
436 

Middle East Journal of Applied Sciences 4(3): 436-442, 2014 

ISSN 2077-4613 

 

Corresponding Author: Ismail Aiad, Petrochemical Department, Egyptian Petroleum Research Institute, Cairo, Egypt. 

Synergistic Effect of Some Commercial Materials as Biocide and Corrosion Inhibitor 

for Petroleum Industry. 
 
1
Ismail Aiad, 

2
Gamal El-Didamony, 

1
Samy M. Shaban, 

1
Atef Sayed and 

3
Wael Mahdy 

 
1
Petrochemical Department, Egyptian Petroleum Research Institute, Cairo, Egypt. 

2
Faculty of Science, Zagazig University, Zagazig, Egypt. 

3
El Wastani Petroleum Company, Egypt. 

 

ABSTRACT 

 

Eight formulations were done from three commercial materials; cationic surfactants, glutaraldehyde and 

formalin. The formula F4, which composed from glutaraldehydeshowed high activity against sulfate reducing 

bacteria evenat low concentration20 ppm.The formula C1, which composed from cationic surfactant showed 

high inhibition efficiency for carbon steel.The formula C1 at dose 100 ppm, can be used as good corrosion 

inhibitor and as biocide for sulfate reducing bacteria. 

 

Key words: Cationic surfactant, Glutaraldehyde, Formalin, Sulfate reducing bacteria; Corrosion inhibitor  

 

Introduction 

 

Microbiologically influenced corrosion (MIC), affects industrial water-bearing systems such as oil and gas 

pipelines (Hubert et al., 2005; Li et al., 2000 and Schwermer et al., 2008). MIC has been defined as an 

electrochemical process in which the participation of microorganisms is able to initiate, facilitate, or accelerate 

the corrosion reaction without changing its electrochemical nature (Vid et al, 1996). (MIC) of the metals has 

been widely found in soil and water environments (Nivens et al., 1998; Chen and Clayton,1998; 

Borenstein,1991; Torres  and Garcia, 2001 and Li et al., 2000).The strategies to mitigate or control the effects of 

microbiologically influenced corrosion (MIC) in oil field Companies include the following: 

Reduce the numbers and types of the sulfate reducing bacteria in the system by using biocides to the bulk 

water to kill organisms entering the system or reduce the growth rate of microorganisms within the biofilm, 

mechanical removal of biofilm from the substratum (sponge balls, brushes), and water treatments to decrease the 

numbers and types of organisms (aeration and deaeration). 

There is much agreement that sulfate-reducing bacteria (SRB; more generally also sulfate-reducing 

microorganisms, SRM) are the main culprits of MIC (Sherar et al., 2011). SRB are obligate anaerobes that 

obtain energy for growth from the oxidation of organic substances using sulfate as the external electron acceptor 

(Widdel, 1988 and Postgate,1984). 

Microbiologically influenced souring (MIS) is the production of H2S through the metabolic activities of the 

sulfate reducing bacteria (SRB). A better chance for mitigating MIS in some down-hole environments using 

biocides may be possible if the problem is detected early in the souring process. 

With increasing demand for finding an applicable method for controlling the problems associated to the 

presence of sulfate reducing bacteria (SRB) on different metals, this study of the microbiological corrosion 

phenomena aimed to finding the suitable chemical for inhibiting and controlling the growth and activity of SRB 

by preparation eight formulas, which have expected biocidal effect on the sulfate reducing bacteria(SRB) and 

how this effect on the corrosion rate of steel in contaminated water with SRB. 

 

Materials and Experimental techniques: 

 

Materials: 

 

The three commercial materials, Cationic 80%, Glutaraldehyde 50% and Formalin 100%, which are used in 

the evaluation, were supplied from local market and their chemical structures showed in Scheme (1). Eight 

formulations were made and listed in Table (1). 

 

Corrosion measurements: 

 

The evaluation of the eight formulation as corrosion inhibitors for carbon steel were employed in 0.5 M 

HCl and 3.5% NaCl in the presence and absence of the used formulation using weight loss method. 

http://link.springer.com/search?facet-author=%22Samy+M.+Shaban%22
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The specimens which used have a composition of: 0.21 C, 0.035 Si, 0.51 Mn, 0.82 P (weight %), and the 

remainder is Fe. Each specimen was sequentially machined into regular shapes of 2.5cm x 2.0cm x 0.06cm with 

a total surface area of 46.8 cm
2
. The specimens were sequentially abraded with different emery paper, degreased 

with acetone, washed with distilled water and dried. The coupons initial weight using an analytic balance 

(precision: ±0.1 mg) was recorded before immersion in 150 ml closed beakers containing 100 ml of corrosive 

solution with and without the utilized formulation(Maayta and Al-Rawashded, 2004).  The specimens were 

taken out, washed, dried, and reweighed accurately. The corrosion rates of mild steel have been determined for 

the 24 h immersion period at 25±1°C. All experiments were carried out in triplicate and the average weight loss 

values were obtained (Emreg¨ul et al., 2005).  

 
 

Scheme. 1: The chemical structures of the used commercial materials. 

 
Table 1: The chemicals formulations of the eight formulations 

Formula name Formula Composition 

C1 100 % Cationic 

C2 80 % Cationic + 20 % Formalin 

C3 60 % Cationic + 40 % Formalin 

C4 40 % Cationic + 60 % Formalin 

F1 100 % Glutaraldehyde 

F2 80 % Glutaraldehyde + 20 % Formalin 

F3 60 % Glutaraldehyde + 40 % Formalin 

F4 40 % Glutaraldehyde + 60 % Formalin 

 

Antimicrobial activity measurements: 

 

The inhibition activity of the eight formulations on the sulfate reducing bacteria growth at different doses 

was measured using the dilution method. 

SRB-contaminated water from Bapetco petroleum company (West Desert, Egypt) was used for tested; the 

test has been conducted according to ASTM D4412-84(ASTM,2009). The test prepared water has been 

subjected to growth of about 10,000,000 (10
7
) bacteria cell/ml. The eight formulation were tested as biocide by 

dose of10, 20, 40 and 80 ppm  and the system was incubated to contact time 3 hours, each system was cultured 

in SRB specific media for 21dayes at37
0
C.  

 

Results and Discussion 

 

Corrosion Measurements: 

 

Effect of Concentrations: 

 

The inhibition effect on the corrosion of mild carbon steel in 0.5 M HCl and 3.5% NaCl was calculated, 

theimmersion time was 24 hours in the presence and absence of different concentrations of each formulation. 

The inhibition efficiency (η %) of an inhibitor was calculated from the following equation: 

 

η, % = {(CR – CR
\
)/ CR} *100                                (1) 

 

Ө= (CR – CR
\
)/ CR                                                   (2) 

 

The CR and CR
\
 are the corrosion rates of carbon steel in the absence and presence of inhibitors. The 

corrosion rate was calculated from the following equation: 
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CR = W / St                                                                 (3) 

 

Where W is the weight loss in mg, S is the surface area of the mild steel species in cm
2
 and t is the time of 

immersion in hours. 

The data which obtained from weight loss measurements for the tested formulation were listed in Tables 

(2&3) and showed in Figs. (1&2), from these data, it is clear that by increasing concentrationof each 

formulation in the corrosive solution, the corrosion rates decrease and this means that the metal loss is 

decreasing, this is due to increasing in the inhibitors adsorption on the metal surface which leads to increasing in 

the coverage surface ear ea (θ). This metal adsorption forms a protection layer on the metal surface, which 

decreases the contact between the metal surface and the aggressive medium so decreases the fatal effect of 

aggressive medium on the metal surface (Annand et al.,1965). 

Formulations that contain cationic surfactants and formalin, their inhibition efficiency mainly depend on the 

cationic surfactant, where formulation C1 has maximum inhibition, due to high absorptivity of cationic 

surfactant on the carbon steel surface by an electrostatic interaction between positive center in cationic 

surfactant and cathodic sites on the metallic surface (Branzoi et al.,1997 and Singh et al., 1979). 

The alkyl chain of cationic surfactants enhance the inhibition efficiency due to it can form successive 

protective layers on the metal surface, this leads to get rid of the corrosive species away from the metal surface 

and decrease the corrosion process. In addition, the repulsion between the polar corrosive medium and these non 

polar chains decreases the interaction and consequently decreases the corrosion processes occurred for these 

surfaces (EL-Sukkary et al., 2010 and Shaban et al., 2013). 

From data in both Table 2 and Fig. (1), the more formulation inhibit corrosion is that contain cationic 

surfactant only without any addition of formalin. 

 
Table 2: Corrosion rate of carbon steel, surface coverage and percentage inhibition efficiency for carbon steel in 0.5M HCl and 3.5% NaCl 

of formulations C1, C2, C3 and C4 at 25±1oC. 

Formulation Inhibitor Conc., ppm Weight loss (mg) CR 

mg/cm2.h 
Ө η 

% 
C1 0.00 575 0.51193 --- --- 

600 28 0.02493 0.9513 95.13 

400 38 0.03383 0.9339 93.39 

200 54 0.04808 0.9061 90.61 

100 83 0.07390 0.8557 85.57 

50 167 0.14868 0.7096 70.96 

30 191 0.17005 0.6678 66.78 

10 289 0.25730 0.4974 49.74 
C2 600 71 0.06321 0.8765 87.65 

400 77 0.06855 0.8661 86.61 

200 98 0.08725 0.8296 82.96 

100 112 0.09972 0.8052 80.52 

50 188 0.16738 0.6730 67.30 

30 264 0.23504 0.5409 54.09 

10 300 0.26709 0.4783 47.83 
C3 600 118 0.10506 0.7948 79.48 

400 132 0.11752 0.7704 77.04 

200 148 0.13177 0.7426 74.26 

100 172 0.15313 0.7009 70.09 

50 229 0.20388 0.6017 60.17 

30 288 0.25641 0.4991 49.91 

10 398 0.35434 0.3078 30.78 
C4 600 160 0.14245 0.7217 72.17 

400 168 0.14957 0.7078 70.78 

200 174 0.15491 0.6974 69.74 

100 206 0.18340 0.6417 64.17 

50 252 0.22436 0.5617 56.17 

30 317 0.28223 0.4487 44.87 

10 399 0.35524 0.3061 30.61 

 

From data in Table (3) and Fig (2), the formulation F1 have the maximum inhibition efficiency than other 

formulations F2, F3 and F4, due to glutaraldehyde has two unsaturated C=O end-groups that can join Fe OH 

molecules to produce a protective layer consisting of chains of glutaraldehyde and iron hydroxide. The 

glutaraldehyde can adsorb on the surface of steel so corrosion rate decrease. 

On comparison formulation which contain on cationic surfactant with that contain glutyraldehyde, we found 

that cationic surfactant is very effective corrosion inhibitor and the formulation C1 is most effective one then C2 

formulation. 
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Fig. 1: Relation between inhibition efficiency of carbon steel in 0.5 M HCl, 3.5% NaCl and concentrations of 

formulations C1, C2, C3 and C4. 

 
Table 3: Corrosion rate of carbon steel, surface coverage and percentage inhibition efficiency for carbon steel in 0.5M HCl and 3.5% NaCl 

of formulations F1, F2, F3 and F4 at 25±1oC. 

Formulation Inhibitor Conc.,ppm Weight loss (mg) CR 
mg/cm2.h 

Ө η 

% 

F1 0.00 575 0.51193 --- --- 

600 129 0.11485 0.7757 77.57 

400 159 0.14156 0.7235 72.35 

200 201 0.17895 0.6504 65.04 

100 291 0.25908 0.4939 49.39 

50 311 0.27689 0.4591 45.91 

30 338 0.30093 0.4122 41.22 

F2 600 184 0.16382 0.6800 68.00 

400 226 0.20121 0.6070 60.70 

200 257 0.22881 0.5530 55.30 

100 305 0.27155 0.4696 46.96 

50 352 0.31339 0.3878 38.78 

30 371 0.33031 0.3548 35.48 

F3 600 208 0.18519 0.6383 63.83 

400 244 0.21724 0.5757 57.57 

200 285 0.25374 0.5043 50.43 

100 338 0.30093 0.4122 41.22 

50 384 0.34188 0.3322 33.22 

30 433 0.38551 0.2470 24.70 

F4 600 244 0.21724 0.5757 57.57 

400 280 0.24929 0.5130 51.30 

200 330 0.29380 0.4261 42.61 

100 379 0.33743 0.3409 34.09 

50 423 0.37660 0.2643 26.43 

30 460 0.40954 0.2000 20.00 

 

Antimicrobial Activity: 

 

The antimicrobial activities of the eight formulations have been tested against sulfate reducing bacteria 

(SRB), using serial dilution method at doses 20, 40 80, and 100 ppm and the results were listed in Table (4). 

SRB-contaminated water used for microbial inhibition test has been subject to growth of about 10
7
 bacteria 

cell/ml. 

The tested surfactants have very high activity against sulfate reducing bacteria even at very low 

concentration, maximum activity was observed for formulations F4 and C4, where at low concentration 20 ppm, 

there are complete kill for SRB.  
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Fig. 2: Relation between inhibition efficiency of carbon steel in 0.5 M HCl 3.5% NaCl and concentrations of 

formulations F1, F2, F3 and F4 

 

The main constituents of the cytoplasmic membrane are phospholipids and membrane proteins. The 

phosphatidylethanola mine (almost neutral at physiological pH) is a major component present in the bacterial 

cytoplasmic membrane and that phosphatidylglycerol and its dimer, cardiolipin (both of which are negatively 

charged at physiological pH), are major acidic components (Whiteet al., 1972 and Costerton and Cheng,1975). 

The structure of the cell wall of gram-negative bacteria as shown in Fig. (3), is much more complicated than that 

of gram-positive species. The peptidoglycan layer is rather thin, but there is an outer membrane outside the 

peptidoglycan layer. The outer membrane is composed mainly of lipopolysaccharides and phospholipids, and 

their significant role is to protect the bacterial cell from attack by foreign compounds, such as disinfectants 

(Shabanet al., 2014). 

In general the main component in the four formulation C1, C2, C3 and C4  is cationic surfactant, therefore, 

the mechanism of action on bacteria is originally focused on their adsorption tendency on the cellular 

membranes (Walsh and Amyes,2004). where the lipid layer (highly nonpolar layer) is the target of the positively 

charged biocide molecules (Jamora et al., 2001). At the complete coverage, the molecules penetrate through it. 

Furthermore, the positive charges in the cationic molecules neutralize the negative charges on the bacterial cell 

membranes. The adsorption disturbs the selective permeability of these membranes, and causes a severe 

disturbance of the biological reactions inside the cells due to the diffusion of several compounds from the 

environment due to the absence of the selective permeability (Chernomordik et al., 1995). In addition, the 

presence of the halogen atoms (Cl
-
) as counter ions increases the activity when they penetrate into the cells. 

 

 
 

Fig. 3: Structure of the bacterial cell walls. 
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The formulations which contain formaldehyde and glutyraldehyde their action mode depend on the 

carbonyl group, where the cell walls of all living organisms contain free amine groups (lysine and arginine) that 

serve as the reactive site for carbonyl attack. Complex crosslinks are formed on the cell surface, and as essential 

cellular functions are disrupted, the cell dies as illustrated in Fig.(4). 

By inspection data in Table (4), we note that the eight formulations have high activity against SRB, and the 

activity increase by increasing percent of formalin in the formulation as depicted by increasing inhibition from 

C1to C2 to C3 until C4. 

 

 
Fig. 4: Reaction of glutaraldehyde with cell wall. 

 
Table 4: Biocidal effect of the prepared formulations against sulfate reducing bacteria, SRB. 

     Dose, ppm 
 

 

Type 

Result (Cell/ml) 

20 40 80 100 

C1 104 102 Nil Nil 

C2 103 10 Nil Nil 

C3 102 Nil Nil Nil 

C4 10 Nil Nil Nil 

F1 103 Nil Nil Nil 

F2 102 Nil Nil Nil 

F3 10 Nil Nil Nil 

F4 Nil Nil Nil Nil 

 

Conclusion: 

 

 Synergism between the three commercial materials produced good corrosion inhibitor and very strong 

biocide against sulfate reducing bacteria. 

 The formula F4 can be used as biocide at low concentration. 

 The formula C1 can be used as corrosion inhibitor in petroleum sector. 

 The formula C1 at dose 100 ppm can be used as good corrosion inhibitor and as biocide for sulfate 

reducing bacteria. 
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