NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N

=




=X

Y7
12

SN NN N NN NN NN AN N NN/

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

i el
@ ASUNET

4 '

5
*

* &

U

by edead]
he S

Ll

ds2
ol
.

€
MONA MAGHRABY

BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

oA DEAD DA ADEEADEDEAE AN EADE=

PR AR A A A A A A A A



BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

PORICE

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

A Balal) ¢ alial) 4l
b 9 i 38 daadall ol BY) ol o

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

il §
9
4y

»

okl e
o

<

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

PR AR A A A A A A A A

=




slimsSll and — o hall 48

“A Study on some Amphiphilic lonic Liquids
as Oil Spill Dispersants”

Carmen Elsayed Elbadawy Moustafa Elshafiee
B.Sc. (Chemistry) 1997
M.Sc. (Chemistry) 2018

For the requirement of Ph.D.Degree of Science in Chemistry
Prof. Mostafa Mohamed Hassan Khalil
Prof. of analytical Chemistry, Ain Shams University
Prof. Mohamed El-Badry Shaban
Prof. of Organic chemistry, Ain ShamsUniversity
Prof. Yasser Mohamed Moustafa
Prof. of inorganic chemistry, Head of EPRI.
Prof. Renee Ibrahim Abd-Allah
Prof. of Physical Chemistry, EPRI
Prof. Maher Ibrahim Nessim

Prof. of Organic Chemistry, EPRI
To

Department of Chemistry
Faculty of Science, Ain Shams University

2021


http://www.google.com.eg/url?sa=i&source=images&cd=&cad=rja&docid=YmNli88GMTb42M&tbnid=p5oPUwd9DwuhvM:&ved=0CAUQjRw&url=http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:%D8%B4%D8%B9%D8%A7%D8%B1_%D8%AC%D8%A7%D9%85%D8%B9%D8%A9_%D8%B9%D9%8A%D9%86_%D8%B4%D9%85%D8%B3.png&ei=Y-4SUsnZJeyb0wXRu4GABw&psig=AFQjCNHkyQYI_8CFvWtwrPjtiLfxZg4mTQ&ust=1377058752243413

slimsSll and — o hall 48

Name: Carmen Elsayed Elbadawy Moustafa Elshafiee
Degree: Ph.D in chemistry

Title: A Study on some Amphiphilic lonic Liquid as Qil

Spill Dispersants.

Supervisors

Name Position signature
Prof. Moustafa Prof. of analytical Ichemistry,
Mohamed Hassan Ain Shams University
Khalil.

Prof. Mohamed Elbadry  Prof. of Organic Chemistry, Ain
Ali Shaaban Shams University

Prof. of inorganic chemistry,
Prof. Yasser Mohamed f. of inorg Y.

Head of EPRI.
Moustafa
Prof. Renee Ibrahim Prof. of Physical Chemistry,
Abdallah EPRI
Prof. Maher Ibrahim Prof. of Organic Chemistry,
Nessim EPRI

Head of Chemistery Departement

Prof.Dr.Ayman Ayoub Abdel-Shafi


http://www.google.com.eg/url?sa=i&source=images&cd=&cad=rja&docid=YmNli88GMTb42M&tbnid=p5oPUwd9DwuhvM:&ved=0CAUQjRw&url=http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:%D8%B4%D8%B9%D8%A7%D8%B1_%D8%AC%D8%A7%D9%85%D8%B9%D8%A9_%D8%B9%D9%8A%D9%86_%D8%B4%D9%85%D8%B3.png&ei=Y-4SUsnZJeyb0wXRu4GABw&psig=AFQjCNHkyQYI_8CFvWtwrPjtiLfxZg4mTQ&ust=1377058752243413

Acknowledgment

First and foremost, praises and thanks to the God, the
Almighty, for His showers of blessings throughout my research

work to complete the research successfully.

| would like to express my deep and sincere gratitude to
Prof. Dr. Moustafa Mohamed Hassan Khalil, Professor of
Inorganic Chemistry, Faculty of Science, Ain Shams University for
his guidance helped me in all the time of research and writing of of

this thesis.

| would like to express my special thanks of gratitude to
Prof. Dr. Mohamed Elbadry Ali Shaaban Professor of organic
Chemistry, Faculty of Science, Ain Shams University for his
supervision, valuable guiding and support during the progress of

this work.

My sincere thanks also to Prof. Dr. Yasser Mohamed
Moustafa, Professor of in Inorganic Chemistry, Analysis &
Evaluation department, head of Egyptian Petroleum Research
Institute for providing me invaluable guidance throughout this
research. His vision, sincerity and motivation have deeply inspired

me.

| wish to express my deep thanks to Prof. Dr. Renee

Ibrahimn Abd-Allah Prof. of physical Chemistry, Analysis &



Evaluation department, Egyptian Petroleum Research Institute,

for her supervision and beneficial help all over the work.

| would like to express my gratitude and appreciation for
Prof. Dr. Maher Ibrahim Nessim Prof. of Organic Chemistry,
Analysis & Evaluation department, Egyptian Petroleum Research
Institute. whose guidance, support and encouragement has been

invaluable throughout this study.

| would like to say a special thank you to, Dr. Raghda EI-
Nagar in analysis and evaluation department, Egyptian petroleum
Research Institute. without your help and wise guidance this thesis

would have not been the same!

| would like to express my gratitude to all staff members of
Egyptian Petroleum Research Institute especially members of the

central lab and routin lab analysis for their co-operation.

Finallly, from the bottom of my heart | would like to say big
thank you to my lovely mother for her kind help.Warmest thanks
to my dear husband for his love,patience and giving me the

strength to finish my work.



List of Contents

Pages
Acknowledgement
List Of TabIeS.....uiiceiice e
LiSt Of FIGUIES ..ttt s sae e aa s
List Of SChEMES.....ovi e
List of Abbreviations..........c.coeeeineenicinececre e
AIm Of the WOTK ....veeiiiriciie e
ADSErACE ... e
Chapter I. Introduction 1
1.1, Crude OilS..cciciiececicie e s 5
1.1.1. Composition of crude Oil......ccccccoveuevrererennnns 5
1.1.1.1. Saturates......cooeveviviininiceieininns 10
1.1.1.2. AromatiCS....cocuvirerieiereieiieinireenne 10
1.1.1.3. RESiNuutiiiiiiitieircrcccc e 11
1.1.1.4. Asphaltenes......ccooecveeceecenicecceeceee, 12

[1.2. Different ways to solve the previous problemes................ 15

1.2.1. Physical weathering process......cccceevrvecvennnns 15

1.2.2. Mechanical Method ........cccococeininvcinecncnenne 18

1.2.3. Biological Method .......cccoeereeeecirvieieeee. 19

1.2.4. Chemical Method ........ccccveeneincenreceee 20

1.3, 10ONIC LIQUIAS weevrecreceieeereereetieeeee ettt ere e 25
1.3.1 CatioN e 26
1.3.1.1. Five membered Heterocyclic Cations ... 26

1.3.1.2. Six membered and Benzo-Fused 27



Heterocyclic cations ........ccccveeeeceennnne
1.3.1.3. Ammonium,Phosphonium and  Sulfonium
based CatioN.......cooveivevrrernireceer e
1.3.1.4. Functionalized Imidazolium cations.............
1.3.1.5. Chiral Cations......cccceveivininininirecneenee e

1.3.1.6. Chiral Cations ....cceeevvveviviieieeeiiee e eeee s

1.3.2, ANION e

1.3.3. Properties of ionic liquid .........ccccee.....

1.3.3.1. Extremely low vapor pressure..........

1.3.3.2. Melting point and Thermal stability
1.3.3.3. SOlUbIlity...ccvereeeireire e,

1.3.3.4. Electrochemical stability........cccevvvevennnnnns
1.3.3.5. Viscosities and Densities.......cccveveevverrneeenne.

1.3.4. TYPeS OF ILS..euvrieriiieeecre ettt et

1.3.4.1. Halogenated ionic liquids.........cccccevurrunee.

1.3.4.2. Halogen Free ionic liquids.........ccccevrreeneee.

1.3.4.3. Halid Free ionic liquids......c.coeecvenuens

1.3.4.4. Phosphorus-Based lonic Liquids......

1.3.4.5. Sulfur-Based lonic Liquids.........ccceeevemennne.
1.3.4.6. Protic-lonic Liquids (PILS)......cccceevvereeereennene.

1.3.4.7. Functionalized-lonic Liquids (FILs).............

1.3.5. Applications of lonic Liquid.....................
1.3.5.1. lonic liquid as lubricating................
1.3.5.2. lonic Liquids as catalyst...................

1.3.5.3. lonic Liquids as acid gases capture

28
29
29
30
31
31
31
32
34
34
35
35
36
37
40
42
43

45
45
47



1.3.5.4. lonic Liquids as surfactants.........c.cc........ 50

1.3.5.5. ILs oil spill dispersants.........ccccceevvrvrnrnene 51
Chapter Il. Experimental 54
2.1 MaterialS. ..o 54

2.2. Synthesis of dicationic ionic liquids (la-c,lla-c & llla-c)... 54
2.3. Characterization......cccoueeeeceie e e 58

2.3.1. Fourier transforms infrared spectroscopy (FT- 58

NIVIR) e ev e eee s s e eeeseeene e eeeeeeseses e esseesese s seseeneees
2.3.3. Thermal Gravimetric Analysis (TGA)......cccceveevererennn. 59
2.3.4. Elemental analysis......cccoeveveveececeieieiniseeeee e e 60
2.4. Surface tension MeasuremMents.......coccouveveeererereneereenennes 60
2.4.1. Interfacial tension measurements.........c.cccccuu..... 61
2.4.2. Emulsion stability......cccoceeoeeiiie i, 61
2.5. Quantum chemical parameters.........ccoeeveeveereerecveereenrens 61
2.6. Physicochemical properties of the delivered crude oil............ 62
2.7. Evaluation of (la-c) as oil spill dispersants.........cccoeeeeeevrecrennas 62
27.1. Efficiency teSt... e e 62
2.7.2. Group composition (SARA) analysis......cc..ceevenene 65
2.8. Acute tOXICItY teST. ittt e e e 67
2.8. 1. FiShuuiicieceeice s s 67
2.8.2. Determination of 96h-LCsg....ccccvervrercerereeerrescerereeireenes. 67

2.9, RECYCIING ittt e et st 68



Chapter lll. Result &Discussion 69

3.1. Characterization of (13-C) ...ccevveeeeveerecrceireierreeeeee e 69
3.1.2. FT-IR SpectroSCOPY....ccccevuerverneerienniecneeeee e 69
3.1.2. H:-NMR SPeCtroSCOPY ...covvvererreerereeerererererererenenes 76
3.1.3. Thermo-gravimetric Analysis (TGA)......c..ccc...... 92
3.1.4. Elemental Analysis.......ccooeevevenieecieere e 97

3.2. Surface tension measurements.......c..ccceeveeerreeereeneenenes 98

3.2.1. Emulsification power and interfacial tension... 98
3.2.2. surface parameters.......ccoceceve e cceeveeeieeccee e e 99

3.2.2.1.Surface tension and critical micelle 99

CONCENEFAtiON. ..ottt e

3.2.2.2. EffectiVeness......coccveeenerineeieice s 104
3.2.2.3. Efficiency (Pc2o )eeeeeeeeereeieeecestesee e ereneeveeeee e 104
3.2.2.4. Maximum surface excess (fTmax)......cccceeveevervennne. 104
3.2.2.5. Minimum surface area (Amin)......ccccccveevmereeerenenne. 105

3.2.3. Standard free energy of micellization 105

(AG°mic), and standard free energy of adsorption

(AG®AAS)crveureiiee ettt ettt sresreeeraens
3.3. Quantum chemical calculations..........cccccoeineverinncineenen. 107
3.4. Physicochemical characteristics of heavy crude oil........ 117
3.4.1. Effect of ratio of dispersant to crude oil 118
(WEIWEZD) et v s aer e vaerans
3.4.2. Effect of StrUCTUIE....cc.cvceceie e 120
3.4.2.1. Length of spacer between two cations........... 121

3.4.2.2. Structure of pyridinium cations.........ccccen...... 126



3.4.3. Effect of temperature........ccveveveveneevecceccececenen
3.4.4. Effect of synthesized dispersants la-c, lla-c &llla-

c on crude 0il COMPOSILIONS.....cccevererirririeeeeieireeene

3.4.4.1. Gas chromatography analysis of saturates
FraCtioN e e
3.4.4.2.Polyaromatics hydrocarbons (PAHs)...............
3.5. For light crude Oil......ccoceveeeieeieeeeter e
3.5.1. Dispersion efficiency of Illb on light crude oil
COMPOSITION ...t e e
3.5.1.1. Gas chromatography analysis of saturates
FraCtioN...co e e
3.5.1.2. Polyaromatics hydrocarbons (PAHs)...............
3.6. Acute toxicity of the prepared dispersants......................
3.7. Recycle of synthesized DILs.......c..ccceeveeveereceeveenreereeeenns
4. CONCIUSION....eiiiteciciie et e
Chapter IV. References

Arabic SUMMAIY. ..o e

128

130

140
152
153

154

156
158
162
165
167



List of Tables

No. Title Page
Table (3-1) FT-IR Spectroscopy of la-c,lla-c & llla-C ......ccecoveueneneeee. 75
Table (3-2) H1-NMR spectroscopy Of 13-C .....ooevvrrveemriveerrieeeeveeeeenenns 80
Table (3-3) TH-NMR FOr Ha-11C ettt e s 84
Table (3-4) TH-NMR O THA-ICuur v ettt ev e s 88
Table (3-5) elemental analysis of la-c, lla-c &ll1a-C.......cccvvvrrvrerinnene 97

Table (3-6) Surface properties of the synthesized surfactants (la- 98
(o | =B ol <71 | F= o) PO U OO

Table (3-7) Surface parameters of the synthesized ILs (la-c, lla-c 103

&UTTA=C) vttt st st st s
Table (3-8) Quantum chemical calculations for la-c, lla-c&llla-c... 116
Table (3-9) Physicochemical characterization of heavy crude oil.. 117
Table (3-10)  Physical Properties of sea water........c.cccoecevvvevrrverrennen. 117
Table (3-11)  Inorganic Chemical Constituents of sea water............. 118
Table (3-12)  Dispersion effeciency % @ 10°C......ccccceeveeveveevrvervecnnnne 119
Table (3-13)  Dispersion effeciency % @ 30°C......cccceeveeverevecrerereeenns 119
Table (3-14)  Dispersion effeciency % @ 50°C......cccovevvvvrvereceereennenne. 120
Table (3-15)  SARA analysis of tested crude Oil......ccccceeveevevvenvvervennnne. 129
Table (3-16)  gravimetric determination of efficiency........................ 129
Table (3-17)  SARA analysis of treated crude Oil.........cooevvvrvervenenen. 128
Table (3-18)  Gas chromatographic analysis of blank heavy oil....... 131

Table (3-19)  Gas chromatographic analysis of dispersed oil with la 132



Table (3-20)
Table (3-21)
Table (3-22)

Table (3-23)

Table (3-24)

Table (3-25)

Table (3-26)

Table (3-27)
Table (3-28)
Table (3-29)
Table (3-30)
Table (3-31)
Table (3-32)
Table (3-33)
Table (3-34)
Table (3-35)
Table (3-36)
Table (3-37)
Table (3-38)
Table (3-39)
Table (3-40)

Gas chromatographic analysis of dispersed oil with Ib...
Gas chromatographic analysis of dispersed oil with Ic.......

Gas chromatographic analysis of dispersed oil with

Gas chromatographic analysis of dispersed oil with lllc......
HPLC for blank heavy crude Oil.......ccccceoeimininecece e
HPLC for treated crude oil with la.......cccocevevierinennenns
HPLC for treated crude oil with Ib......ccccooeiieinncnnne.
HPLC for treated crude oil with IC......cccoceviververccinnen.
HPLC for treated crude oil with lla........ccccoevvvrrenennne.
HPLC for treated crude oil with llb.......ccccevvvvvivnenennne.
HPLC for treated crude oil with llc......cccooeirineiennnnns
HPLC for treated crude oil with llla.......ccccoceveeieinnnns
HPLC for treated crude oil with lllb.......ccccvveeverenencnenen.
HPLC for treated crude oil with HIC......cccovveeveevricrceeeee,
Physicochemical characterization of light crud ail..............
Effeciency test for light crude Oil.......cccovevrieiiienn

SARA analysis of light crude oil without and with lllb..........

133
134
135

136

137

138

139

140
142
143

144
145
146
147
148
149
150
151
152
152
154



Table (3-41) Gas chromatographic analysis of blank light crude oil......... 154

Table (3-42) Gas chromatographic analysis of treated light crude oil 155
WIEH 1D et
Table (3-43) HPLC for tested light crude Oil........cccveveieiniriceceeeee e 156
Table (3-44) HPLC for treated light crude oil with lllb...........cceeveueeeen. 157
Table (3-45) Determination of the 96-h LCsofor 1b.......ccovvevvevveveeeeenee. 159
Table (3-46) Determination of the 96-h LCso for llb.......cccoeeveuerererrnienenen. 160
Table (3-47) Determination of the 96-h LCso for lllb.......ccocevecrervnrennene. 161
Table (3-48) Recycling of lllb as oil spill dispersant..........ccccccecververennnee. 163



