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Abstract: A stabilized mixed culture containing sulphate reducing bacteria (SMC-SRB) was isolated and

used to study the effect of two alternated biocides and two commercial corrosion inhibitors on the

production of H2S. Also, potentiodynamic scans were performed, in the presence and the absence of the

two biocides, to investigate the influence of SMC-SRB culture on the electrochemical behavior of mild

steel (ASTM 525A).
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INTRODUCTION

Bacteria, including the sulphate reducing bacteria

(SRB) generate hydrogen sulphide, cause corrosion, and

produce plugging slimes and particulate in the fluids .[1 ,4]

Regular treatment with biocides and corrosion

inhibitors, in addition to mechanical cleaning should be

used to control bacterial growth and thereby

biocorrosion. Control of sessile bacteria, mostly SRB is

important for controlling MIC. Carefully planned and

well executed biocide programs can be highly cost

effective if they can prevent the problems created by

bacteria . [5 ,13 ,14]

In Egypt, the petroleum industries suffer from

corrosion induced by microorganisms. It is estimated

that one Company (Gulf of Suez Petroleum Co.,

GUPCO) spends more than $ 1 million per year to

combat MIC . The reason for the occurrence of these[6]

problems is that microorganisms are found in the

treated seawater used for injection into the producing

wells to enhance oil recovery.

The objectives of the present work have been to study:

C The effect of biocides and corrosion inhibitors,

belonging to the category of quaternary ammonium

compounds on the SMC-SRB culture.

C The effect of the SMC-SRB culture on the

corrosion of mild steel as judged by weight losses

and potentiodynamic polarization techniques.

MATERIALS AND METHODS

The mixed culture used in this study was isolated

from a biofilm formed on mild steel studs of a

retrievable high pressure biofilm probe "Petrolite

Bioprobe". This sample was subjected to successive

enrichment using Postgate medium B (205% NaCl) .[7]

This resulted in a stabilized mixed culture of SRB

(SMC-SRB) . The obtained SMC-SRB was used to[8]

study:

C The minimum inhibitory concentration (m.i.c) of

two biocides on the sulfide production by SMC-

SRB culture.

C The effect of different concentrations of two

corrosion inhibitors on sulfide production by SMC-

SRB culture.

C Finally, potentiodynamic cyclic polarization scans

were performed to investigate the influence of the

SMC-SRB culture on the electrochemical behavior

of mild steel (ASTM 525A) using the Princton

Applied Research Corporation (PARC 273)

Potentiostat/Galvanostat instrument. In these tests

the working electrode (rectangular sheet of mild

steel of about 12.30 cm  exposed area) was2

scanned through a range of potentials and the

resulting current was measured. The potential was
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controlled between the reference electrode

(Ag/AgCl/Sat. KCl) and the working electrode.

The measured current was between the working

electrode and the auxiliary electrode (Pt wire). An

electrochemical cell was used to perform the

required potentiodynamic measurements. It was

composed of 250 ml Erlenmeyer flask (with a

wide mouth) fitted with a rubber stopper through

which several electrodes and tubes could be

introduced.

The polarized cell was used to measure the

polarization curves in the absence and the presence of

a "stabilized mixed culture containing SRB" (SMC-

SRB), with and without biocides. Sterile Postgate

medium C (Low iron content, 2.5% NaCl) was added

to the cell and the cell was deaerated for about 45

minutes using oxygen-free nitrogen before adding the

SMC-SRB inocula followed by incubation at 30 ºC.

The electrodes were polarized in the active (cathodic)

direction and reversed in the noble (anodic) direction

with a scan rate of 1 mV/s. The data were recorded in

the form of polarization curves, i.e. plots of potential,

E (Ag/AgCl/sat.KCl) versus current density, I, Acm .-2

The potentiodynamic experiments were performed on

mild steel in the following media:

C Postgate medium C (+ 2.5% NaCl).

C Postgate medium C (+ 2.5% NaCl) + SMC-SRB.

C Postgate medium C (+ 2.5% NaCl) +SMC-SRB +

Bio-1 or Bio-2.

After completion of the polarization tests, X-ray

diffraction analysis was conducted to detect the type of

corrosion products. Also, part of the electrodes were

examined by the scanning electron microscope (SEM).

It should be noted that various types of media were

used for various objectives, (Appendix A).

RESULTS AND DISCUSSION

A stabilized mixed culture of sulphate reducing

bacteria (SMC-SRB) was isolated from El-Morgan

waterflood plant, the largest treatment plant in the Gulf

of Suez, using the Petrolite bioprobe located at

upstream the deaeration towers. The isolated bacterial

biofilm was proved to contain SRB as well as acid

producing bacteria (APB).

C The effects of two biocides and two corrosion

inhibitors on the activity of the SMC-SRB to

produce hydrogen sulfide were studied.

C The effect of different concentrations, of two

commercial biocides (Bio-1 and Bio-2) on the

production of sulfide by the MC-SRB was studied.

It was found that the SMC-SRB has tolerated the

first two concentrations of Bio-1 (25 & 50 ppm)

and sulfide production was inhibited by the

following higher concentration, (75 ppm). For Bio-

2 the SMC-SRB tolerated the first concentration

(25 ppm) only whereas 50 ppm of Bio-2 inhibited

sulphide production (Fig.1). Both of the 75 ppm

Bio-1 and 50 ppm were considered to be the

minimum inhibitory concentration (m.i.c) for each

biocide.

C The effect of different concentrations of two

commercial corrosion inhibitors (CI-1 & CI-2) on

the production of sulfide by the SMC-SRB was

studied. It is obvious that the two corrosion

inhibitors (CI-1 & CI-2) were tolerated by the

SMC-SRB with dosage of 5 ppm. The 15 ppm

dosage of each corrosion inhibitor was able to

inhibit  the sulfide produced by the SMC-SRB

(Fig. 2).

Potentiodynamic Polarization Measurements: In the

previous study , the important conclusion arrived at is[9]

that the SRB cannot form sulfide unless the pH value

of the environment is brought neutrality. That study

would not have been possible without giving the full

ferrous ions requirements to the SMC-SRB. This was

satisfied by using Postgate medium B, which contains

an amount of iron that is adequate for precipitating the

sulfide as ferrous sulfide. This sulfide is known to be

in the non adherent state, i.e. it does not form a

protective film on the ferrous metals. It was found that

cast iron corroded faster in a medium similar to

Postgate medium B .[8 ,10]

 On the other hand the Gulf of Suez seawater is

very low in content (< 0.05 ppm). Accordingly, in the

following experiments, a medium of minimal iron

content (Postgate medium C) was used. In other words,

the minimal iron medium promotes corrosion and

would suit the accelerated corrosion techniques such as

potentiodynamic polarization measurements.

The potentiodynamic experiments were performed

on mild steel in the following media:

C Postgate medium C (+ 2.5% NaCl).

C Postgate medium C (+ 2.5% NaCl) + SMC-SRB.

C Postgate medium C (+ 2.5% NaCl) +SMC-SRB +

Bio-1 or Bio-2.

Postgate Medium C (+ 2.5% NaCl): The cell was

prepared  for  measurements by adding freshly

prepared, sterile, Postgate medium C (+2.5 NaCl) to

the cell. The cell was subjected to potentiodynamic

cyclic polarization at zero time. After one (1) day, the
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Fig. 1: Effect of different concentration of Bio-1 and Bio-2 on the sulfide production by SMC-SRB using Postage

medium B (2.5% NaCl) after 7 days incubation at 30 C (Biocide m.i.c.).o

Fig. 2: Effect of different concentration of Corrosion (Cl-1 & Cl-2) on the sulfide production by SMC-SRB using

Postage medium B (+2.5% NaCl) after 7 days incubation at 30 C.o

Fig. 3: Effect of immersion time in medium C(+2.5% NaCl) on the corrosion current (Iccor), corrosion rate (mpy)

and corrosion potential (Ecor) of mild steel. 
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Fig. 4: Effect of immersion time in medium C(+2.5% NaCl) and SMC-SRBon the corrosion current (Iccor),

corrosion rate (mpy) and corrosion potential (Ecor) of mild steel. 

Fig. 5a: Effect of immersion time in medium C(+2.5% NaCl) and 400 ppm of Bio-land SMC-SRB on the

corrosion current (Iccor), corrosion rate (mpy) and corrosion potential (Ecor) of mild steel. 

Fig. 5b: Effect of immersion time in medium C(+2.5% NaCl) and 400 ppm of Bio-2 and SMC-SRB on the

corrosion current (Iccor), corrosion rate (mpy) and corrosion potential (Ecor) of mild steel. 
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potentiodynamic scan was repeated and it was found
that the corrosion current was 2 times greater than that
recorded at zero time. The measured corrosion current
increased up to the eighth day scan and then started to
drop from the tenth day scan until reach the fifteenth
day scan. This might be due to the formation of a
passive protective layer on the electrode surface either
from the medium itself or from the corrosion products
formed during the 15 days period. At the end of this
period the experiment was stopped and part of the
electrode  was  subjected  to  X-ray diffraction
analysis.  The  obtained results revealed that the
surface of the corroded metal was covered with
amorphous materials. It should be noted that between
the different cyclic polarization scans the cell was

corr.incubated at 30°C. Fig. 3 shows the measured I ,

corr. corrosion rate (C.R.) in mpy and E during the course
of the different scans.

Postgate Medium C (+ 2.5% NaCl) + SMC-SRB:
The cell was prepared and a 2% inocula of SMC-SRB
was added and incubated at 30°C. At different intervals
of incubation times the cell was subjected to the
potentiodynamic cyclic polarization scan to explore the
susceptability of the mild steel electrode for corrosion
in the presence of saline medium and the sulfide
produced during the growth of the SMC-SRB. There
was a tendency for pitting of the mild steel electrode
and this tendecy increased as the incubation period
increased. The results of the different scans, through a
period  of  53  days,  were presented graphically in
Fig. 4. the effect of this 53 days test on the topography
of the iron surface is shown by SEM micrograph which
revealing the presence of a perforated film covering the
metal surface. X-ray diffraction of the surface, revealed
that it is amorphous.

C Postgate medium C (+ 2.5% NaCl) +SMC-SRB +
Bio-1 or Bio-2:

The cell was prepared for measurements by adding
freshly prepared, sterile, Postgate medium C (2.5 %
NaCl) and 400 ppm of Bio-1, or Bio-2, and 2%
inocula of SMC-SRB. The obtained results are
presented graphically in Figs. (5a and 5b). It was
noticed that both biocides, Bio-1 and Bio-2 decreased
the corrosion rate of the mild steel considerably. The
time variation of the efficiency, % P, is given by 

2 1C % P= 100 [1 – i /i ]

2 1Where i  and i  are respectively the corrosion
currents in the presence and in absence of the biocide.
These results indicate that both biocides are efficient
inhibitors for the SMC-SRB and hence for the ensuring
corrosion. Furthermore, the results indicate that the
inhibiting efficiency, (%P), inceased with time during
the duration of the experiment.

Conclusions: Some quaternary ammonium corrosion
inhibitors (CI) inhibited sulphide production at less
concentrations than some commercial biocides
indicating that these CI can serve double purposes.
Potentiodynamic polarization tests showed that the SRB
increased the corrossion rate and shifted the corrosion
potential to more cathodic values.
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Appendix A:
Media: Various media were prepared for various
objectives, as follows:

C Media for sulphate-reducing bacteria (SRB):
C Medium B (g/L):

2 4 4 4C 0.5, KH PO ; 1.0, NH Cl; 1.0, CaSO ; 2.0,

4 2MgSO .7H O; 3.5, Sodium lactate; 1.0, Yeast
extract; 0.1, Ascrorbic acid; 0.1, Thioglycollic acid

4 2and 0.5, FeSO .7H O.

Medium C (low iron content) (g/L):

2 4 4 2 4C 0.5, KH PO ; 1.0, NH Cl; 4.5, Na SO ; 0.06,

2 4 2CaCl.6H O; 0.06, MgSO .7H O; 6.0, Sodium
lactate; 0.1, yeast extract; 0.1, Ascorbic acid; 0.1,

4 2Thioglycollic acid; 0.004, FeSO .7H O; 0.3, sodium
citrate.

Medium E (g/L): Medium E was prepared by
dissolving the following quqntities in 1 liter of distilled
water. The pH was adjusted to a value of 7.6. The
medium was autoclaved and used before it becomes
solidified. A solution of 2.5 % NaCl was added for
marine strains.

2 4 4 2 4C 0.5, KH PO ; 1.0, NH Cl; 1.0, Na SO ; 2.0,

2 2 2 2MgCl .6H O; 1.0, CaCl .6H O; 3.5, sodium lactate;
1.0, yeast extract; 0.1, Ascorbic acid; 0.1,

4 2Thioglycollic acid; 0.5,FeSO .7H O and 15, agar.
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