©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




e InEs

e iniegale
AIN SHAMS UNIVERSITY

sl aud — a glall 4K

Preparation and Characterization of Modified
Biopolymers for Improving Crude Oil Production under
Egyptian Reservoirs Conditions
Thesis Submitted by
Samah Abd Alhadi Mohammed Abou-Alfitooh
B.Sc. (Special Chemistry) 2013
M.Sc. (Physical Chemistry) 2017

For the requirement of Ph.D. Degree of Science in
Chemistry

Prof. Dr. Fouad Ibrahim El-hosiny
Professor of Physical Chemistry - Chemistry Department- Faculty of

Science - Ain Shams University.

Prof. Dr. Mahmoud Ramzi Mahmoud
Professor of Chemistry & Engineering Sciences and Enhanced Oil
Recovery and Acting Head of Petroleum Production Department -
Egyptian Petroleum Research Institute.
Dr. Abd El -Aziz Nasr Mouawad
Associate Professor of Applied Chemistry- Petroleum Production
Department- Egyptian Petroleum Research Institute.
Dr. Eman Mohamed Ibrahim Mansour
Associate Professor of Engineering Sciences - Petroleum
Production Department- Egyptian Petroleum Research Institute.

To
Department of Chemistry

Faculty of Science, Ain Shams University
2022



e InEs

e iniegale
AIN SHAMS UNIVERSITY

sLasl i — o glall €
Preparation and Characterization of Modified

Biopolymers for Improving Crude Oil Production
under Egyptian Reservoirs Conditions

By
Samah Abd Alhadi Mohammed Abou-Alfitooh

Thesis Advisors Approved

Prof. Dr. Fouad Ibrahim El-hosiny
Professor of Physical Chemistry - Chemistry Department- Faculty of

Science - Ain Shams University.

Prof. Dr. Mahmoud Ramzi Mahmoud

Professor of Chemistry & Engineering Sciences and Enhanced Oil
Recovery and Acting Head of Petroleum Production Department -
Egyptian Petroleum Research Institute.

Dr. Abd El -Aziz Nasr Mouawad

Associate Professor of Applied Chemistry - Petroleum Production
Department- Egyptian Petroleum Research Institute.

Dr. Eman Mohamed Ibrahim Mansour

Associate Professor of Engineering Sciences - Petroleum Production
Department- Egyptian Petroleum Research Institute.

Head of Chemistry Department

Prof. Dr. Ayman Ayoub Abdel-Shafi









ACKNOWLEDGEMENT

e~
First of all, I should express my deep thanks to Allah, with his grace
this work was accomplished.

I would like to express my special appreciation and thanks to
Prof. Dr. Fouad Ibrahim Elhosiny, Professor of Physical
Chemistry, Faculty of Science, Ain Shams University for his Rind
supervision, guidance and sponsoring the thesis to the university.

Deep thanks and gratitude to Prof. Dr. Mahmoud Ramzi
Mahmoud, Professor of Chemistry & Engineering Sciences and
Enhanced Oil Recovery and Acting Head of Petroleum Production
Department - Egyptian Petroleum Research Institute (EPR]) for
the continuous support of my Ph.D. He is one of the best
supervisors that I have had in my life. He spent time instructing me
how to think, write thesis and how to search literature. Also, for his
valuable discussion that made this work possible outcome in this
form.

I would like to express my special appreciation and thanks to
my advisor Or. Abd El -Aziz Nasr Mouawad, Associate Professor
of Applied Chemistry - @etroleum Production Department-
Egyptian Petroleum Research Institute (EPRI). He has been a
tremendous mentor for me. I would like to thank him for
encouraging my research and for allowing me to grow as scientist
researcher. I have learned many things since I became Dr. A6d El -
Aziz's student. He spent time instructing me how to think, write
thesis and how to search literature. Also, for his valuable discussion
that made this work possible outcome in this form. His brotherhood
guidance helped me throughout the time of research and in writing
this thesis. I could not have imagined having a better advisor and
mentor for my Ph.D. study.



ACKNOWLEDGEMENT

Deep thanks and gratitude to Dr. Eman Mohamed Ibrahim
Mansour, Associate Professor of Engineering Sciences - Petroleum
Production Department- Egyptian Petroleum Research Institute
(EPRI), for the continuous support of my Ph.D. study and related
research, for her patience, motivation, and immense Rnowledge. Her
guidance helped me in all the time. She spent time instructing me
how to think, write thesis and how to search literature. Also, for her
valuable discussion that made this work, possible outcome in this

form.

Deep thanks and gratitude to Dr. Osama Muhammed E[
Naggar, Associate Professor of Enhanced Production Chemistry-
Petroleum Production Department - Egyptian Petroleum Research
Institute (EPR]), for his Rind help, encouragement and continuous
advises and valuable guidance during the research.

It is a pleasant duty of the author to express her gratitude to
all of her colleagues and all staff members of the PVT center
especially Prof.Dr. Saad E[Din Mohammed Desouky, Professor of
Petroleum Engineering- Petroleum Production Department-
Egyptian Petroleum Research Institute (EPR]) for his continuous
encouragement and help.

Special thanks to my family. Words cannot express how
grateful I am to my family: my parents and my lovely sisters
especially my sister Fawzya for her encouragement, advice, help and
supporting me in my life in general.

Finally, I also find myself indebted with deep special thanks
to my husband who has been a constant source of support and
encouragement and a tremendous mentor for me. Indeed, no words
can express my deeply appreciation and gratitude. I am truly
thankful for having you in my [ife.

Really, I love you all

Samabh.



LIST OF ABBREVIATIONS

LIST OF ABBREVIATIONS

OPEC
OOIP
EOR
IFT

API

Nc

Aw
Ao
Krw

Krw

Ho
Ss

S/

cp
HPAM
XG
GG

AM

Organization of the Petroleum Exporting Countries
Original Oil in Place

Enhanced Oil Recovery

Interfacial Tension

(American Petroleum Institute) defined as stock tank oil
API gravity.

Capillary Number
Mobility Ratio

Water Phase Mobility
Oil Phase Mobility
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ABSTRACT

ABSTRACT

The world continues to rely heavily on oil for primary energy where, the
uses for petroleum have expanded to almost every area of life. To meet the
rising energy consumption in the world and depletion of conventional
hydrocarbon resources, there is a dire need to produce more crude oil so, the oil
and gas industry needs new developed techniques called enhanced oil recovery
(EOR) for increasing recovery rate and productive index. Enhanced Oil
Recovery occurs after all possible oil is pumped out of the ground using

traditional methods (Primary and secondary).

Polymer flooding is one of the most widely used EOR methods to retrieve
oil left behind after conventional recovery processes where polymers have
benefits in enhancing the viscosity of water solution, which in turn reducing the
mobility ratio between water and oil, resulting in improvement of sweep
efficiency. It has been used for more than 40 years to effectively recover the
remaining oil from the reservoir. Polymers from natural sources have been
selected because the raw materials are in abundance, readily available, easy to
handle, environmentally friendly, and biodegradable. Their rigid structure and
long polysaccharides chains make them suitable to withstand the harsh reservoir
conditions. In the last few years, increasing interest has been shown in the
synthesis of chemically modified polysaccharides through grafting with
synthetic vinyl monomers that combine the advantages of both synthetic and

natural polymers.

In this study, two biopolymers (xanthan gum and guar gum), have been
modified by introducing vinyl monomers and vinyl silane monomer to xanthan
gum, guar gum and a mixture of two biopolymers together by free radical
emulsion polymerization reaction using potassium persulfate as an initiator and

sodium dodecyl sulfate as emulsifier.



ABSTRACT

The prepared composites have been characterized through different
techniques such as FTIR, 1H-NMR, Atomic Force Microscope (AFM), while
particle size and particle size distribution have been characterized by Dynamic
Light Scattering (DLS) and thermal properties characterized by Thermal
Gravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC).
Rheological properties for the prepared composites have been evaluated at
different conditions (concentration, temperature, salinity, shear rate and shear

stress) simulated to flooding environment.

After that, the prepared composites were be evaluated for EOR applications
through flooding experiments using sandstone packed model. Finally, the
feasibility study of the product was be studied.

It was indicated from the rheological analysis that all ten modified
components are pseudoplastic fluids, which are preferred for chemical flooding
tasks. It was also indicated from this analysis that the five modified composites
which contain silica particles have more temperature resistance, salt tolerance,
and improved viscosity properties than the five modified composites without
silica particles and the modified two biopolymers together (XG-g-GG&AM;
XG-g-GG, AM&TEVS) are more stable than both separately. The flooding data
assumed that the prepared composites are suitable for EOR techniques where
they can withstand the severe reservoir condition and achieve a recovery factor
up to 33, 36, 52, 55, 23, 25, 43, 47, 62 and 70% from residual oil by using XG-
g-AM&MMA,;  XG-g-AM&NVP; XG-g-AM, MMA&TEVS; XG-g-AM,
NVP&TEVS; GG-g-AM&MMA,; GG-g-AM&NVP; GG-g-AM, MMA&TEVS;
GG-g-AM, NVP&TEVS; XG-g-GG&AM; XG-g-GG, AM&TEVS respectively.
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