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Abstract 

In the present study, new activated carbon (AC) materials 

were prepared from Egyptian-type agricultural waste 

materials; artichoke and Vicia faba peels, plus silkworm feces, 

via pure chemical activation method. In addition to the regular 

dehydrating agents (KOH, ZnCl2, H3PO4), new activating 

agents were tested for the first time ever through the 

preparation method; including KCl, CrCl3, and TiCl4. The 

prepared AC materials were subjected to a complete 

characterization scheme in order to investigate the chemical 

structural, textural and morphological characteristics; using 

FT-IR, Boehm titrations, Point of zero charge, XRD, N2 

physisorption, Iodine number, and HR-SEM. Moreover, the 

results were compared and correlated with the previously 

proposed activation mechanisms. Then, AC materials were 

examined towards different applications; adsorption of 

methylene blue, lead, and cadmium from their aqueous 

solutions, hydrogen storage, and antimicrobial activity of 

silver supported ACs against Staphylococcus aureus, 

Escherichia Coli and Pseudomonas aeruginosa. Furthermore, 

the results of selected adsorption systems were correlated with 

different adsorption isotherm and kinetic models to study the 

mechanism of the adsorption process, and thermodynamic 

parameters were also computed. 

Keywords: 

Activated carbon, Artichoke, Vicia faba, Silkworm feces, 

Adsorption, and Hydrogen storage 



A. LIST OF CONTENTS Contents 

 

 
ii 

Contents 
Page 

Number 

 Abstract  i 
Contents  

A. List of Contents ii-vii 
B. List of Figures viii-xi 
C. List of Tables xii-xiii 

Chapter I: Introduction and Aim of the Work  
A. Introduction 2-53 
I.1. Human evolution and the environment 2 
I.2. Water Crisis 3 
I.3. Wastes Crisis 5-9 

 
I.3.1. Non-Hazardous Wastes 
I.3.2. Hazardous Wastes 

6 
7 

I.4. Environment Management 9-18 

 

I.4.1. Wastes Management 
I.4.2. Wastewater Management 

I.4.2.1. Technologies of Wastewater treatment 
I.4.2.2. Adsorption remediation methods 
I.4.2.3. Economic utility of Adsorption remediation 

methods 

9 
10 
11 
13 
14 

 
I.5. Activated Carbon 19-53 

 

I.5.1. History of Activated Carbon 
I.5.2. Uses & World Consumption of Activated 

Carbon 
I.5.3. Raw materials of Activated Carbon 
I.5.4. Preparation of Activated Carbon 

I.5.4.1. Physical activation methods 
I.5.4.2. Chemical activation methods 
I.5.4.3. Suitable preparation methods 

I.5.5. Characteristics of Activated Carbon 
I.5.5.1. Crystalline structure  

I.5.5.1.1. Franklin’s early models 
I.5.5.1.2. Crystalline structure of activated carbon 

19 
20 

 
21 
22 
23 
23 
24 
29 
30 
30 
32 



A. LIST OF CONTENTS Contents 

 

 
iii 

  

I.5.5.2. Porous structure  
I.5.5.2.1. Origin and classification of pores in solid 

materials 
I.5.5.2.1.1. Intraparticle pores 
I.5.5.2.1.2. Interparticles pores 

I.5.5.2.2. Structure of pores 
I.5.5.2.3. IUPAC classification of pores 
I.5.5.2.4. Porous structure of activated carbon 

I.5.5.2.4.1. Effect of precursor and activation 
method 

I.5.5.2.4.2. Pore development during preparation 
process 

I.5.5.2.4.3. Porous system of activated carbon 

I.5.5.3. Chemical structure of activated carbon 
I.5.5.3.1. Effect of crystalline structure on AC 

chemical structure 
I.5.5.3.2. Chemical structure of activated carbon 
I.5.5.3.3. Carbon-oxygen surface groups 

I.5.5.3.3.1. Reactions of carbon with oxygen 
I.5.5.3.3.2. Theories of carbon-oxygen surface 

groups 
I.5.5.3.3.3. Types of carbon-oxygen surface 

groups 
I.5.5.3.3.4. Characterization of carbon-oxygen 

surface groups 

34 
34 

 
35 
36 

37 
38 
40 
40 

 
41 

 
43 

44 
45 

 
45 
47 
47 
49 

 
50 

 
53 

 

B. Work Highlights  54-73 

I.6. Work’s plan 54-73 

 

I.6.1. Preparation of Activated Carbon Materials 
I.6.1.1. Raw materials (precursors) 

I.6.1.1.1. Artichoke peels 
I.6.1.1.2. Vicia fava bean peels 
I.6.1.1.3. Silkworm feces 

I.6.1.2. Activating agents and preparation method 

54 
54 
55 
56 
57 
59 

 
I.6.2. Characterization of Activated Carbon 

Adsorbents 
60 

 



A. LIST OF CONTENTS Contents 

 

 
iv 

I.6.3. Applications of Activated Carbon Materials 
I.6.3.1. Adsorption of organic pollutants 

I.6.3.1.1. Adsorption of Methylene Blue 
I.6.3.2. Adsorption of inorganic pollutants 

I.6.3.2.1. Adsorption of Lead 
I.6.3.2.1. Adsorption of Cadmium 

I.6.3.3. Hydrogen Storage Ability 
I.6.3.4. Biological Activity of Silver supported 

activated carbon 
I.6.3.4.1. Staphylococcus aureus 
I.6.3.4.2. Escherichia Coli 
I.6.3.4.3. Pseudomonas aeruginosa 

60 
61 
62 
62 
65 
67 
68 
69 

 
71 
71 
72 

C. Aim of  the Work 74-75 

Chapter II: Materials & Methods  

II.1. Preparation of activated carbon materials 76-81 

 

II.1.1. Precursor (waste materials)  
II.1.2. Preparation of activated carbon adsorbents 

II.1.2.1. Method A 
II.1.2.2. Method B 
II.1.2.3. Preparation of the Reference 

76 
77 
78 
79 
81 

II.2. Characterization of activated carbon materials 81-92 

 

II.2.1.Chemical structure characterization techniques 
II.2.1.1. IR spectroscopy 
II.2.1.2. Boehm Titrations 
II.2.1.3. Point of Zero Charge 
II.2.1.4. X-Ray diffraction analysis 

II.2.2. Surface textural characterization techniques 
II.2.2.1. Nitrogen physisorption 
II.2.2.2. Adsorption Capacity (Iodine number) 

II.2.3. Surface Morphology 

82 
82 
82 
83 
84 
85 
85 
89 
92 

II.3. Applications of activated carbon materials 93-107 

 
II.3.1. Adsorption from solution 

II.3.1.1. Methylene blue adsorption 
93 
94 



A. LIST OF CONTENTS Contents 

 

 
v 

II.3.1.2. Lead Adsorption 
II.3.1.3. Cadmium Adsorption 
II.3.1.4. Adsorption isotherms 

II.3.1.4.1. Experimental conditions 
II.3.1.4.2. Adsorption isotherm models 

II.3.1.5. Adsorption thermodynamics 
II.3.1.6. Adsorption kinetics 

II.3.1.6.1. Experimental conditions 
II.3.1.6.2. Adsorption kinetic models 

II.3.2. Hydrogen storage measurements 
II.3.3. Antibacterial activity of silver supported ACs 

II.3.3.1. Preparation of silver supported AC tablets 
II.3.3.2. Bacterial culture and measurement of 

antibacterial activity  

95 
95 
96 
97 
97 
100 
101 
101 
101 
104 
105 
105 
106 

 

Chapter III: Results & Discussion 

Part 1: Artichoke based Activated Carbons  

III.1. Artichoke based Activated Carbons 108-149 

 

III.1.1. Yield  
III.1.2. Chemical structure characterization  

III.1.2.1. IR spectroscopy 
III.1.2.2. Oxygen functional groups content 

(Boehm) 
III.1.2.3. Point of zero charge 
III.1.2.4. X-Ray diffraction analysis 

III.1.3. Surface textural characterization  
III.1.3.1. Nitrogen physisorption 
III.1.3.2. Iodine number 

III.1.4. Surface morphology  

108 
110 
110 
117 

 
120 
124 
127 
127 
144 
145 

Part 2: Vicia faba based Activated Carbons  

III.2. Vicia faba based Activated Carbons 150-177 

 
III.2.1. Yield  
III.2.2. Chemical structure characterization  

III.2.2.1. IR spectroscopy 

150 
151 
151 



A. LIST OF CONTENTS Contents 

 

 
vi 

III.2.2.2. Oxygen functional groups content 
(Boehm) 

III.2.2.3. Point of zero charge 
III.2.2.4. X-Ray diffraction analysis 

III.2.3. Surface textural characterization  
III.2.3.1. Nitrogen physisorption 
III.2.3.2. Iodine number 

III.2.4. Surface morphology 

155 
 

158 
159 
161 
161 
172 
173 

Part 3: Silkworm feces based Activated Carbons  

III.3. Silkworm feces based Activated Carbons 178-203 

 

III.3.1. Yield  
III.3.2. Chemical structure characterization  

III.3.2.1. IR spectroscopy 
III.3.2.2. Oxygen functional groups content 

(Boehm) 
III.3.2.3. Point of zero charge 
III.3.2.4. X-Ray diffraction analysis 

III.3.3. Surface textural characterization  
III.3.3.1. Nitrogen physisorption 
III.3.3.2. Iodine number 

III.3.4. Surface morphology 

178 
179 
179 
183 

 
185 
186 
188 
188 
198 
199 

Part 4: Comparative study & Mechanisms of Action  

III.4. Comparative study & Mechanisms of Action 204-221 

 

III.4.1. Preparation method  
III.4.2. Process parameters  

III.4.2.1. Impregnation ratio 
III.4.2.2. Activation temperature 
III.4.2.3. Activation time 

III.4.3. General Mechanism of the preparation 
process via chemical activation method 

III.4.4. Cellulose and Lignin transformation into 
condensed aromatic system 

III.4.5. Activating agents 

204 
204 
205 
205  
206 
206 

 
208 

 
211 



A. LIST OF CONTENTS Contents 

 

 
vii 

III.4.5.1. Alkali metals dehydrating agents 
III.4.5.2. Transition metals dehydrating agents 
III.4.5.3. Acidic dehydrating agents 

211 
213 
217 

Part 5: Applications  

III.5. Applications 222-253 

 

III.5.1. Adsorption from solutions  
III.5.1.1. Methylene blue adsorption 
III.5.1.2. Lead adsorption 
III.5.1.3. Cadmium adsorption 
III.5.1.4. Adsorption isotherms 
III.5.1.5. Adsorption thermodynamics 
III.5.1.6. Adsorption kinetics 
III.5.1.7. Adsorption mechanism   

III.5.1.7.1. Methylene blue adsorption mechanism 
III.5.1.7.2. Heavy cations adsorption mechanism 

III.5.2. Hydrogen storage  
III.5.3. Antibacterial activity of silver supported ACs 

222 
222 
227 
230 
231 
234 
237 
241 
241 
245 
247 
250 

Conclusion 254-261 

References 262-301 

Arabic Summary  

 

    

 

 

 

 

 



B. LIST OF FIGURES Contents 

 

 
viii 

Figure 
Number 

Figure caption 
Page 

Number 

Chapter I: Introduction & Aim of the Work 

1 MSW generation by region 7 

2 
Franklin’s representations of (a) nongraphitizing 
and (b) graphitizing carbons 

31 

3 
Turbostratic structure according to graphitic 
microcrystallite theory 

33 

4 
Comparison of three-dimensional structure of 
(a) graphite, and (b) turbostratic structure of AC 

34 

5 Pore Shapes 38 

6 
Oxygen surface groups of (a) acidic character, 
and (b) basic character 

51 

7 
Model of a fragment of an oxidized active 
carbon surface 

53 

8 
(a) Staphylococcus aureus (b) Escherichia Coli (c) 
Pseudomonas aeruginosa 

70 

Chapter II: Materials & Methods 
9 (a) Artichoke peels - (b) the dried parts 76 

10 (a) Vicia faba peels - (b) the dried peels 77 

11 Silkworm feces (excrement) 77 

Chapter III: Results & Discussion 

12 
FTIR spectra of Artichoke based AC adsorbents 
prepared by method “A”  

112 

13 
FTIR spectra of Artichoke based AC adsorbents 
prepared by method “B”  

113 

14 
Curves of Point of Zero charge of Artichoke 
based AC adsorbents prepared by both methods 
“A” and “B” 

122 

15 
XRD patterns of Artichoke based AC 
adsorbents prepared by method “B” 

125 

16 

Surface plots for artichoke based untreated 
carbon: (a) Adsorption-desorption isotherms of 
N2 at STP, (b) t-plot, (c) αs-plot, and (d) 
Dubinin-Radushikevich plot 

129 



B. LIST OF FIGURES Contents 

 

 
ix 

17 
Adsorption-desorption isotherms of N2 at STP 
for artichoke based ACs prepared by both 
methods “A” and “B” (KOH, KCl, ZnCl2) 

130 

18 
Adsorption-desorption isotherms of N2 at STP 
for artichoke based ACs prepared by both 
methods “A” and “B” (CrCl3, TiCl4, H3PO4)  

131 

19 
Dubinin-Radushkevich plots for artichoke 
based ACs prepared by both methods “A” and 
“B” (KOH, KCl, ZnCl2)  

138 

20 
Dubinin-Radushkevich plots for artichoke 
based ACs prepared by both methods “A” and 
“B” (CrCl3, TiCl4, H3PO4) 

139 

21 
Scanning electron micrographs of (a) artichoke 
based untreated carbon, and (b) artichoke based 
AC/KOH/A  

146 

22 
Scanning electron micrographs of artichoke 
based AC/KOH/B 

147 

23 
FTIR spectra of Vicia faba based AC adsorbents 
prepared by method 

152 

24 
XRD patterns of Vicia faba based AC 
adsorbents prepared by method 

160 

25 

Surface plots for Vicia faba based untreated 
carbon: (a) Adsorption-desorption isotherms of 
N2 at STP, (b) t-plot, (c) αs-plot, and (d) Dubinin-
Radushikevich plot 

163 

26 
Adsorption-desorption isotherms of N2 at STP 
for Vicia faba based activated carbons prepared 
by method “B”  

164 

27 
Dubinin-Radushkevich plots for Vicia faba 
based activated carbons prepared by method 
“B”  

171 

28 
Scanning electron micrographs of Vicia faba 
based AC/KOH/B 

174 

29 
Scanning electron micrographs of (a) Vicia faba 
based AC/ZnCl2/B, and (b) Vicia faba based 
AC/TiCl4/B  

175 



B. LIST OF FIGURES Contents 

 

 
x 

30 
Scanning electron micrograph of Vicia faba 
based AC/KCl/B 

176 

31 
FTIR spectra of Silkworm feces based AC 
adsorbents prepared by method “B”  

181 

32 
XRD patterns of Silkworm feces based AC 
adsorbents prepared by method “B” 

187 

33 

Surface plots for silkworm feces based 
untreated carbon: (a) Adsorption-desorption 
isotherms of N2 at STP, (b) t-plot, (c) αs-plot, and 
(d) Dubinin-Radushikevich plot 

189 

34 
Adsorption-desorption isotherms of N2 at STP 
for silkworm feces based activated carbons 
prepared by method “B”  

191 

35 
Dubinin-Radushkevich plots for silkworm 
feces based activated carbons prepared by 
method “B” 

197 

36 
Scanning electron micrographs of (a) silkworm 
feces untreated carbon, and (b) silkworm feces 
based AC/CrCl3/B 

200 

37 
Scanning electron micrographs of silkworm 
feces based AC/TiCl4/B 

201 

38 
Scanning electron micrographs of silkworm 
feces based AC/H3PO4/B 

202 

39 
Proposed mechanism for the transformation of 
cellulose to aromatic carbon 

209 

40 

Conceptual mechanism for the transformation 
of lignin to aromatic carbon: (a) typical structure 
of lignin, (b) basic building block of lignin 
structure and (c) conceptual geometry for the 
formation of graphite like layer from the 
structural units formed during pyrolysis 

210 

41 

Hypothetical reactions of cellulose monomer 
and ZnCl2 that promote the H2O formation in 
the early stages of the activation step. Zinc 
chloride acts as Lewis acid, making chemical 
complexes with oxygen of the biopolymer to 

215 


