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o
Over the last three decades, effort of ggts has been geared towards the search for an
ecofriendly fuel as an alternative to fuel. The search light has been beamed at plant
seed oil and waste. This study ¢ m@‘ the biodiesel synthesis from Chrysophyllum albidum
using biowaste -based catalysts frican star apple shell and cow bone. The seeds were
collected, washed, dried ag%ﬁicked. The mesocarp (cotyledon) was separated from the
shells, cut into pieces, s 1¢d and was mechanically powered. The powder was Soxhlet
extracted for oil usﬁt);@t e of methanol and n-hexane in ratio 50:50mL as solvent. Four
catalysts used w istine African star apple (ASA) seed shell, carbonized waste Cow bone,
sulphonated ell and sulphonated cow bone characterized with XRD and FTIR while
GC-Ms w or characterization of the biodiesel. The result shows that the percentage
oil extra m the African star apple seeds with the mixture of n-hexane and chloroform
in a :50mL was 28.88%. The percentage biodiesel yield using pristine African star
apple shéll catalyst was 72.90 % while using carbonized cow bone catalyst was 74.60% as
the highest catalyst dose of 1g. The biodiesel yield with 1g catalyst dose of sulphonated
African star apple shell catalyst was 75.50% while using sulphonated cow bone catalyst was
78.40%. The study concluded that the sulphonated Cow bone catalyst was more effective for
the production of biodiesel and that the African star apple seed oil yield is not sufficient for
the feedstock of commercial production of biodiesel but can be used for other industrial
purposes.

Keywords: African Star Apple, Biowaste, Cow bone, African Star Apple Shell, Biodiesel



Word Count: 264

Tab@@ents
Content b Page
Title Q)cb' i
Certification \) il

Dedication @ 0 il

Acknowledgement ‘ Q) v

Abstract \ A%
Table of C Q vi
List @s Xi
Listﬁsgures Xii
List of Acronyms Xiv

Chapter One: Introduction

1.1 Background to the Study
1.2 Statement of the Problem
1.3 Justification of the Study

1.4 Aim and Objectives of the Study

Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.

Error! Bookmark not defined.



1.5

1.6

1.7

Scope of the Study
Limitation to the Study

Operational Definition of Terms

Chapter Two: Literature Review

2.1

2.1.1

2.1.2

2.1.2.1

2.1.2.1

2.2

2.2.1

2.2.1.1

2212

2213

22.14

22.1.5

23

23.1

232

233

224

24

2.5

25.1

2.6

Conceptual Studies on the Concepts

Global Policy and Government Incentives on Biodiesel

Techniques for Production of Biodiesel
Transesterification

Transesterification Mechanism
Feedstocks for Biodiesel Production
Catalyst

Enzymes Catalysts (Biocatalyst)
Homogeneous Catalyst

Homogenous Base Catalyst
Homogeneous Acid Catalyst
Heterogeneous Catalysts
Heterogeneous Alkaline/Base Catalyst
Base Zeolites

Basic Metal ©xides

Waste-Derived Catalysts
Non-biomass Waste Catalyst
Heterogeneous Acid Catalysts

Solid Sulphonated Carbon Catalysts

Bio-Char-Based Solid Acid Catalyst

Error! Bookmark not defined.
Error! Bookmark not defined.

Error! Bookmark not defined.

Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark'riot defined.
Error! Bookmark not defined.
ErrerBookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.

Error! Bookmark not defined.

Methods of Preparing Carbon-Based Sulphonated CatalystsError! Bookmark not

defined.

2.6.1

Direct Incomplete Sulphuric Acid Carbonization

Error! Bookmark not defined.



2.6.2

2,63

Sulphonation of Biomass Carbonization Product

Synthesis of CBSC by Other Sulphonating Sources

Error! Bookmark not defined.

Error! Bookmark not defined.

2.6.4  Synthesis of Resin/Polyvinyl Chloride (PVC) Derived CBSCError! Bookmark not

defined.

2.7 Carbon-based Materials as Catalyst Supports

2.8 Properties Affecting the Role of a Catalyst Support
2.8.1 Surface Area and Porosity

2.8.2  Surface Chemical Properties

2.8.3 Inertness

2.9 Application of Carbon-Based Sulphonated Catalysts
2.9.1 Catalytic Hydrolysis

2.10  Review of Empirical Studies

2.10.1 Empirical Studies on Non-Edible Seed Oils

2.10.2 Empirical Studies on African Star Apple Seed Oil
2.11  Impacts and Benefits of BiodieSel

Endnotes

Chapter Three: Methodology

3.1 Materials Error! Bookmark not defined.
3.2 Equipment Error! Bookmark not defined.
33 Methods Error! Bookmark not defined.
3.3.1 _ Preparation of Carbon-based Catalyst and Cow Bone-based Catalyst Error! Bookmark
not defined.

3.3.2  Preparation of Sulphonated Catalyst Error! Bookmark not defined.
3.3.3  Characterization of the Catalyst Error! Bookmark not defined.
3.3.4 pH Determination Error! Bookmark not defined.
3.3.5 Bulk Density Determination Error! Bookmark not defined.
3.3.6  Determination of Total Acidity (TA) Error! Bookmark not defined.

Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not'defined.
Error! Bookmark-not defined.
Error! Bookmark not defined.
Errort-Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.

Error! Bookmark not defined.



3.4

Fourier Transform - Infrared Spectrophotometer (FT-IR) CharacterizationError!

Bookmark not defined.

3.4.1 Catalyst Recyclability Test

3.4.2 Preparation of Oil Feedstock

3.5 Preparation of Biodiesel

3.6 Temperature Effect on Biodiesel Yield
3.7 Effect of Solid Acid Dosage on Biodiesel Yield
3.8 Effect of Time on Biodiesel Yield

3.9 GC Analysis of the Biodiesel Produced
3.10  Physiochemical Properties of Biodiesels
3.10.1 Viscosity

3.10.2 Density

3.10.3 Saponification Value

3.10.4 Iodine Value

3.10.5 Acid Value

Endnotes

Chapter Four: Results and Discussion of Findings

4.1

4.1.1

Characterization ef the)Catalyst

Physiochentical )Properties of Catalysts

Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not'defined.
Error! Bookmark-not defined.
Error! Bookmark not defined.
Errort-Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.

Error! Bookmark not defined.

Error! Bookmark not defined.

Error! Bookmark not defined.

4.1.2 XRD'efithe Pristine and Sulphonated ABP, ASP, ABS, and ASS Error! Bookmark not

defined.

4.1.3

4.2

4.2.1

4.2.2.1 GC-MS Analysis of African Star Apple Seed Oil

BTIR Analysis of the Catalyst
Oil characterization

Physiochemical Properties of the Extracted Oil

Error! Bookmark not defined.

Error! Bookmark not defined.

Error! Bookmark not defined.

Error! Bookmark not defined.

4.2.2.2 GC-MS of Biodiesel using Animal (Cow) Bone CatalystError! Bookmark not defined.

4.3

Catalytic Performance

Error! Bookmark not defined.



4.3.1 Effect of Temperature on Biodiesel Yield using ASA Shell Pristine Error! Bookmark

not defined.

4.3.1.1 Effect of Temperature on Biodiesel Yield using ASA Shell SulphonatedError!

Bookmark not defined.

4.3.2 Effect of Temperature on Biodiesel Yeld using Pristine Cow Bone Error! Bookmark

not defined.

4.3.2.1 Effect of Temperature on Biodiesel Yield using Pristine Cow BoneError! Bookmark

not defined.

4.3.3 Effect of Dosage on Biodiesel Yield Using ASA Shell Pristine CatalysteEpror!

Bookmark not defined.

4.3.3.1 Effect of Dosage on Biodiesel Yield using ASA Shell Sulphenated Catalyst Error!

Bookmark not defined.

4.3.4 Effect of Dosage on Biodiesel Yield Using Cow, Borie Catalysts Error! Bookmark not
defined.

4.3.4.1 Effect of Dosage on Biodiesel Yield-Usitg\Cow Bone Sulphonated Catalysts Error!

Bookmark not defined.
4.3.5 Effect of Time on Biodiesel Yiehd Error! Bookmark not defined.

4.3.6 Effect of Time on Biodigsel)Yield Using Cow Bone Sulphonated Catalyst Error!

Bookmark not defined.

4.4 Recyclability ofithe €atalysts Error! Bookmark not defined.
4.5 Discussionof Findings Error! Bookmark not defined.
4.5.1 Introduction Error! Bookmark not defined.
4.5.1, Gatalyst Characterization Error! Bookmark not defined.
4.5.1.1 Physiochemical Properties of Catalysts Error! Bookmark not defined.
4.5.1.2 The X-Ray Diffraction Analysis of the Catalysts Error! Bookmark not defined.

4.5.2  Fourier Infrared Transformation Characterization of the Catalysts Error! Bookmark

not defined.

4.5.2.1 Biochar from Animal Cow Bone Pristine and Sulphonation Error! Bookmark not

defined.



4.5.2.2 FT-IR Spectra of Pristine and Sulphonated African Star Apple (ASA) ShellError!

Bookmark not defined.

4.5.3 Oil Characterization Error! Bookmark not defined.
4.5.3.1 Physiochemical Properties of the Extracted Oil Error! Bookmark not defined.
4.5.3.2 Colour, Odour and Nature of the Oil Error! Bookmark not defined.
4.5.3.3 Viscosity Error! Bookmark not defined.
4.5.3.4 Percentage Yield of the Extracted Oil Error! Bookmark net'defined.
4.5.3.5 Specific Gravity Error! Bookmark-not defined.
4.5.3.6 Acid Value (mg KOH/g) Error! Bookmark not defined.
4.5.3.7 lodine Value (mg/100g) Errort-Bookmark not defined.
4.5.3.8 Saponification Value (mg KOH/g) Error! Bookmark not defined.
4.5.3.9 FTIR of ASA Seed Oil Error! Bookmark not defined.
4.5.3.10 GC-MS Analysis on Biodiesel Error! Bookmark not defined.
4.5.4 Effect Catalytic Performance Error! Bookmark not defined.

4.5.4.1 Temperature Effect on Yield UsingvASA Shell Pristine and Sulphonated Catalyst
Error! Bookmark not defined.

4.5.4.2 Temperature Effect on Bipdiesel Yield Using Pristine Cow Bone Error! Bookmark not
defined.

4.5.5 Effect Catalyst Dosage Error! Bookmark not defined.

4.5.5.1 Effect of Bosage on Biodiesel Yield Using African Star Apple Shell Catalyst Error!

Bookmark net-defined.

4.5.52Effect of Dosage on Biodiesel Yield Using Cow Bone Catalyst Error! Bookmark not
defined?

4.5.6 Effect of Time on Biodiesel Yield Error! Bookmark not defined.

4.5.6.1 Effect of Time on Yield Using Pristine ASA Seed Shell Catalysts Error! Bookmark

not defined.

4.5.6.2 Effect of Time on Yield Using Sulphonated Bone and ASA Shell Catalysts Error!

Bookmark not defined.

4.5.7 Recyclability of the Catalysts Error! Bookmark not defined.



Endnotes

Chapter Five: Conclusion

5.1 Summary of Findings

5.2 Conclusion

53 Recommendations

54 Contribution to Knowledge

5.5 Suggested Area of Further Research
Bibliography

Bio-data

The University Compliance Certification

&

Error! Bookmark not defined.

Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark not defined.
Error! Bookmark %‘bﬁned.

Error! Bo?m\@%& defined.

Error! Bo ark not defined.

E ﬁ&kmark not defined.
&



Table

4.1
4.2a
4.2b
4.3a
4.3b
4.4

4.5

4.6

4.7
4.8
4.9
4.10
4.11

4.12

4.13

N
5\
List of Tables ° ,\Qé
TitleQQ
Physicochemical Properties of the Catal
FT-IR Spectra of Carbonized Cow omtine
FT-IR Spectra of Cow Bone Sulphonated

FT-IR Spectra of African St@ple Shell ASA Pristine
FT-IR Spectra of African Apple Shell ASA Sulphonated

L
<
%w

QP

Physiochemical Pr i8s (Characterization) of the Extracted African Star

Apple Seeds Qi
GC-MS Analysig of Biodiesel from ASA Seed Oil using Cow Bone
Catalyst

GCﬂ%Analysis of Biodiesel from ASA Seed Oil using African Star
e Shell Catalyst

fect of Temperature on Biodiesel Yield using ASA Shell Pristine
Effect of Temperature on Biodiesel Yield using ASA Shell Sulphonated
Effect of Temperature on Biodiesel Yield using Pristine Cow Bone
Effect of Temperature on Biodiesel Yield using Cow Bone Sulphonated

Effect of Catalytic Dosage on Biodiesel Yield using ASA Shell Pristine
Catalysts

Effect of Catalytic Dosage on Biodiesel Yield using ASA Shell
Sulphonated Catalysts

Effect of Catalytic Dosage on Biodiesel Yield using Cow Bone Catalysts

74

76

79
80
80
83
&5

87

&9
91



4.14

4.15
4.16

4.17
4.18
4.19

Figure
2.1
2.2
23
24

3.1
3.2
33

3.4

Effect of Catalytic Dosage on Biodiesel Yield using Cow Bone
Sulphonated Catalysts

Effect of Time on Biodiesel Yield using Pristine African Star Apple Shell

Effect of Time on Biodiesel Yield using Pristine African Star Apple Shell
Sulphonated

Effect of Time on Biodiesel Yield using Cow Bone Pristine
Effect of Time on Biodiesel Yield using Cow Bone Sulphonated
Recyclability Test

L&
%
@
List of Figures $

Title Q
Catalytic Transesterification
Transesterification Reaction of a Tri H&éﬁ'ﬂes and Methanol
Production of Biodiesel from Differcnt Feed Stocks

Different Types of Heterog Catalysts for the Transesterification
of Biodiesel. Reproduced From Ref. [131]. Copyright 2022.Elsevier Ltd.
Image of African St%@ e and Associated Cotyledon Seeds and Edible Flesh
Flow Chart for t ction of Biodiesel from African Star Apple Seed

Diagrammatic S¢quence of the Processes of Extraction of Oil from

Afric @Apple
Vis?:%&r

4.1 @ra of Animal (Cow) Bone Pristine (ABP) and Animal Bone Sulphonated

42
43
4.4
45
4.6
4.7
4.8

BS)
Spectra of ASA Shell- Pristine (ASP) and ASA Shell- Sulphonated (ASS)
FT-IR Spectra of Carbonized Cow Bone (A) Pristine (B) Sulphonated
FT-IR Spectra of African Star Apple Shell ASA: (A) Pristine; (B) Sulphonated
FI-TR Spectra (A) Cow Bone-Pristine; (B) ASA Pristine
Chromatogram of African Star Apple Seed Oil using ASA Shell Catalyst
Chromatogram of Biodiesel from ASA Seed Oil using Cow Bone Catalyst
Chromatogram of Biodiesel from ASA Seed Oil using ASA Shell Catalyst

QP

93
95

97
97
100
102

Page

16
18
20

25
53
55

57
60

67
68
69
71
72
75
77
78



4.9

4.10

4.11

4.12

4.13

4.14

4.15
4.16

Figure

4.17

4.18

4.19
4.20

Q

Temperature Effect on Biodiesel Yield Using 1g of Pristine ASA Seed Oil

inlh 81
Temperature Effect on Biodiesel Yield Using 1g of Sulphonated ASA

Seed Catalystin 1 h 82
Temperature Effect on Biodiesel Yield using 1g of Pristine Cow Bone in 1 h 84
Effect of Temperature on Biodiesel Yield using Cow Bone Sulphonated 86

Effect of Catalytic Dosage on Biodiesel Yield using ASA Shell-Pristine
Catalysts . 88
Effect of Catalytic Dosage on Biodiesel Yield using ASA Shell—Sulphonat&

Catalysts . Qg) 90

Effect of Catalytic Dosage on Biodiesel Yield using Cow Bone 92
Effect of Catalytic Dosage on Biodiesel Yield using Cow Bo Su}phonated

Catalyst
A
QQ}%

94

List of Figures .

Title ; \ Page
Effect of Time on Biodiesel Yield at 60 °C andA g of using African Star Apple

Shell — Pristine \ 96
Effect of Time on Biodiesel Yield @C and 1g of using African Star
Apple Shell Sulphonated 98

>

Effect of Time on Biod@eld at 60 °C and 1g of Pristine Cow Bone Catalyst 99
Effect of Time on B@e.s\e Yield at 60 °C and 1g of Cow Bone Sulphonated

Catalyst Q)QQ
<
Q

101



Abbreviation
ASA

ASASC
ASASO
CBSC
CASAS

CCB (Pristine) -

List of Acronyms
Meaning
African Star Apple
African Star Apple-Shell Sulphonated Catalyst
African Star Apple Seed Oil
Cow Bone Sulphonated Catalyst
Carbonized Africa Star Apple Shell

Carbonized Animal Bone



