©O0 0000

daa) g e [ Adad gy Al ) oda ad ) a0

i (98 e glaal) i o150 5 CASAED) S sad (o g YD (381 andy

Al ol (5 st e A giua

D g Y -caadla




AIN SHAMS UNIVERSITY

"A study on the inhibitory effect of some synthesized surfactants

against biofilms to mitigate microbial corrosion”

A THESIS SUBMITTED
BY

Atef Sayed Mohamed Kobisy
(M. Sc. In Microbiology 2014)

A thesis submitted in partial fulfillment of the requirements for the degree of
DOCTOR OF PHILOSOPHY in Science

(Microbiology)
(Bacteriology)
To

Microbiology Dep., Faculty of Science, Ain Shams University

Supervised by

Prof. Dr. Einas Hamed EL Shatuory Prof. Dr. Ismail Aiad
Prof. of Microbiology, Microbiology Dep., Prof. of Applied Ch., Petrochemicals Dep.,
Faculty. of Sc., Ain Shams University Egyptian Petroleum Research Institute
Asst.Prof. Dr.Salah Mahmoud Tawfik Dr. Hussein Nabil Nassar
Petrochemicals Dep., Researcher of microbiology, Dep. of
Egyptian Petroleum Research Institute Process Design and Development

Egyptian Petroleum Research Institute

(2022)



ACKNOWLEDGEMENT

I AM DEEPLY THANKFUL TO ALMIGHTY GOD FOR SHOWING ME THE RIGHT

PATH AND HELPING ME TO COMPLETE THIS WORK.

It is great honor to express my deepest gratitude and appreciation to my supervisor Prof. Dr. Einas

Hamed EL Shatuory for her kind help, encouragements and representing the thesis.

Also | would like to dedicate this work to the late Professor Ismail Aiad, and | pray to God Almighty

to bless his soul for his previous supervision, advices, continuous orientation and unlimited support.

I would like to give my grateful and special thanks to my supervisor, Dr. Hussein Nabil Nassar at
the Egyptian Petroleum Research Institute for his guidance during all the steps of the work that really

help me to finish up this project.

Deep thanks also for Dr. Salah Mahmoud Tawfik in Egyptian Petroleum Research Institute for his

supervision, continuous guidance, and representing data of this thesis.

Special thanks for Dr. Samy Shaban for his kind assistance in conducting this work.

I am grateful to members of research, Laboratory of Biocide in chemical services and development
center (CSDC), Laboratory of Biotechnology in department of process design and development and

Central analytical lab, Egyptian petroleum Research Institute (EPRI).

| am also grateful to my great parents and my lovely wife for their continuous encouragements,

unlimited support and inspirations given to me to accomplish these challenging years of study.



1 2.2.2.2.2.0.0.2.60.9.2.0.0.0.0.0.2.0.0.00020028082880822888808088802808888080888.08.0.88

Dedication
To my great parents, brothers,
My wife Rasha and my lovely children
Hamza, Ahmed,

Rody & Obay

2424 24 26 24 24 24 24 24 2 24 2 26 2 24 24 26 26 2 24 2 24 2 26 24 24 24 24 24 2 24 2 2 24 4 2 24 4 2 24 6 2 26 4 2 26 6 2 26 6 2 26 24 2 26 4 2 26 4 2 26 24 2 24 24 2 26 24 2 26 24 2 26 24 2 26 24 2 26 24 2 ¢
2424 24 26 56 26 24 24 24 2 24 2 26 2 24 4 26 26 2 24 2 24 2 26 24 26 24 24 24 2 24 24 2 24 4 2 24 4 2 24 4 2 24 4 2 26 6 2 26 6 2 26 4 2 24 4 20 26 4 2 24 24 2 24 24 2 26 24 2 24 24 2 26 24 2 26 24 2 26 24 2 ¢

1.2.2.8.2.2.0.9.2.0.2.2.0.9.2.0.0.2.0.0.20.0.200280080000808080808080008808080008080808.8.0.



CONTENTS

Subject page
. . v
List of Abbreviations
List of Tables v
List of Figures Vi
List of photographs Vil
ABSTRACT 1
INTRODUCTION 3
AIM OF THE WORK 8
LITERATURE REVIEW 10
Definition of microbially influenced corrosion (MIC) 12
Microorganisms involved in MIC 14
Sulfate-reducing bacteria (SRB) 14
Taxonomy of SRB 15
Mechanism for MIC due to SRB 20
Biofilm induced corrosion 23
Techniques employed for biofilm characterization 25
Microbial corrosion control strategies 34




Oxidizing Biocides 37
Non - Oxidizing biocides 38
Novel microbial corrosion control strategies 40
Surface active compound (surfactant) 45
Classification of surfactant 45
Surfactant properties 48
Other related studies 49
MATERIALS AND METHODS 58
Materials 58
Bacterial growth media 58
Chemicals used for synthesis of Schiff base cationic 61
surfactants

Methods 62
Collection and preparation of samples used for isolating SRB 62
Microbiological methods 63
Microbial Community Analysis 67
Chemical methods 68
Synthesis of Schiff base cationic surfactants 68
Synthesis of fatty acid ester with vanillin 70

Synthesis of Schiff base compounds

70




Quaternization of the prepared Schiff bases 71
Confirmation of chemical structure of the prepared Schiff

base cationic surfactants 72
Surface activity of the synthesized surfactants 72
Experimental setup for microbial corrosion study 76
EXPERIMENTAL RESULTS 79
SRB consortia and cultivation conditions 79
Microbial community structure 83
Microbial communities in the sample at the phylum level 89
Microbial communities in the sample at the family level 90
Microbial communities in the sample at the genus and species 90
levels

Chemical methods 92
Confirmation of chemical structure of the synthesized cationic 92
surfactants

Surface activity of the synthesized surfactants 102
Biocidal effect of the synthesized cationic surfactants on the 104
activity of sulfate reducing bacteria

DISCUSSION 116
SUMMERY 138
CONCLUSION 144
REFERENCES 147
ARABIC SUMMERY -V




LIST OF ABBREVIATIONS

Symbol Meaning

APB Acid-producing bacteria

API American Petroleum Institute

ATP Adenosine Triphosphate

CFU/ml Colony Forming Unit per mililitre

CLSM Confocal laser scanning microscopy

CMC Critical Micelle Concentration

EPS Extracellular polymeric substance

GC Gas chromatography

FTIR Fourier transform infrared spectroscopy
MIC Microbially influenced corrosion

mN /m Milinewton per meter

MPN Most probable number

NACE National Associstion of Corrosion Engineering
nm Nanometer

NMR Nuclear magnetic resonance spectroscopy
NR-SOB Nitrate-reducing/sulfide-oxidizing bacteria
NUB Nitrate-utilizing bacteria

PCR Polymerase chain reaction

ppm Part per milion

sp. Species

SEM Scanning electron microscopy

SRB Sulfate-reducing bacteria



LIST OF TABLES

Table Subject Page
1.1 | Taxonomic Characteristics of some representative genera of
sulfate-reducing microorganisms. 17
21 Composition of Postgate medium B. 59
2.2 | Composition of Postgate medium C. 60
Physicochemical characterization of formation water collected
2.3 . .
from oil production tank. 62
31 Different surface parameters of new synthesized surfactants Q12,
' Q14 & Q18. 104
The most probable number and biogenic sulfide concentration
3.2 along incubation period with different doses of synthesized 107
cationic surfactant.
3.3 | The minimum inhibitory concentration of the synthesized cationic
surfactant against SRB. 111
3.4 Weight loss, corrosion rate and corrosion inhibition efficiency of
the new synthesized cationic surfactants. 114
35 Comparison of inhibition efficiency of the synthesized cationic
surfactants with those of previously published cationic and anionic 115

surfactants.




\

LIST OF FIGURES

Figure Subject Page
Representation of the interaction between;
microorganisms, media, and metals on microbially 11
11 influenced corrosion formation.
Phylogenetic tree based on nearly complete 16S ribosomal
12 RNA (rRNA) sequence of described sulfate-reducing 19
bacteria species.
Schematic diagrams of Fe corrosion by SRB based on the
1.3 : ot 29
cathodic depolarization theory.
1.4 Schematic diagram of a surfactant molecule.
45
15 Different types of surfactants. 16
Adsorption isotherm of surfactants in solution that
16 influence CMC. 49
Schematic representation for production, confirmation &
2.1 evaluation of the new cationic surfactant. 68
Schematic representation for Steps involved in the
2.2 synthesis of the cationic surfactant. 69
3.1 Rarefaction curves revealing the number of reads with the
[A, B, C&D] | number of observed species (OTUs) (A), Simpson index
(B), Shannon index (C) and Chaol estimator (D) found in 81-82

the gene libraries for formation water sample.




Vi

3.2 Representation of Krona chart at Phylum level (A), Family | g4.g5

[A, B, C] level (B) and species (C).

S Chart representation for Phylum level A, Class level B&
[A. B, C] Order level C) 86-87
3.4 Chart representation for family level A, Genus level B&

[A, B, C] Species level C). 88-89
3.5 FT-IR spectrum for Q12, Q14& Q18 surfactant. 93-95
3.6 H-NMR spectrum for Q12, Q14& Q18 surfactant. 97-

101
Surface tension plots of the new synthesized surfactants
3.7 Q12, Q14 & Q18. 103
3.8 Specific conductivity for Q12, Q14 & Q18. 103
The change in biogenic sulfide concentration along
39 incubation period of SRB with and without synthesized 106
surfactants at dose of 500ppm.
Schematic representation for biochemical process and
41 mechanism of biocorrosion on carbon steel surface in 119

corrosive environment.




Vil

LIST OF PHOTOS

Photo 1.1.: The tensiometer-K6 processor (Kriss Company,

73
Germany) using the ring method.
Photo 3.1.: A cross section in a pipeline damaged by microbial
corrosion. 79
Photo 3.2. (A & B): Growth medium with iron coupons injected with 108
synthesized surfactants Q12, Q14 & Q18 compared with
control samples.
Photo 3.3. (A, B, C, D, E & F): The metal surface of iron 109-110
coupons after incubation period under Scanning Electron
Microscopy SEM.
Photo 3.4: The bacterial growth in Postgate medium B with and 112

without surfactants treatment.




soasll osan sl alll gy

ta ¥y 15T g ¥ 2t Ll

-

gl gglell 2l 26 155402

gyl alll g
32 &s3ll K ygua




Abstract -

Sulfate reducing bacteria are considered as the major cause of

ABSTRACT

microbial induced corrosion. It contributes to a lot of environmental
and other major industrial problems in petroleum industry. In this
work, three Schiff base cationic surfactants coded (Q12, Q14 and
Q18) were synthesized and characterized using FT-IR and!H-NMR
techniques. Mixed culture of SRB collected from an oil field
production tank located in North Bahrya Petroleum Company
(NORPETCO), Egypt. Metagenomic analysis using next generation
sequencing technique was used to identify and characterize the

microbial community of collected samples.

The antimicrobial effect of the new synthesized surfactants was
studied against the target SRB along its different growth phases by
different methods; viable cell count via most probable number
method, estimation of biogenic sulfide concentrations, weight loss of
iron coupons in microbial growth medium and biofilm examination
on coupon surfaces using scanning electron microscope.

The results of metagenomic analysis revealed that the formation

water sample has a high degree of microbial variation, where the



Abstract -

phylum Proteobacteria was most dominant with 60% of total reads
in the phylum level, it was also overwhelmingly dominated by the
family Desulfovibrionaceae and it was found to comprise about
(53%) of total reads. Moreover, Desulfovibrio alaskensis was the
most predominant species of sulfate reducing bacteria SRB in the
sample.

The synthesized surfactants expressed a high inhibition effect on the
bacterial growth, recording a minimum inhibitory concentration of
750 ppm for Q18 and 1000 ppm for both Q12 and Q14, with a
considerable decline in the biogenic sulfide production from dose of
500 ppm until the complete suppression at a dose of 1000 ppm. Also
the synthesized surfactants showed sufficient metal corrosion
inhibition at a concentration of 500 ppm. These results were
confirmed by the scanning electron microscope images.

Key words: : Sulfate reducing bacteria; Environmental concerns;
Biocide; Corrosion inhibitor; Vanillin Schiff base; Cationic

surfactants.



