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Electrochemical Analysis of Microbiologically Influence Corrosion
of Steels by Sulfate-Reducing Bacteria

GEUN-HYUN PARK

Department of Materials Engineering

The Graduate School of Korea Maritime University

Abstract

Although microbiologically influenced corrosion researches were
started about 100 years ago, most microbial corrosion studies were
carried out in 1980s because the significance of corrosion damages
was known recently. For the first time, Gaines, however, suggested
that corrosion at the inner and outer sides of a water pipe be
influenced with sulfide-oxidizing bacteria and iron-oxidizing bacteria.

Recently, with a rapid development of industries, many structural
steels were exposed to severe corrosive environments, so that
development of corrosion resistant steels was necessary in terms of
both economical and industrial safety viewpoints. Unexpected accidents
caused by a structural corrosion often happened. For examples, water
pipe line leaked due to the corrosion of welded area of stainless steel
pipe inspected safe and unexpected severe pitting corrosions in cargo
oil tank bottom plating were also observed. Corrosion damages of fuel
oil tank in aircraft as well as the abnormal corrosion of weld metal
area of stainless steels were reported.

A series of corrosion accidents mentioned above were not



significant compared with conventional corrosion based on that the
electrochemical theory is a simple concept. Eventually it was,
however, thought that the origin of corrosion was attributed to
microorganism existing in various corrosive environments. Furthermore
it was reported that the corrosion damage associated with bacteria in
some places such as a petroleum chemical industry, a nuclear power
generating plant and concrete structures frequently happened and the
amounts of damage were estimated to be over several billion dollars.

In this study, the susceptibility of TMCP (Thermo Mechanical
Control Process) steel, Normalized steel and conventional Mild steel
to MIC caused by SRB was investigated based on the electrochemical
aspects.

The results of this research in absence of SRB, corrosion potential
shifted to a low level in the beginning and then maintained a stable
level later on. However the corrosion potential shifted to lower range
in the beginning with the SRB presence, but after 14 to 20 days
incubation, the corrosion potential changed to a noble level again,
indicating MIC caused by the SRB.

Corrosion current density in the presence of SRB was higher than
that in absence of SRB. Furthermore, a pitting corrosion was observed
in the SRB growing medium while the control did not show any such
phenomenon. Normalized steel had a better corrosion resistance than
the TMCP steel. It appeared that there were some differences between
polarization curves depending on the presence or absence of SRB in

the corrosion test cell.
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5
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Fig. 2.1 Scheme for corrosion reactions of metal in the presence

of electrolytes.
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‘ Electrolyte(Sea Water) €
Iron
®~ -
-
e e Dissolved e
Oz Oxygen
Cu / Fe
Cathode Anode
02+2H,0+4e- —> 40H" Fe —> Fe¥ + 2e

Cathodic Reaction

Fig. 2.2 Anodic and cathodic reactions between two metals

in sea water.
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Table 2.1 Standard potentials for different metal-ion, gas or

redox electrodes vs SHE at 25C.

Electrode Reaction on Electrode E°/V
Au’/Au Au’'+3e = Au + 150
Cl /Cl, Cly+2e = 2CI +1.3595
Oy/H0 Ox+4H +4e = 2H,0 +1.229
O»/OH Ox+2H:0+4e = 40H + 0.401
Pt*/Pt Pt¥+2e = Pt +1.20
Pd*'/Pd Pd*+2e =Pd + 0.987
Ag'/Ag Ag'+e = Ag + 0.799
PbO»/PhSO, PbO+SO4 +2H+2e = PhSO,+2H:0 + 1.685
Hg,"'/Hg Hg,” +2e = 2Hg +0.789
Fe’ /Fe” Fe’'+e = Fe” +0.77
Cu'/Cu Cu'+e = Cu + 0521
Cu”’/Cu Cu”'+2e = Cu + 0.337
Sn*'/Sn” Sn*'+2e = Sn”' +0.15
Pt/Hy/H" 2H'+2e = H; 0.0
Pb”'/Pb Pb*+2e = Ph - 0.126
Sn”'/Sn Sn*'+2e = Sn - 0.136
Ni*'/Ni Ni¥'+2e = Ni - 0.250
Co™/Co Co*+2e = Co - 0277
cd*/cd Cd*+2e = Cd - 0.403
Fe”' /Fe Fe? +2e = Fe - 044
Cr'/Cr Cr¥'+3e = Cr - 074
7n”' /7n Zn*'+2e = 7n - 0.76
Nb*'/Nb Nb*+3e = Nb - 1.10
Ti*'/Ti Ti¥ +2e = Ti - 163
AI"/Al Al +3e = Al - 1662
Mg” /Mg Mg? +2e = Mg - 2.363
Na'/Na Na'+e = Na - 2714
Ca”/Ca Ca’'+2e = Ca - 2.870
K'/K K+ = K - 2925
Li'/Li Li'te = Li - 3.045

_13_
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Fig. 2.4 Polarization curve explained by Stern-Geary’s equation.
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1) # 4rg 2] o}(iron bacteria)
o] utg|glole] AF XL 5~40C, pH5~80]th. WA Fe*' 7} &
H o d vtggolrl 2 §E&E HFAE|A WA star o] 3l o] Al

%]
gt Fe'E Zmlalmz 2 FLEo] Al o9 FHAAE PA4sho]
L
=

2H28+ 02‘>2H20+ SZ +122Kcal
SZ + 302"’ 3H2 O_>2H2504 +282Kcal

3 v gole] AEdxHAE 10~50T, pH 2~40]t}.
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5 =4 5 =W 4A% 2d A

Table 2.2 Cathodic protection conditions for MIC.

T3 A A AFEe 2 A7
sgsoe WSl 1 -0.90(V,SCE)"
F A] =2 T 3 2~ = . 2

o 54 -
67]]:]0]_/‘7\—][%]7}3] U]/\(Eg %O : 150xK

A ES - 20xK

( oA Ax gsiA 1. 2~1.5)
odaode] PAAAEE
NI 343 <F 100 (mA/m)
. m e 84 150 ~ 300
3 H 31(19743) . I
Z71AZA HANTY 20~50% 57}
So 1 ol
NACE 72 (7] =) EoZE - 0.95V(CSE)™
g 74 BS EoE . - 0.95V(CSE)™
=9 7 DIN E9%Z - 0.95V(CSE)™

x] Saturated Calomel Electrode (¥E3}7}2 A=)

x2 Cupper Sulfate Electrode ((E3}34ts21=) 71+
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Table 2.3 Corrosion control potential of steels.

F % o4 3
2 .32 ¥ 3} X3} 2
gus | Aza | T lop o
(csE) | (scp) | BT
A7 AudA 085 | -0.77 | -078 | +0.25
SRBH 21" -0.95 -0.87 -0.88 | +0.15
23+ se | -085 -0.78
(700MPa0] %) et ~1.10 -1.05

E
@71ge] G e weelot WA e 4
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of tha)A= Table 3.1, 3.201 LEFH AT

1. Mild steel A grade(25t) 2. Mild steel E grade(20t)
3. Normalized steel AH 36 grade 4. Normalized steel AH 32 grade

5. TMCP steel EH 36 grade 6. TMCP steel DH 36 grade
< 60mm >
15mn BM I WM I
HAZ

Fig. 3.1 Diagram of specimen for MIC used in this study.
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Table 3.1 Chemical composition (wt%) of test metal specimens.

Item C Si |[Mn| P S Cu | Ni V | Nb Remark
mild steel, ,
A grade 0.14410.1620.663 | 0.014 [ 0.005 | 0.007 [ 0.024|0.005| - ny, o 24kgf/mni o] 2
mild steel, )
E grade 0.105]0.178 | 1.12 [0.019(0.005|0.007|0.015]0.003| - n, 1 24kgf/mmo]
normalized
n, : 36kgf/mmro]
steel, 0.110]0.288| 1.34 [0.011[0.005{0.007{0.011{0.005| - ) .
AH 36 grade Uax - 50~ 63kgf/mm
normalized ‘
u, o 32kgf/mro] g
steel, 0.136]0.158 | 1.05 [0.013[0.007 [ 0.006 | 0.010{0.005| - s )
AH 32 grade oy - 48 ~60kg f/mnt
TMCP steel, n, : 36kgf/mmo]
0.14810.457 | 1.46 |0.017[0.005|0.009 | 0.020 | 0.037 | 0.028 ‘
EH 36 grade Uax - 50~63kgf/mi
TMCP steel, u, : 36kgf/mro] g
0.173]10.435| 1.49 [0.014(0.007[0.016[0.115]0.064| - ’
DH 36 grade "max:50"’63kgf/mlrf

Table 3.2 Mechanical properties of test specimens.

No.l : mild steel, A grade — 0, : 24kgf/mi ©]7, WA,

—

No.2 : mild steel, E grade — 0, : 24kgf/mr ©]7, Luketad,
AR/ 1 -40C 27] o)
No.3 : normalized steel, AH36 — 0, : 36kgf/mi ©]%,
Omax - D0~63kgf/mif, 5214 + 0C 34] o]
No.4 : normalized steel, AH32 — 0, : 32kgf/mi ©]%,
Oax - 48 ~60kgf/mi, =A< © -40C 34] o]
No.5 : TMCP steel, EH36 — 0, : 36kgf/mr ©], Oy - 50~63kgf/mif
A7 1 -40TC 34] ol
No.6 : TMCP steel, DH36 — o, : 36kgf/mi ©]%, Onax - 50 ~63kgf/mr

A/ 1 20T 34] ol
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Fig. 3.2 Position on the test specimen for measuring of

hardness and corrosion potential test.
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Photo. 3.1 Photograph of corrosion potential measurement test

in sea water.
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Photo. 3.2 Photograph of corrosion potential measurement test
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<+— Specimen

Fig. 3.3 Schematic diagram of corrosion potential measurement

test.
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Photo. 3.3 Photograph of galvanic current test specimen.
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Photo. 3.4 Photograph of galvanic current measurement test.
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Photo. 3.5 Photograph of polarization curve measurement test.
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Fig. 3.5 Schematic diagram of polarization experimental

apparatus.
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2) SRB Hl &

Desulfovibrio gigas KCTC No. 24833} Desulfovibrio vulgaris KCTC
No. 1910= =P gstAFaolA FFE powder EHlE FFWekaL
Hj#] AEe 19963 KCTC(Korea Collection for Type Cultures)ol 4]
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Oﬂ 23 HEs A okAl &7 A /?)H:/H’Eé FA387] Ydted FA U~
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samplecll A FstujgHHor £ - FE3 SRBEFTE o] &8t
T HTL 15~20% Glycerole] #H7Fe SRBuiA A -70C= H A3
A o] &3k T

T A wix = 71 ajAeE b viA o] 2u AR RbElom WA
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FUste] b A AS RbEAT el IMe NaOHE AR&3te] PH
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Photo. 3.6 Anaerobic growth chamber for SRB used for MIC
test.
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Photo. 3.7 Photograph of enrichment cultures of SRB used in
this study.
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Table 3.3 Chemical composition of basal medium solution for

SRB growth.
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Fig. 3.6 Schematic diagram of experimental apparatus for MIC

experiment.

_54_



(A)

(B)
Photo. 3.8 Photograph of corrosion potential measurement.
A : Desulfovibrio gigas KCTC No. 2483 inoculated.
B : No inoculation of SRB.
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(A)

(B)
Photo. 3.9 Corrosion potential measurement cell after 40 days.
A : No inoculation of SRB.
B : Desulfovibrio gigas KCTC No. 2483 inoculated.
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Fig. 3.7 A schematic diagram of polarization experimental
apparatus.
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Table 4.1 Corrosion potential of various metals in natural sea

water.
1. Mild steel A grade(25t)
Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -569 -633 -550
30 -650 =754 -624
60 -686 =763 -649
120 =700 =760 -654
180 =715 =767 -664
240 =716 =769 -670
300 =719 =764 -673
360 =728 =701 -674
420 -644 -667 -674

2. Mild Steel E Grade(20t)
Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -571 -591 -535
30 -615 -664 -590
60 -628 =701 -632
120 =730 =734 -670
180 =735 =749 =720
240 =729 =746 =740
300 =727 =748 =741
360 =733 -690 =748
420 -655 -656 =743

_60_



Table 4.1 Continued
3. Normalized Steel AH 36 Grade(20t)

Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -619 -581 -565
30 -690 =719 -617
60 -714 =731 -657
120 =740 =752 =706
180 =737 =754 -714
240 =749 =152 =719
300 =157 =751 =727
360 =755 -673 =733
420 -673 -640 =739

4. Normalized Steel AH 32 Grade(15t)

Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -601 -649 -542
30 =711 =726 -594
60 =720 =741 -644
120 =720 =748 -684
180 -692 =746 =705
240 =702 =154 =714
300 =717 =758 =721
360 =730 -693 =725
420 -644 -653 =727
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Table 4.1 Continued

5. TMCP Steel EH 36 Grade(34t)

Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -619 -581 -565
30 -690 =719 -617
60 -714 =731 -657
120 =740 =752 =706
180 =737 =154 =714
240 =749 =152 =719
300 =157 =751 =727
360 =755 -673 =733
420 -673 -640 =739

6. TMCP Steel DH 36 Grade(25t)

Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -575 -616 -543
30 -698 -738 -597
60 -733 -746 -645
120 =741 -753 -667
180 =760 =750 -672
240 =754 -755 -694
300 =749 -768 =703
360 -661 =704 -711
420 -666 -662 =720
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Table 4.2 Galvanic test in natural sea water solution(BM:WM=1:1).

Flowing Current(gA)
A grade |E grade AH 36 AH 32 36 grade | 36 grade
grade grade
0 -24.93 | -15.96 -2.3 -15.64 -6.39 8.43
5 -19.62 -5.3 1.87 -12.48 -4.31 15.74
30 -20.5 6.89 25.12 -4.7 -3.84 -0.39
60 -5.61 4.01 10.8 -1.62 2.4 0.38
120 -6.19 1.03 2.81 -5.59 0.03 -3.7
180 -7.64 -1.6 1.68 -5.21 -5.64 -4.59
240 -6.04 -0.4 4.44 -3.79 -4.81 0.29
300 -5.55 0.6 5.96 -3.4 -3.94 -1.34
360 -8.12 -0.55 7.31 -3.08 -3.2 -2.05
420 -6.8 -1.21 7.22 -3.05 -4.37 -1.01
480 -5.14 -2.54 8.76 -2.75 -2 -1.78
540 -7.04 -0.99 7.06 -2.98 0.4 -1.18
600 -7.58 -1.53 6.46 -2.63 -0.08 -0.69
660 -4.07 -0.78 3.48 -4.61 -0.7 -1.64
720 -4.07 1.43 541 -2.78 -2.36 -1.91
ghH, BMA-9F WMH-9] =% WAHE 10112 39S 4 Foll= Table
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Table 4.3 Galvanic test in natural sea water solution(BM:WM=10:1).

Flowing Current(gA)
T | el s N e, | e,
A grade | E grade AH 36 AH 32 36 grade| 36 grade
grade grade

0 _ _ , _ , _

5 =72 -76.89 -57.4 -30 -17.81 -45.8
30 -13.66 7.28 -18.04 25.05 -7.8 56.41
60 6.1 27.54 13.37 34.85 22.29 47.52
120 6.52 22.55 16.19 35.65 25.38 37.51
180 14.36 17.63 17.51 38.96 27.34 33.7
240 10.33 18.24 18.56 36.66 24.89 32.04
300 7 10.83 17.21 26.37 13.73 29.78
360 4.46 16.4 14.69 2753 11.6 23.65
420 5.62 12.92 15.74 26.92 17.82 28.82
430 5.22 14.28 16.84 26.59 12.12 23.83
540 5.56 16.19 15.3 26.8 17.52 22.23
600 5.64 14.85 14.44 26.9 15.39 2341
660 7.48 13.74 15.09 30.28 21.27 24.5
720 6.92 13.7 13.45 285 1893 24.74
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Table 4.4 The data for corrosion properties of all kinds of materials

obtained by electrochemical measurement method in natural

sea water solution.

. Corr’
icorr Hc Ba Rp Rat
ate
(A/cm?)  |(mV/decade)|(mV/decade)| (ohm -cm?)
(mm/yr)
Mild Steel | BM | 3.294x10°" 13 9.7 1.468x10 0.000
A grade | WM | 3.189x10 7 34 99 3.479x10° 0.004
Mild Steel | BM | 3.073x10° 19.7 15.0 1.204x10° 0.036
E grade | WM | 3.731x107 48 6.3 3.157x10° 0.004
Normalized | pyr | 7507.107 106 1.1 3.131x10° | 0.009
Steel .
AH 36 grade| "M 2614x10 7 37 125 4.713%10° 0.003
Normalized | gy | 95804107 3.7 105 4567x10° | 0.003
Steel
AH 32 grade WM | 4.762x10°® 15 5.0 1.069x 10" 0.001
TMCP, EH | BM | 2980x10" 7.0 132 6.703x10° | 0.003
36 grade | WM | 1.366x107 33 70 7779<10° | 0.002
TMCP, DH | BM | 8484x10" 326 36.6 8.825x10° | 0.010
36 grade | WM | 1.461x10° 5.3 6.6 8.766x10° 0.017
421 A9 54 % 1%
NaxSOs& Al A Al7bo] mE F2174d99] MelE 480% 59 SCE
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Table 4.5 Corrosion potential of various metals at 0.5M Na»;SO,
solution.

1. Mild Steel A Grade(25t)

Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -620 -673 -615
30 =708 =719 -698
60 =715 -675 =702
120 -696 =710 -694
180 =703 714 -695
240 =708 =127 -697
300 =714 734 -697
360 =724 =732 -694
420 =731 =734 -693
480 =734 =735 =701

2. Mild Steel E Grade(20t)
Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -621 -650 -601
30 -696 -630 -650
60 -653 -640 -668
120 -695 -677 -697
180 =700 -688 =719
240 =798 =703 =725
300 =702 =712 =729
360 =701 =710 =744
420 =739 =713 =741
480 =743 =720 =744
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Table 4.5 Continued
3. Normalized Steel AH 36 Grade(20t)

Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -650 -645 -622
30 -630 -657 -673
60 -640 -686 -686
120 -677 =720 =708
180 -688 =136 =723
240 =703 =730 =736
300 =712 =733 =738
360 =710 =751 =746
420 =713 =748 =746
480 =720 =750 =748

4. Normalized Steel AH 32 Grade(15t)

Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 =490 -532 -602
30 -515 -540 -687
60 -516 =550 -704
120 -548 -562 =705
180 -584 -594 -726
240 -650 -636 =725
300 -713 -708 -733
360 -680 -675 -738
420 -641 -637 =742
480 -714 =707 =745
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Table 4.5 Continued

5. TMCP Steel EH 36 Grade(34t)

Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -526 -546 -631
30 -565 -565 -690
60 -575 -548 =707
120 -548 -575 =714
180 -593 -592 =725
240 -645 -636 =728
300 -682 -671 =733
360 -684 -661 =731
420 -677 -650 =745
480 =700 -687 =744

6. TMCP Steel DH 36 Grade(25t)

Corrosion Potential(mV vs SCE)
Time(min)

BM WM HAZ
5 -456 -550 -639
30 -484 -580 -684
60 -504 -580 -691
120 -518 -605 -687
180 -588 -633 -684
240 -630 -685 -680
300 -680 =703 -672
360 -684 =745 -665
420 -637 -667 -675
480 -654 =713 -675
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Table 4.6 Galvanic test in 0.5M Na3SO4 solution(BM:WM=1:1).

Flowing Current(gA)
Z;:le) Mild Steel|Mild Steel Ngrg:igfe Ngrg:zgfe TIE/II({:P’ TI\SEP’
A grade | E grade AH 36 AH 32 36 grade | 36 grade
grade grade
5 -36.51 -23.54 -16.6 18 8.89 27.53
30 -29.55 -14.9 -6 9.86 -13.67 22.2
60 -28.49 -9.16 -3.83 9 -12.24 175
120 -26.16 -6.24 -3.4 2.43 -8.65 14.32
180 -24.04 -4.9 -3.18 1.18 =7.74 17.47
240 -21.05 -7.36 -3.56 0.68 -5.88 182
300 -17.3 -8.28 -2.64 0.15 -5.67 17.36
360 -20.17 -10.69 -4.27 0.094 -5.6 14.81
420 -17.02 -10.33 -5.53 1.13 -5.83 9.11
480 -16.12 -8.34 -4.95 0.082 -4.23 12.5
540 -13.12 -7.98 -4.43 0.52 -4 13.2
600 -16.11 -9.33 -4.45 1.01 -3.76 13.76
660 -11.84 =77 -7.57 2.88 -4.17 13.01
720 -12.77 =7.47 -9.07 4.85 -4.49 11.55
780 -10.7 =757 -9.55 4.18 -2.57 10.77
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Table 4.7 Galvanic test of wvarious metals

solution(BM:WM=10:1).

in 0.5M NaS0Oq4

Flowing Current(gA)
Time Mild Mild Normalize | Normalized TMCP, | TMCP,
(min) Steel Steel d Steel Steel EH DH
A grade | E grade AH 36 AH 32 36 grade|36 grade
grade grade
5 16.96 19.99 14.95 10.03 19.37 -4.6
30 6.25 31.31 9.24 -5.54 13.13 10.12
60 6.2 35.24 14.54 -7.25 10.14 10.55
120 -0.16 37.1 12.21 5.69 8.41 10.93
180 -2.91 34.17 9.7 3.46 2.98 7.92
240 -0.012 27.06 12.57 -3.85 0.49 10.42
300 -5.12 16.71 5.24 -5.44 13.38 4.89
360 -2.15 25.69 14.13 -4.08 19.12 10.25
420 0.84 24.32 14.6 -6.68 135 6.66
480 1.03 27.46 14.97 0.4 17.65 5.55
540 0.43 27.63 12.04 3.09 16.25 5.82
600 -2.37 26.62 11.95 4.99 10.12 1.96
660 2.07 25.62 14.2 8.62 111 -3.63
720 3.27 27.29 12.3 6.14 16.45 -0.3
780 2.9 26 11.74 72 16.94 -2.36
aga o]Ee] 5 FAA 73 FAHNFUEE Table 4.8 e

ideh. FAll Fig. 4.2091A4 Table 489 #%& 21#iZ=2 YeRich
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Table 4.8 The data for corrosion properties of various kinds of
materials obtained by electrochemical measurement

method in 0.5M NaSO. solution.

) Corr’
icorr fc fa Rp Rate
(A/cm® |(mV/decade)|(mV/decade)| (ohm -cm?)
(mm/yr)
-7 3
Mild Stee | BM | 2:215%10 43 10.3 5.986x10 0.003
Agrade |yl 1 139x107 6.6 35 5367x10° | 0.002
-7 3
Mild Stee] | BM [ 2:140<10 34 4.8 4.043%10 0.002
Egrade |yl 57194106 96 112 7274x10° | 0.066
Normalized | BM | 9.195x10 " 9.2 15.58 4.364x10° | 0.011
Steel
AH 36 grade |WM| 1.535x10° 5.6 8.7 9.699x10° |  0.008
Normalized | BM | 7.034x10 " 43 7.4 1.687x10° | 0.008
Steel
AH 32 grade |WM| 1.180x10°° 43 6.1 9.329x10> |  0.014
7 3
TMCP, BH BM | 3.046x10 34 19.0 4.889%10 0.004
36 grade 6 3
WM| 1.007x10 4.4 5.9 1.089x10 0.012
-7 3
TMCP, DH BM | 7.836x10 65 142 2.472x10 0.009
36 grade il 598310 3.3 40 1.494x10" | 0.001
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Table 5.2 The data of corrosion current density obtained by Tafel
extrapolation method for Mild, Normalized, and TMCP
steels in the presence or absence of SRB strain isolated

from a crude oil.

Item Icorr(A/ sz)
. Tafel Extrapolation
Specimen
method
SRB 5
. ati 6x10
) noculation
Mild Stee A grade SRB .
) 3x10
No Inoculation
SRB 1x10°°
Normalized Steel Inoculation
AH36 grade SRB . 7x10710
No Inoculation
SRB 5
) ) 2x10
Normalized Steel Inoculation
AH32 grade SRB ' 9x10710
No Inoculation
SRB 5
I lati 3x10
noculation
TMCP Steel SRB B
) 2x10
No Inoculation
SRB 3x107°
TMCP Steel Inoculation
DH36 grade SRB . 1x107
No Inoculation
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No. 1
Mild Steel

A grade
(x1,000)

No. 3
Normalized
Steel
AH 36 grade
(x1,000)

No. 4
Normalized
Steel
AH 32 grade
(x1,000)

Photo. 5.1 SEM photographs of polished surface for test specimens
after 40 days with a SRB strain KMU-2 isolated from
a crude oil.
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No. 5
TMCP Steel
EH 36 grade

(x1,000)

No. 6
TMCP Steel
DH 36 grade

(x1,000)

Photo. 5.2 SEM photographs of polished surface for test specimens
after 40 days with a SRB strain KMU-2 isolated from
a crude oil.
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No. 1
Mild Steel

A grade
(x200)

No. 3
Normalized
Steel
AH 36 grade
(x200)

No. 4
Normalized
Steel
AH 32 grade
(x200)

Photo. 5.3 SEM photographs of polished surface for test specimens
after 40 days with a SRB strain KMU-2 isolated from
a crude oil.

- 124 -



No. 5
TMCP Steel
EH 36 grade

(x200)

[EArE BOE0EH

No. 6
TMCP Steel
DH 36 grade

(x200)

Photo. 5.4 SEM photographs of polished surface for test specimens
after 40 days with a SRB strain KMU-2 isolated from
a crude oil.

- 125 -



No. 1
Mild Steel

A grade
(x1,000)

No. 3
Normalized
Steel
AH 36 grade
(x1,000)

Sao—y Hu;:-.l_-lf"._u_-':l ._f'

No. 4
Normalized
Steel
AH 32 grade
(x1,000)

Photo. 5.5 SEM photographs of polished surface for test specimens
after 40 days without inoculation of SRB
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No. 5
TMCP Steel
EH 36 grade
(x1,000)

No. 6
TMCP Steel
DH 36 grade

(x1,000)

Photo. 5.6 SEM photographs of polished surface for test specimens
after 40 days without inoculation of SRB
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Inoculation
(x3,500)

SRB
Inoculation
(x3,500)

SRB
Inoculation
(x15,000)

_ Hi..r'_-d

Photo. 5.9 SEM photographs of surface of Mild steel A grade after
40 days in the presence or absence of SRB(KMU-2)
isolated from a crude oil.
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Inoculation
(x3,500)

SRB
Inoculation
(x3,500)

SRB
Inoculation
(x15,000)

Photo. 5.10 SEM photographs of surface of Normalized steel AH 36
grade after 40 days in the presence or absence of
SRB(KMU-2) isolated from a crude oil.
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Inoculation
(x3,500)

SRB
Inoculation
(x3,500)

SRB
Inoculation
(x15,000)

Photo. 5.11 SEM photographs of surface of Normalized steel AH 32
grade after 40 days in the presence or absence of
SRB(KMU-2) isolated from a crude oil.
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Inoculation
(x3,500)

SRB
Inoculation
(x3,500)

SRB
Inoculation
(x15,000)

e

e TwanEan

Photo. 5.12 SEM photographs of surface of TMCP steel EH 36 grade
after 40 days in the presence or absence of
SRB(KMU-2) isolated from a crude oil.
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SRB
No
Inoculation
(x3,500)

SRB
Inoculation
(x3,500)

SRB
Inoculation
(x15,000)

Photo. 5.13 SEM photographs of surface of TMCP steel DH 36
grade after 40 days in the presence or absence of
SRB(KMU-2) isolated from a crude oil.
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