate concentration led to the
formation of biofilms with more heterogeneous structure, which could be one of mechanisms about pitting corrosion induced by
MIC as well.

KEY WORDS: microbiologically influenced corrosion; tight gas; condensate; biofilm; pitting corrosion
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Fig.1 Micro-structure of L360N material
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Tab.1 Composition of simulated tight gas produced water

g/L
KCl NacCl CaC12 Nast4 MgC12 NaHCO3
0.7 10 2.4 0.3 0.1 0.3
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Tab.2 Major properties of condensate in tight gas field

wt.%

C, Cs iCy nCy iCs nCs
0.0002 0.0050 0.0649 0.0841 0.4191 0.1944

Cs C, Cy Co Cio Cu+

1.1311  7.6411 20.176 6 158187 11.3122 43.152 4
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Tab.3 Testing results of condensate concentration dissolved in simulated produced water

mg/L
Volume proportion of condensate 5d 10d 20d 40d 60 d
5% 92.1 2.79x10% 2.84x102 1.03x10° 1.14x10°
15% 99.5 4.55%x10° 1.02x10° 5.56x10? 6.02x10°
25% 36.5 7.26x102 3.12x10° 1.70x10* 4.95%x10°
x4 FEBFHRERELT L360N SLMEE 0.12
MAEEEE ~o10k
Tab.4 Amount of bacteria adhered to L 360N '
pipeline steel surface under different volume E 0.08
proportion of condensate , s
cells/cm g 0.06
o
Concentration of 2
condensate SRB cell count  FB cell count 5 004
4 5
0% 2.67x10 7.49x10 ook /\
5% 7.49x10° 2.67x107
10% 2.67x107 6.42x10° 0= 510 20 40 60
Volume proportion of condensate/%
20% 2.67x10° 7.49x10°
pase9 /it =1 ) v nf 15
40% 5 67x10° 5 67x10% E 2 L360N a&%ﬂﬁﬂﬂ@*ﬁ{mﬁ%ﬁtmm T
. . A5 H A S ek R
60% 2.67x10 2.67x10

Fig.2 Corrosion rate of L360N pipeline steel in corrosive
medium with different volume proportion of condensate
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Fig.3 Pitting morphology and maximum depth of L360N pipeline steel in corrosive medium with different
volume proportion of condensate
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Tab.5 Fitting results of Ry of L360N pipeline steel in corrosive medium with different volume proportion of condensate

Q-cm?
Volume proportion of condensate 1d 10d 20d 30d
0% 6.249x10? 8.211x10° 8.108x10? 1.131x10°
5% 1.732x10° 6.852x10? 1.139x10° 2.261x10°
10% 2.409x10° 7.833%10? 2.677x10° 2.160x10°
20% 5.273%10* 4.870x10* 1.249x10° 2.688x10°
40% 1.294x10° 1.830x10* 1.249x10° 1.507x10°
60% 2.611x10* 5.310x10* 2.125%10° 1.895%10°
-0.4

0%
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08|
09}
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-9 8 -7 -6 -5 —4 -3 -2
1g[J/(A-cm™2)]
[l 6 L360N &G TEA R BEAT AR T 5 Lt
JE A 5 R Rk il 2

Fig.6 Polarization curves of L360N pipeline steel in corrosive
medium with different volume proportion of condensate
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Tab.6 Fitting results of polarization curves of L 360N pipeline steel in corrosive medium with different
volume proportion of condensate

Volume proportion of condensate Ba/(mV~decfl) Bc/(mV~dec71) E../V Jcorr/(A~cm72)
0% 51.83 288.53 -0.718 4.45x10°°
5% 44.83 138.48 —0.740 9.64x1077
10% 54.44 393.47 —0.733 4.09x10°°
20% 50.36 812.10 —0.696 5.81x1076
40% 55.08 191.47 -0.726 3.05x10°¢
60% 52.89 274.70 -0.716 3.73x10°¢
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Fig.7 Surface morphology of biofilm on L360N pipeline steel in corrosive medium with
different volume proportion of condensate
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Tab.7 EDS analysisresult of biofilm on L360N pipeline
steel in corrosive medium with different volume
proportion of condensate

wt. %
Volume  Number of
proportion of analysis Fe C (0] S
condensate area

1 39.57 8.51 46.04 5.88

0%
2 68.13 5.95 20.68 5.25
oy 1 47.86 9.35 39.75 3.04
° 2 48.84 10.30 37.58 3.27
1 58.70 3.88  33.57 3.85
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2 4474  10.12  32.07 13.07
1 62.55 7.50 2691 3.04
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2 22.14 10.04 5437 1345
1 63.02 4.14  31.77 1.06

40%
2 48.36 9.97 2131 20.36
1 71.17 7.77 2043 0.62

60%
2 64.74 5.95 2597 3.34
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Fig.8 Cross-sectional morphology of biofilm on L360N pipeline steel in corrosive medium with
different volume proportion of condensate
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