Contents

1

Introduction . .. ..... ... ... . ... .. ...
1.1  Ammonia and Air Pollution . . .. ...... ... ... .. ... ...
1.2 General Overview on Adsorption and its Applications
in Air Pollution. . . ...... ... . ... . ...
1.3 Current Situation on Ammonia Adsorption. . . .............
References . . .. ... .
Objectives and Research Approach . ......................
Materials and Methods . . .. ..... ... ... ... ... ... ... ... ..
3.1 Materials . .. ...
3.1.1  Activated Carbons. . .. ........ ... ... ... ... ...
3.1.2  Graphite oxide . ........ ... ... ...
3.1.3  Metal-Organic Frameworks . ...................
3.1.4  Graphite Oxide-Based Composites . ..............
315 ResinS ..ot
32 Methods. . ..ot
3.2.1  Ammonia Breakthrough and Desorption Test . . ... ...
3.2.2  Nitrogen Sorption . . . ............ ...
3.2.3  Thermogravimetric Analysis. . ..................
3.2.4  Surface pH Measurement . . .. ..................
3.2.5 Potentiometric Titration . . . .. ..................
3.2.6  Fourier Transform Infrared Spectroscopy...........
327 Elemental Analysis . .......... ... ... ... ......
3.2.8  X-ray Diffraction Spectroscopy. ... ..............
3.2.9  X-ray Photoelectron Spectroscopy. ...............
3.2.10 Energy Dispersive X-ray Spectroscopy . ...........
3.2.11 Scanning Electron Microscopy . . ................
3.2.12 Transmission Electron Microscopy . ..............
References . .. ... ... ...

W

13

15
15
15
17
18
19
21
21
21
22
23
23
23
24
24
24
25
25
25
25
25

ix


http://dx.doi.org/10.1007/978-1-4614-3393-4_1
http://dx.doi.org/10.1007/978-1-4614-3393-4_1
http://dx.doi.org/10.1007/978-1-4614-3393-4_1#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_1#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_1#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_1#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_1#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_1#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_1#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_1#Bib1
http://dx.doi.org/10.1007/978-1-4614-3393-4_2
http://dx.doi.org/10.1007/978-1-4614-3393-4_2
http://dx.doi.org/10.1007/978-1-4614-3393-4_3
http://dx.doi.org/10.1007/978-1-4614-3393-4_3
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec7
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec7
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec10
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec10
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec13
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec13
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec17
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec17
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec18
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec18
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec19
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec19
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec20
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec20
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec21
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec21
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec22
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec22
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec23
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec23
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec24
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec24
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec25
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec25
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec26
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec26
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec27
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec27
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec28
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec28
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec29
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec29
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec30
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Sec30
http://dx.doi.org/10.1007/978-1-4614-3393-4_3#Bib1

8

Contents

Performance of the Materials Tested for Ammonia Removal . . ..
References . . . . ... .. . e

Role of Textural Parameters . . ... ......... ... ... ........
5.1 Characterization of the Materials Studied. ... .............
5.2 Porosity: A Necessary but Non-Sufficient Condition . . .. ... ..
5.3 Importance of Dispersive Forces. .. ....................
References . . .. ... ..
Role of Surface Chemistry. . ............................
6.1 Roleof Acidity. . ... ... .. .. ..
6.2 Role of Oxygen-Containing Groups. . . .. ................
6.2.1 Role of Carboxyl Groups . . . ...................
6.2.2 Role of Epoxy Groups. . . .....................
6.2.3  Role of Hydroxyl Groups. . . ...................
6.3 Role of Sulfur-Containing Groups. . . . ..................
6.3.1 Role of Sulfonic Groups . .....................
6.3.2  Role of Thiophenic Groups . ...................
6.4 Role of Inorganic Matter . . .. .......... ... ... ........
6.4.1 Lewis Interactions. . . ......... ... ............
6.4.2 Hydrogen Bonding . .......... ... ... ... ... ...
6.43 Complexation . .............c.0uiiuununeunen..
6.4.4  Influence of the Amount of Metal. . ... ...........
References . . ... ... .
Role of Water . . . .. ... ... ... . .. . .. .
7.1 Influence of the Moisture During Adsorption . . ............
7.1.1  Water as an Enhancing Factor .. ................
7.1.2  Water as a Neutral Component or Obstacle
in Adsorption Processes . . .. ......... ... ... ...,
7.2 Influence of the Moisture on the Strength of Adsorption . . . . ..
References . . ... ... .
Mechanisms of Adsorption and Strength of Retention. . . . ... ...
8.1 Physisorption . . ........ ... ...
8.2 Dissolutionin Water . .. ......... ... ..
8.3 Hydrogen Bonding . ......... ... .. ... .. . ..
8.4 Lewis Acid-Base Reactions . .. .......... ... ... ... ....
8.5 Brgnsted Acid—Base Reactions . . . ........ ... ... ... ...,
8.6 Complexation . . ........ ... ... .. i,
8.7 Nucleophilic Addition . . ......... ... ... ... ... .......
8.8 Complexity of Ammonia Retention. . ...................
8.9 Strength of Adsorption. . .. .......... .. .. ... .. .. .. ...

References . . . ... ... . e

29
33

35
35
37
41
50

53
53
58
58
66
68
70
70
72
73
73
74
75
77
78

83
83
83

84
85
86

&9
&9
90
90
91
91
92
92
92
93
98


http://dx.doi.org/10.1007/978-1-4614-3393-4_4
http://dx.doi.org/10.1007/978-1-4614-3393-4_4
http://dx.doi.org/10.1007/978-1-4614-3393-4_4#Bib1
http://dx.doi.org/10.1007/978-1-4614-3393-4_5
http://dx.doi.org/10.1007/978-1-4614-3393-4_5
http://dx.doi.org/10.1007/978-1-4614-3393-4_5#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_5#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_5#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_5#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_5#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_5#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_5#Bib1
http://dx.doi.org/10.1007/978-1-4614-3393-4_6
http://dx.doi.org/10.1007/978-1-4614-3393-4_6
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec4
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec4
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec5
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec5
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec6
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec6
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec7
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec7
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec8
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec8
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec9
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec9
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec10
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec10
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec11
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec11
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec12
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec12
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec13
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Sec13
http://dx.doi.org/10.1007/978-1-4614-3393-4_6#Bib1
http://dx.doi.org/10.1007/978-1-4614-3393-4_7
http://dx.doi.org/10.1007/978-1-4614-3393-4_7
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Sec4
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Sec4
http://dx.doi.org/10.1007/978-1-4614-3393-4_7#Bib1
http://dx.doi.org/10.1007/978-1-4614-3393-4_8
http://dx.doi.org/10.1007/978-1-4614-3393-4_8
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec1
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec2
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec3
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec4
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec4
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec5
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec5
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec6
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec6
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec7
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec7
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec8
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec8
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec9
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Sec9
http://dx.doi.org/10.1007/978-1-4614-3393-4_8#Bib1

Contents xi

9 Conclusions. . . ........ ... . . .. e 101
10 Paths Toward Future Research . . . ... .................... 103

References . . .. ... .. i e 104
Appendix . . ... 105


http://dx.doi.org/10.1007/978-1-4614-3393-4_9
http://dx.doi.org/10.1007/978-1-4614-3393-4_9
http://dx.doi.org/10.1007/978-1-4614-3393-4_10
http://dx.doi.org/10.1007/978-1-4614-3393-4_10
http://dx.doi.org/10.1007/978-1-4614-3393-4_10#Bib1

	Contents

