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Abstract

The aim of this work is to investigate the synthesis of
biodiesel from waste cooking sunflower oil (WCSO) and
calcined eggshell as low-cost catalyst in a batch reactor.
The eggshell was calcined in a muffle furnace at
temperatures 700,750, 800, 850, and 900°C and duration 1,
2, 3, 4, and 5 hr. The chemical and physical properties of
the catalyst were carried out using Fourier transforms
infrared spectrophotometry (FTIR), X-ray diffraction
(XRD), Emmet and Teller (BET), and Scanning Electron
Microscopy (SEM) with Energy Dispersive X-Ray Analysis
(EDX). The best catalyst performance (yield of biodiesel
96.11 wt. %) was obtained at 900 °C for 3 h. The BET and
pore volume of the prepared catalyst were 12.5 m?/g and

0.0033 cm?/g, respectively.
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Chapter one Introduction

CHAPTER ONE
INTRODUCTION

1.1 Introduction

In the light crises of depletion, petroleum fuel and high petroleum
fuel price, there is a strong need to reduce the world's reliance on fossil
fuels and replace it with other more sustainable energy sources such as
geothermal energy, solar energy, tidal energy, wind energy, and biofuel
(Marinkovic er al., 2016; Nurdin ef al., 2017).

The energy crisis of the 1970s led to vigorous investigations
pertaining to the use of biodiesel as an alternative fuel. Biodiesel is a
promising alternative to diesel fuel produced from crude oil due to its
environmentally friendly properties such as non-toxicity; no sulfur
content and a very renewable nature (Amani ef al., 2016). Depending on
these features, the renewable energy dunng incoming years and
producing the same quantities of the energy from crude oil is shown in

Figure (1.1).

250 { Quadrillion Bty
HISTORY

1870 1980 1990 2002 2015 2025

Figure (1.1): The increase of renewable energy to 2025 (Ngoya, 2015)

[ +)

dadaall -14

1Y) Aadial) Jadi

Gl & san sar iy il
& g gall daan) o

Casal) g Al Hall Calaa) o

ad il Jay deddall (el JaaY o
Lf).:‘ﬁy‘



C‘.'Jaerer o Literature R‘E

Chapter two

Literature survey

2.1 Basic Information about Bioremediation
2.1.1 Bioremediation

Brioremediation means the use of lning orgamsms to solve an
environmmental problem soch as contammated soil or contarmnated water,
i’z a techmique to remove contamunants from the emarcnment and thus
restore the onginal natwal envromment also prevent more pollohon
(Bashamdin, 2008) The addition of active mucrobes increases the mumber
of microorzamsms and thewby accelerates the broremedizbon process.
Effertive orerobes can be found m oil-contaminated sedls (Zeron, 2012,
Microcrgamsms m broremedizhon processes uwsed the contammnants as
pufrients and energy sources (Bumar er al., 2001 1).

2.1.2 Bioremediation techmnigues
Brioremediztion techniques fall info two categones, hoaummentafion
and hostiomlaton:

2.1.2.1 Bivaugmentation

It’s the addibon of parbcular mucroorgamisms that have abibity to
degrade the compounds af the polluted site. The hydrocarbon-degradmz
orgamsms were collected from different =ites, they are adapied to
withstand vanous emvmronmental condibions hke vanable temperature and
pH change in addihon to the good abihity to ubbize putnents available such
as nitrogen, phosphomas, and oxygen so they can clean the contanwnated
sibe guekly (Kumar and Gopal, 2015). The meoreased efficiency of a
treatment system 15 due to an ncreased density of pmcorobial cells that
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ﬂnﬁ three Meterials and methods

Chapter Three
Marterials and Methods

3. Materials and methods

3.1 Materials

3.1.1 Chemicals:

Table (3.1} llustates the chenmeal matenzls that wsed m thas study and
thear suppliers.

Table (3.1]) List af chemical materials

Chemicals Company Conntry
Apar-Agar Fluka Swazland
CaCL. 2H20 LTD India
CCL, E Merck Darmstadt
Chloreform TeTenal phodowerk Berlin
Dichloromethane BIOSOLVE France
Drigsal Al-Trura oil refinery Baghdad -Irag
Etharnl Schar]an Spain
FelClLs BDH England
Hydrochloric acid Lo India
ELHPO, EHPO,, Fluka Swaziland
MgS0,.TH.O
KHNO, REACHTM USSR
Nutrient agar Hiledia India
Nutrient broth OO England
Sodiom sulphates Merck Germany
_ aobydrous
Sulfiric acid HIMEDIA India
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Chapter four
Results and Discussion

41 Isolaton and Identification of Dhesel-Utilizing Bacteria

Bactenzl stramns capable of decomposing diesel were 1solated usmg
Bushnell-Haas medium to differentiate between hydrocarbons degrading
bactenia and non-degraded bactena. Fouwr different stains were 1solated
from the confarmnated soil, wiuch was designated as NA- 1, NA- 2 MA-
3, and NA- 4. The biochenucal tests were conducted on these strains and
table (4.1) shows these characteristics.

Tahle (2.1} Marphalagical characteristics, gram stain and biochemical tests

bacterial colonies
Characteristi a C
MA-1 MA-I HA-3 WA-4
Coalar af galden ] pale
the colony CTBANTY vellow off-wrhite: vellow
Shape of the cell rod roumd rod rod
Gram s Staining - + - -
Spore-fonming - - - -
Caralase test + + + +
Ouidase test - - + -
Ureass production t=st + + - -

[+) = pozitve result. (-) = negative result.
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E‘.hﬂErerFr"r-e Conclhrsions and Enme recommendEiion
Chapter five w&‘ M‘-IS

Conclusions and recommendations for futre work
5.1 Concluzion “ oy o -

The following are the conclusions of thas stedy:

1. Three strains of gram-negatrve bacteria were 1solated from diesel-
contammnated soul wloch where Sphinsomenas paucimobilis,

Pantoas species, Enterobacter cloacas, and one shzin of Gram- -d-\éﬂ\ \:JA ‘:M.é.-.i
positive bacteria as Staplnlococons aureis.
2. The metabolic actmaty of 1solated bactena showed a good level of
° e ° Jgmanll a3 il geiliil) aa) o
bicdegradabality at different concentrations of diesel when used = -
maividually., They also demsonstrated the best biodegradabiliiy L@—..‘lc
when used together in a mmxed culture whech reached B8 4%
3. The additr f ients the soil confzmwnated wnth diesel
e a on of ouments o S0 e:\ 1) e I eﬁ\ ‘:‘
stinmulated the mucrobial populabon amd showed an meorease m . =
degradafion rates, especially duonng the eady stages of M‘J‘ﬂ‘ U‘“ L@“ C}J;j\
degradafion.
. TS 0 hydrocarbons ooy e - . o
4. An overzll 75 % of the tofal petrolenns hn (TPH,) wen ..] “ M\Jdﬂ Sila S\ ‘:’
removed from the amended soil and 33 %% of the confrol soil at the )
end of study period.

5. An ex-sitw oremsdiation (bvo piles) of diesel pollufed soal
perfiormeed under asrobic condibons has showm to be an effechve
remediation method for lnndrocarbons confarmumated soils.
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Appendin (A}

Figare (A1) Labaratary report of bacterial isolates identification by
WITEE 2 system (Enserobacier cloacm)
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Appendix (B]

Appendix (B}

B.1 FT-IE Spectum at concentrations 0.7 % and 3 % (%) of diesel by each
smgle 1solates after Tdays of meubaton, from fisure (B.1) to fizure (B.8).

4]
[F
(a1
e
= g Rt W e T e
0 - iE1 i'll' Nk | g -
o b [l | ||| E “E
! ||'. | Bl | sabstitated
&ll \ ,lil E;! hepaems
=] * aliphatic dusrivativa
g | roretching C-H b |
CH -
12 -E K
B ™ ™ ™ T T e I ¥ L

Figure (B.1) FT-IE. specoum of diesel at concenimation 0.7%: meated by L. clogcas
after 7 days
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Example

Biodiesel has many main advantages over
conventional diesel fuel, it contains a higher Cetane number,
no aromatics and considered oxygenated fuel making it a
clean burning fuel and producing less unburned hydrocarbons
(HC), particulate matter (PM), and carbon monoxide (CO)
compared with the conventional diesel fuel (Ribeiro et al.,

2011)



Alternative

Biodiesel has many main advantages over conventional
diesel fuel. It is regarded as a clean burning fuel since it has
a higher Cetane number and contains no aromatics as well
as considered as oxygenated fuel. As comparing with the
conventional diesel fuel, biodiesel producing less unburned
hydrocarbons, carbon monoxide (CO) and particulate
matter (PM) (Ribeiro et al., 2011).
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Example.
Figure (4.22) shows the FAME vyield after 3hr reaction as a function of the

calcination temperature. As proof of the results, the temperature of calcination
Is a major factor influencing the performance of the catalyst. From Fig. (4.22),
It can be seen that the FAME content increased from 2.2 wt% to 78.535 wt% as
the temperature of calcination has changed from 700 °C to 900 °C for a

calcined catalyst sample for 3hr.
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Figure (4.24): Effect of oil/methanol molar ratio on FAME content (experimental
conditions: 65°C; 5 wt. % catalyst loading; 3hr)



Table (4.1): Free fatty acid, acid value, viscosity, density, and
Saponification value of treated waste cooking sunflower oil

Concentration Waste cooking oil after
pretreatment
Free fatty acid % 0.901
Acid value (mg KOH/g of oil) 1.7
Viscosity at 40°C (cp) 38.7
Density at 25°C (kg/m?3) 910
Saponification value 187.935
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(Robert , 2013) Jull JSalb jaaddl A L -1
» Water consists of oxygen and hydrogen (Ellen, 1940).
(Robert and Hadi , 2013) Ul JS&L i€ jacadl 8 il aa 5 13) -2

(Robert et al. , 2013) Al JaIL (i jaaall A S ) fialy S35 aa 5 13 -3

Sl IS (oS 8 ) ey e e JES) 5N Al d -4
(Buasri et al., 2013; Taufiq and Huda., 2015)
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Lee et al. (2011) observed the BET surface area of 9 m?/g for CaO catalyst obtained
under similar calcination condition of 800 °C

It was found that calcined samples for the above mentioned temperatures were not
enough to convert the eggshell to CaO catalyst as noted by Ekeoma (2017).



Punctuation Marks ad ) cladle

There are many punctuation marks. The most frequently used of these
marks will be covered here, such as full stop(.), comma(,), colon (:) and
semicolon(;).

1- Full stop (.)
M\ %L@A. L.éj (‘_\ o e
» Water consists of oxygen and hydrogen.

» The first step of treatment is to remove the settleable and dissolved solids
suspended in the water.

> Biodiesel has many main advantages over conventional diesel fuel. It is regarded
as a clean burning fuel v

> Biodiesel has many main advantages over conventional diesel fuel .It is regarded
as a clean burning fuel %



2- Comma (,)
Jaall Cilae 223 -

» This process Is only the first step, and it has mainly removed larger particles
In the water, but some smaller particles may still remain, as well as chemicals

and bacteria.

» Sand filters can be set up in two ways, either the water flows in from the
bottom and exits the top, or the water flows in from the top and exits the

bottom.
Al o) Ja) Jaad die 22A%05 -
» There are many methods for treatment such as chemical, physical, thermal,
and biochemical.

» This electrolysis is conducted in either a mercury cell, a diaphragm cell, or a
membrane cell.

» The method is cheap, clear, easy, and well known.
» The method Is cheap, clear ,easy ,and well known. X

» The method is cheap,clear, easy ,and well known. %
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» Chemicals, namely organic solvents, can be used for this purpose.

» The used method, settling, is more efficient.

3- Colon (3) alaad) A alaadll Jd andiodi

» Glucose consists of three elements: carbon, oxygen, and hydrogen.

» There are three ways signals transmission: electrical, pneumatic, and
hydraulic.

» there are two types of electric charges, positive charges and negative
charges
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» Using this method is very dangerous; it releases toxic gases and leaves
solid deposits harmful to human health.

» The method Is desirable because its efficiency is high and its cost is low.

v

» The method is desirable since its efficiency is high and its cost is low. v~
» The method is desirable. Its efficiency is high and its cost is low. 4%y 53 psa

> The method is desirable; its efficiency is high and its cost is low. v/
gl G )Y
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» This technique is very efficient. Furthermore, it is easy to carry out.

» This technique is very efficient, furthermore, it is easy to carry out.

» This technique is very efficient; furthermore, it is easy to carry out.

» This technique is very efficient.furthermore it is easy to carry out.

X



Moreover Ay e 3 0e g

The rent is reasonable, and moreover, the location is perfect.
The rent is reasonable. Moreover, the location is perfect.

The rent is reasonable. The location is, moreover, perfect.

The rent is reasonable moreover the location is perfect. %



Therefore ale

» The solvent is not organic, and therefore can not be used in the experiment.

» The solvent is not organic, therefore can not be used in the experiment.

» The solvent is not organic. Therefore, it can not be used Iin the experiment.

» The solvent is not organic. It therefore can not be used in the experiment.

» The solvent is not organic therefore can not be used in the experiment. X
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The engineers said the bridge was now safe, however, no one wanted to
risk crossing it.

The engineers said the bridge was now safe. However, no one wanted to
risk crossing it.

The engineers said the bridge was now safe. No one, however, wanted to
risk crossing it.



Exercise 1
Correct the following sentences.

» Fructose consists of three elements, carbone and oxygen and hydrogen

» In the Mannheim process sodium chloride is used for the production of
sodium sulphate, hydrochloric acid.

» Sodium chloride is heavily used so even relatively minor applications can
consume massive guantities

» there are Two types of electric charges, positive charges and negative
charges

» It works like magnets and in fact electricity creates a magnetic field in
which similar charges repel each other and opposite charges attract.

» All the matter in the universe is made of tiny particles with positive and
negative or neutral charges



Solution of exercise 1

» Fructose consists of three elements: carbone , oxygen, and hydrogen.

» In the Mannheim process, sodium chloride is used for the production of
sodium sulphate and hydrochloric acid.

» Sodium chloride is heavily used, so even relatively minor applications can
consume massive guantities.

» There are Two types of electric charges: positive charges and negative
charges.

> It works like magnets, and in fact, electricity creates a magnetic field, in
which similar charges repel each other and opposite charges attract.

» All the matter in the universe is made of tiny particles with positive,
negative or neutral charges.



Exercise 2

Water is an inorganic, transparent and tasteless, odorless, and nearly colorless chemical
substance: which is the main constituent of Earth's hydrosphere. water is so important : it
represents the fluids of most living organisms furthermore it is vital For all known forms
of life. Its chemical formula is H,O. Water consists of two elements, oxygen and
hydrogen, which connected by covalent bonds. Water is the name of the liquid state of
H,O at standard ambient temperature, Pressure. It forms precipitation in the form
of rain and aerosols in the form of fog. clouds are formed from suspended droplets of
water and ice, its solid state. When finely divided, crystalline ice may precipitate in the
form of snow. The gaseous state of water is steam or water vapor. Water moves
continually through the water cycle of evaporation, transpiration, condensation,

precipitation, and runoff, which usually reaching the sea



Solution of exercise 2

Water is an inorganic, transparent, tasteless, odorless, and nearly
colorless chemical substance, which is the main constituent of Earth's hydrosphere.
Water is so important ; it represents the fluids of most living organisms, furthermore, it is
vital for all known forms of life. Its chemical formula is H,O. Water consists of two
elements: oxygen and hydrogen, which connected by covalent bonds. Water is the name
of the liquid state of H,O at standard ambient temperature and pressure. It
forms precipitation in the form of rain and aerosols in the form of fog. Clouds are
formed from suspended droplets of water and ice, its solid state. When finely divided,
crystalline ice may precipitate in the form of snow. The gaseous state of water
IS steam or water vapor. Water moves continually through the water
cycle of evaporation, transpiration, condensation, precipitation, and runoff, which

usually reaching the sea.
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Example

The most important function of hyvdrogen in the human body 18 1o keep vou
hydrated. Water 15 made up of hydrogen and oxygen and 15 absorbed by

the cells of the body. Therefore, it is a crucial element which is used not in

our body but also as a fuel, in military weapons elc. \

%100 sV 4

Hydrogen has an essential function in keeping the human body hydrated.
Cells of our bodies absorb water which made up of oxvgen and hyvdrogen.,
S0, hydrogen is regarded as an essential element needed by our bodies.

Moreover, it is used in many fields such as fuel, military weapons, efc,

N
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So what 1s Mendeley?

 Mendeley is a reference manager and academic social

network that can help you organize your research,
collaborate with others online, and discover the latest

research.
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How Does Mendeley Help?




How to download Mendeley?



1. Type “Mendeley” onto google and click on the “download” hyperlink:

l & mendely download - Google Sez X r+ (=la L X
& C & google.com/search?q=mendely+download8oq=mende&aqs=chrome.0.69i59j0j69i57j015.5178j1j8&sourceid=chrome&ie=UTF-8 T o :
Go g|e mendeley download $ Q i 0

Q Al [ Images [ Videos []) Books [ News i More Settings  Tools

About 168,000,000 results (0.46 seconds)

www.mendeley.com > download-desktop -

Available for Windows, Mac and Linux, Mendeley Deskiop 1ets you save PDFs, generate
citations, organize references, and automatically backup and sync your ...
Installation Guides - Windows - Mendeley Desktop for macOS - Mendeley Cite

www.mendeley.com » guides » deskiop v

Desktop | Mendeley

Before we get started, here are some terms you should be familiar with: Mendeley Desktop:
Mendeley Desktop is the downloaded part of the software installed ...
01. Desktop interface - 06. Writing & citing - 02. Adding documents - Next steps

www.mendeley.com » download-reference-manager-beta » windows

Download Reference Manager Windows Software | Mendeley

Mendeley Reference Manager BETA. Download BETA now for Windows. Windows 7 and
above See release notes - Download BETA now for macOS.

www.mendeley.com » guides » windows » instructions =

Install instructions for Mendeley Desktop on Windows ...

https://www.mendeley.com/download-desktop/ Mendeley Desktop icon in your browser's download window, and follow the

T € n[3 o a0




2. Click “download Mendeley desktop for windows”

8 oo ey s s x 1+ YN

b
& @ & mendeley.com/download-desktop/ W 0 :

s

M Mendeley What is Mendeley? Q Search  Create a free account  Sign In

Download Mendeley Desktop for Windows

&A

Download Mendeley Desktop for Windows

Windows 7, 8.1 and 10 (Version 1803)  See release notes.

Other systems: " Mendeley Desktop for macOS Lé Mendeley Desktop for Linux

Get tools and add-ons to further enhance your research

&) Uniited - Paint iy Presentationt - M.. BN o ol )

07:57
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3- Go to the download of your browser and click on the download button. This

opens a list of applications that you have downloaded from the internet.
Click on the “Mendeley-Desktop-1.19.4-win32.exe”.

Downloads Q,  Bearch downloads

February 19, 2020

Mendeley-Deskiop-1.19.4-win32.exe X
m https://desktop-download mendeley.com/download/Mendeley-Desktop-1.19. 4win32..

Show in folder

February 16, 2020



4- A pop-up appears on the monitor. Click “Run” which will lead to a Wizard
Setup to also come up. If you follow the instructions, it’ll eventually allow
you to install the application.

Open File - Security Warning —’ . S—

f Do you want to run this file?

. " Name: ..nloads\Mendeley-Desktop-1.19.4-win32 (1).exe
Publisher: Elsevier Ltd

Type: Application

From: C\Users\esraa\Downloads\Mendeley-Desktop-1...

Run Cancel

' 2. While files from the Intemet can be useful, this file type can
\_O) potentially harm your computer. Only run software from publishers
you trust. What s the nsk?
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Please wait while Mendeley Desktop is being installed.

Extract: Qt5WebEngineCore.dll... 96%
L
Show details

Mullsoft Install System vz,51
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The first thing you’ll need to do is to create an account via mendeley.com

E-mail
Password

[] stay signed in


http://mendeley.com
http://mendeley.com

LA Mendeley

ELSEVIER

ELSEVIER Register

Create password to register
Welcome
Email

as_83_2005@yahoo.com

Enter your email to continue with Mendeley

Given name

Email

| as_83 2005@yahoo.com

You can also sign in via your institution, organization or OpenAthens.

Family name

Password

M| Stay signed in (not recommended for shared devices)

By continuing you agree with our Terms and conditions and Privacy
policy.

Register

e an account
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2- Open your document on Word. Select “reference” — directly under it, you’ll see
“insert citation”
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3- When you want to cite, select “insert citation” and a pop up will
appear. Click on “Go to Mendeley”:
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4- This will open your “library” of saved references on your Mendeley
application. Click on the relevant document and select “Cite” — this
will transfer the citation directly onto your word document.
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5- Once you have completed your work on the document, you can insert a
bibliography simply by clicking on “insert bibliography” under “references” on
the toolbar.
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Changing the reference type

1- Sometimes, you are required to cite using a specific referencing style.
You can change the referencing type using Mendeley. You can do this by
clicking on “styles” and choosing “more styles...”
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How to merge citation

1- Cite both sources as shown:
(Huang et al., 2012) (Issariyakul & Dalai,2014)

2- Highlight the citations and click on the “merge” option and the citations merge
together.
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How to Edit citation

Highlight the citations and click on the “Edit Citation” option a small window
will appear, Edit your references.
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