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ABSTRACT

5473003063: Petroleum Technology Program
Napaphat Samanwong: Carbon dioxide and Methane Competitive
Adsorption on Coconut Shell Activated Carbon.
Thesis Advisors: Assoc. Prof. Pramoch Rangsunvigit, Dr. Santi
Kulprathipanja, Asst. Prof. Boonyarach Kitiyanan 106 pp.
Keywords:  Activated carbon/ Adsorption/ Carbon dioxide/ Methane

The use of natural gas as a fuel in natural gas vehicles (NGVs) has become an
attractive alternative to gasoling and diesel fuels because of its inherent clean burning
characteristics. In adsorbed natural gas (ANG), natural gas is adsorbed by a porous
adsorbent material at a relatively low pressure with similar methane capacity as
compared to commercially compressed natural gas (CNG). Carbon-based adsorbents,
like activated carbon, could provide high adsorption capacity and delivery due to its
high specific surface area and high volumetric storage capacity. In this research, the
adsorption capacity of methane was investigated using coconut shell activated carbon
(CSAC) as an adsorbent in a packed bed column at room temperature (25°C). Binary
mixtures of methane and carbon dioxide (1o, 20, and 30 vol% of CQ2) were used.
Furthermore, to improve adsorption capacity of adsorbent, increasing surface area
and increasing hydrophobic characteristic of sample were investigated. The CSAC
was treated (1) by soaking into acid/alkali solution to increase their surface area (2)
by mixing with methyl ester sulfonate (MES) solution to increase the hydrophobicity.
BET, SEM and FTIR techniques were used to characterize the adsorbents. The
composition of methane and carbon dioxide adsorption was determined by GC.
Results showed that carbon dioxide significantly affects the adsorption of methane.
The breakthrough time of carbon dioxide is longer than that of methane, and the
methane roll up increases with the increase in the concentration of carbon dioxide
because carbon dioxide is more selectively adsorbed on all adsorbents than that of
methane.



(Carbon dioxide and Methane Competitive Adsorption on Coconut
Shell Activated Carbon ) . 1

106

Adsorbed
Natural Gas (ANG) , -
250 (10, 20
30 vol% )
2
1)
) (MES)

GC



ACKNOWELEDGEMENTS

| would like to take this chance to sincerely thank my advisor, Assoc. Prof,
Pramoch Rangsunvigit, for his helpful suggestions, discussions, supervision from the
very early stage of this research. He also provided me unflinching encouragement,
patience and support in various ways throughout my graduate thesis.

1would also like to thank my co-advisors, Dr. Santi Kulprathipanja and Asst.
Prof. Boonyarach Kitiyanan for their advices, guidances, and willingness to share
their bright thoughts with me, which were very helpful for shaping up my ideas and
research.

| would like to thank Assoc. Prof. Thirasak Rirksomboon and Assoc. Prof.
Vissanu Meeyoo for kindly serving on my thesis committee. Their suggestions are
certainly important and helpful for completion of this thesis.

This thesis work is Rinded by The Petroleum and Petrochemical College; and the
Center of Excellence on Petrochemical and Materials Technology, Thailand.

. would like to thank the entire faculty and staff at The Petroleum and
Petrochemical College, Chulalongkom University for their kind assistance and
cooperation.

| would like to thank the Carbokam Co., Ltd., Thailand, for the kind support
of activated carbon.

Finally, I would like to express my sincere gratitude to thank my whole
family for showing me the joy of intellectual pursuit ever since | was a child, for
standing by me and for understanding every single part of my mind.



TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Tables

List of Figures

CHAPTER

INTRODUCTION

LITERATURE REVIEW
2.1 Natural Gas
2.2 Natural Gas Storage Method
2.2.1 Liquified Natural Gas (LNG)
2.2.2 Compressed Natural Gas (CNG)
2.2.3 Adsorbed Natural Gas (ANG)
2.3 Natural Gas Vehicles (NGVs)
2.4 Adsorption
2.5 Adsorption Isotherms
25.1 Measurement of Adsorption Isotherms
2.5.2 1UPAC Classification of Adsorption Isotherms
2.6 Adsorbents
2.6.1 Silica Gel
2.6.2 Zeolite
2.6.3 Activated Carbon
2.6.4 Polymer-Based Compounds
2.6.5 Metal-Organic Frameworks
2.7 Literature Review

PAGE

S o1 o1 LW W

G REREBE -

1
1
i
19
il
23
24



CHAPTER

EXPERIMENTAL

31 Materials and Equipment
3.1.1 Materials
3.1.2 Chemicals
3.1.3 Equipments

3.2 Experimental Procedures
3.2.1 Adsorbent Preparation
3.2.2 Adsorbent Characterization
323 Adsorption Measurement
324 Adsorbent Stability
325 Adsorbent Surface Treatment

RESULTS AND DISCUSSION
4.1 Adsorbent Characterizations
411 Zeta Potential Measurements
4.1.2 Surface Area Analysis
4.1.3 Scanning Electron Microscopy
4.1.4 IR Spectrum Analysis
4,15 Methyl Ester Sulfonate Adsorption
4.2 Adsorption Experiments
4.2.1 Single Component Adsorption
4.2.2 Competitive Adsorption
4.2.3 Adsorbent Stahility
4.2.4 Comparison of Competitive Adsorption on
Different Adsorhents
4.2.5 cH4 and CO2 Adsorption Capacity

CONCLUSIONS AND RECOMMENDATIONS
51 Conclusions

PAGE

36
3
36
36
36
37
37
37
3
39
39

41
41
41
41

- 44

46
ol
ol
52
of

65
14

1
1



CHAPTER

5.2 Recommendations
REFERENCES

APPENDICES

Appendix A Adsorbent Physical Characterization

Appendix B Adsorption and Desorption Curves in
Different Scale

CURRICULUM VITAE

Viii

PAGE

8

19

86
86

%

106



TABLE

21
2.2
2.3

41
4.2
43
44
45
46

LIST OF TABLES
PAGE

Typical composition of natural gas 3
Features of adsorption isotherms for all six types 16
Structural characteristics and methane adsorption properties of

several benchmark MOF compounds 3
Zeta potential measurements of activated carbon 41
BET surface area 1Y)
IR assignments of functional groups on carbon surfaces 45
Methyl ester sulfonate adsorption as a function of time a7
Adsorption capacity of MES on CSAC - 13

Summary of breakthrough time, adsorption capacity, and selectivity of
investigated CSAC 6



LIST OF FIGURES

FIGURE

21

2.2

23

24

25

26
2.1
28
29

2.10
211
2.12
2.13
2.14

2.15

Adsorption of methane molecules on the activated carbon
adsorbent in micropore, mesopore, and macropore structures.
Comparison between natural gas fuel systems and gasoling fuel -
system in terms of fuel, vehicle, and station costs.

Comparison between natural gas fuel systems and gasoline fuel
system in terms of fuel, vehicle, and station costs.

Natural gas vehicles in the past; the first natural gas vehicle 1910
(USA) with balloon tank on trailer (lef) and natural gas vehicle
-1930 (France) with balloon tank on roof (right).

Natural gas vehicles in the present and future; current natural gas
vehicle with high-pressure in trunk (left) and future natural gas
vehicle with low-pressure tank in unused space (right).

IUPAC classification of adsorption isotherms.

Silica gel is a commonly used desiccant as beads packed.

Zeolites A and X, the most common commercial adsorbents
Commercial activated carbon from coconut shells-hased precursor
In powdered, - granular,and pelletized forms.

Shows the structure of different polymer surfaces; sodium polystyrene
sulfonate (eft) and Polydiallyldimethylammonium chloride (right).

A tank filled with MOF material can store much more gas than an
empty tank.

Single-component adsorption isotherms for the n-alkanes cl-Ca.
Single-component adsorption isotherms for CO2 and N.
Comparative of adsorption isotherms for the n-alkanes C+-Cs

at 25 °c.

Comparative of adsorption isotherms for CO2 and N2 at 37 c.

2.16 Surface functional groups of various GAC.

2.17

High-pressure methane sorption isotherms at various temperatures.

PAGE

1

11

12

12
16
18

20

22

24
26
21

28
28
28
34



FIGURE

31
41

4.2
43

44

45

46

47

48

Schematic diagram of the experimental set up.

SEM micrographs of alkali oracid treated CSAC: a) CSAC; h)
CSAC/NHs.H:0; ¢) CSAC/NaOH; d) CSAC/H250s;

e) CSAC/HaPQq; 0 CSAC/HNOs.

Adsorption isotherm of MES on CSAC.

Breakthrough curves of methane from the adsorption on the CSAC
with the initial concentration of methane at 75, 80, and 85 vol%

at room temperature.

Breakthrough curves of carbon dioxide from the adsorption on the
CSAC with the initial concentration of carbon dioxide at 5, 10, 15,
and 20 vol% at room temperature.

Breakthrough curves of methane and carbon dioxide from the
competitive adsorption on the CSAC with the initial concentration
of methane at 10 vol% and carbon dioxide at 10 vol% at room
temperature.

Breakthrough curves of methane and carbon dioxide from the
competitive adsorption on the CSAC with the initial concentration
of methane at 10 vol% and carbon dioxide at 20 vol% at room
temperature.

Breakthrough curves of methane and carbon dioxide from the
competitive adsorption on the CSAC with the initial concentration
of methane at 10 vol% and carbon dioxide at 30 vol% at room
temperature.

Breakthrough curves of methane and carbon dioxide from the
competitive adsorption on the CSAC with the initial concentration
of methane at 10 vol% and carbon dioxide at 10, 20, and

30 vol% at room temperature,

Xl

PAGE

39

ol

52

sl

5

56



FIGURE

49

410

411

412

413

414

Breakthrough curves of methane and carbon dioxide from
the 3-cycle adsorption process on the CSAC with the initial
concentration of methane at 10 vol% and carbon dioxide at
10 vol% at room temperature.

Three desorption cycles of methane and carbon dioxide
from the CSAC with the initial concentration of methane at
10 vol% and carbon dioxide at 10 vol% at room
temperature.

Breakthrough curves of methane and carbon dioxide from
the 3-cycle adsorption process on the CSAC treated by
sodium hydroxice with the Initial concentration of methane
at 10 vol% and carbon dioxide at 10 vol% at room
temperature.

Three desorption cycles of methane and carbon dioxide
from the CSAC treated by sodium hydroxide with the initial
concentration of methane at 1o vol% and carbon dioxide at
10 0I% at room temperature.

Breakthrough curves of methane and carbon dioxide from
the 3-cycle adsorption process on the CSAC treated by
ammonium hydroxide with the initial concentration of
methane at 10 vol% and carbon dioxide at 10 vol% at room
temperature.

Three desorption cycles of methane and carbon dioxide
from the CSAC treated by ammonium hydroxide with the
initial concentration of methane at 10 vol% and carbon
dioxide at 10 vol% at room temperature.

PAGE

of

58

59

59

60



FIGURE

415

4.16

417

418

419

4.20

Breakthrough curves of methane and carbon dioxide from
the 3-cycle adsorption process on the CSAC treated by
potassium hydroxide with the initial concentration of
methane at 10 vol% and carbon dioxide at 10 vol% at room
temperature.

Three desorption cycles of methane and carbon dioxide
from the CSAC treated by potassium hydroxide with the
initial concentration of methane at 10 vol% and carbon
dioxide at 10 vol% at room temperature.

Breakthrough curves of methane and carbon dioxide from
the 3-cycle adsorption process on the CSAC treated by
sulfuric acid with the initial concentration of methane at 10
vol% and carbon dioxide at 10 vol% at room temperature.
Three desorption cycles of methane and carbon dioxide
from the CSAC treated by sulfuric acid with the initial
concentration of methane at 10 vol% and carbon dioxide at
10 V0I% at room temperature.

Breakthrough curves of methane and carbon dioxide from
the 3-cycle adsorption process on the CSAC treated by
Jiitric acid with the initial concentration of methane at 10
vol% and carbon dioxide at 10 vol% at room temperature.
Three desorption cycles of methane and carbon dioxide
from the CSAC treated by nitric acid with the initial
concentration of methane at 10 vol% and carbon dioxide at
10 v0I% at room temperature.

PAGE

60

6l

6l

62

62

63



FIGURE

421

4.22

4.23

4.24

4.25

4.26

Breakthrough curves of methane and carbon dioxide from
the 3-cycle adsorption process on the CSAC treated hy
phosphoric acid with the initial concentration of methane at
10-vol% and carbon dioxide at 10 vol% at room
temperature.

Three desorption cycles of methane and carbon dioxide
from the CSAC treated by phosphoric acid with the initial
concentration of methane at 10 vol% and carbon dioxide at
10 vol% at room temperature.

Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the untreated CSAC with the
initial concentration of methane at 10 vol% and carbon
dioxide at 10 vol% at room temperature.

Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the CSAC treated by sodium
hydroxide with the initial concentration of methane at 10
vol% and carbon dioxide at 10 vol% at room temperature.
Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on -the CSAC treated by
ammonium hydroxide with the- initial concentration of
methane at 10 vol% and carbon dioxide at 10 vol% at room
temperature.

Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the CSAC treated by
potassium hydroxide with the initial concentration of
methane at 10 vol% and carbon dioxide at 10 vol% at room
temperature.

XIV

PAGE

63

65

66

66

67



FIGURE

4.21

4.28

4.29

4.30

431

Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the CSAC treated by sulfuric
acid with the initial concentration of methane at 10 vol%
and carbon dioxide at 10 vol% at room temperature.
Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the CSAC treated by nitric
acid with the initial concentration of methane at 10 vol%
and carbon dioxide at 10 vol% at room temperature.
Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the CSAC treated hy
phosphoric acid with the initial concentration of methane at
10 vol% and carbon dioxide at 10 vol% at room
temperature.

Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the untreated CSAC, CSAC
treated by sulfuric acid, CSAC treated by phosphoric acid,
CSAC treated by nitric acid, CSAC treated by potassium
hydroxide, CSAC treated by ammonium hydroxide and
CSAC treated by sodium hydroxide with the initial
concentration of methane at 10 vol% and carbon dioxide at
10 vol% at room temperature.

Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the CSAC treated by MES at
15 mgn with the initial concentration of methane at 10 vol%
and carbon dioxide at 10 vol% at room temperature.

XV

PAGE

67

68

68

69

n



FIGURE

4.32 Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the CSAC treated by MES at
50 my'L with the initial concentration of methane at 10 vol%
and carbon dioxide at 10 vol% at room temperature,

433 Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the CSAC treated by MES at
1528 mgn with the initial concentration of methane at 1o
vol% and carbon dioxide at 10 vol% at room temperature.

4.34  Breakthrough curves of methane and carbon dioxide from
the competitive adsorption on the untreated CSAC, CSAC
treated by MES at 15mg/l, 50 my/L, and 152.8 my1 with the
initial concentration of methane at 10 vol% and carbon
dioxice at 10 vol% at room temperature.

XVI

PAGE

12

12

73



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



