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ABSTRACT

Application of natural gas (NG) as a transportation fuel introduces the
possibility of reducing the dependency of liquid based petroleum fuel and emissions
of greenhouse gases. At present, compression and liquefaction are the most used
technology used for transportation system. For transportation use, compression
requires high pressure (200-300 bar) while liquefaction is impractical. A relatively
low pressure of 30-40 bar is achievable by adsorbed natural gas to store nearly
compressed natural gas. In this study, adsorbents for high-pressure adsorption of
methane (CH4) and NG were prepared from coconut shells and polyether ether ketone
(PEEK) using potassium hydroxide (KOH) and microwave-assisted activation. The
role of KOH was to modify the properties and structure of the adsorbent to suffice
better adsorption applications. Design expert software version 7.1.6 was used for
optimization and prediction of preparation conditions of the adsorbents for CH4 and
NG adsorption. Effects of microwave power, activation time and quantity of PEEK on
the adsorbents performance toward CH4 and NG adsorption were investigated. The
adsorbents were characterized by pH, Fourier transform infrared spectroscopy,
thermogravimetric and derivative thermogravimetric, mechanical property, nitrogen
adsorption, bulk density, scanning electron microscopy, and ultimate and proximate
analyses. The ideal CH4 and NG adsorption capacities of adsorbents were determined
using volumetric method at pressures of 5, 7.5, 11, 17, 25, 30 and 35 bar at ambient
temperature, while at 5 °C, the adsorption was carried out at 5, 17 and 35 bar. Isotherm
and kinetics models were used to validate the experimental results. The optimum
preparation conditions were found to be 15 wt % of PEEK, 3 minutes activation time
and 300 W microwave power. The highest CH4 uptake of 9.7045 mmol CHg
adsorbed/g adsorbent was recorded by adsorbent (M33P15) (300 W of microwave
power, 3 minutes activation time and 15 wt % amount of PEEK) among the sorbents
at ambient temperature and 35 bar. Similarly, the highest NG uptake of 9.9432 mmol
NG adsorbed/g adsorbent was also achieved by the same sample under the same
adsorption conditions. The CH4 and NG equilibrium data were well correlated with
Sips, Toth, Freundlich and Langmuir. Isotherms revealed that the Sips isotherm has
the best fit, while the kinetics studies revealed that the pseudo-second-order kinetic
model best describes the adsorption process. In all scenarios studied, a decrease in
temperature led to an increase in adsorption of both gases. The M33P15 maintained its
stability even after seven adsorption/desorption cycles. The findings revealed the
potential of coconut shell-PEEK as CH4 and NG adsorbent.
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ABSTRAK

Pengaplikasian gas asli (NG) sebagai bahan api pengangkutan memberi
kemungkinan pengurangan terhadap kebergantungan kepada bahan api berasaskan
petroleum cecair dan pengurangan terhadap pelepasan gas rumah hijau. Pemampatan
dan pencairan adalah teknologi yang paling banyak digunakan untuk sistem
pengangkutan sehingga kini. Secara relatifnya tekanan yang tinggi (200-300 bar)
diperlukan bagi pemampatan manakala pencairan tidak dipraktikkan untuk kegunaan
pengangkutan. Tekanan rendah dari 30-40 bar boleh dicapai oleh gas asli terserap
untuk menyimpan gas asli termampat. Dalam kajian ini, penjerap-penjerap untuk
penjerapan metana (CH4) bertekanan tinggi dan NG telah disediakan daripada
tempurung kelapa dan polieter-eter-keton (PEEK) dengan menggunakan kalium
hidroksida (KOH) dan pengaktifan berbantukan gelombang mikro. Peranan KOH
adalah untuk mengubahsuai sifat-sifat dan struktur bahan penjerap untuk
meningkatkan aplikasi kadar penjerapan yang lebih baik. Perisian design expert versi
7.1.6 telah digunakan untuk pengoptimuman dan ramalan keadaan penyediaan
penjerap-penjerap untuk penjerapan CH4 dan NG. Kesan-kesan daripada kuasa
gelombang mikro, masa pengaktifan dan kuantiti PEEK ke atas prestasi penjerap-
penjerap terhadap penjerapan CH4 dan NG telah dikaji. Penjerap-penjerap dicirikan
menggunakan pH, inframerah transformasi Fourier, analisis termo-gravimetri dan
termo-gravimetri derivatif, sifat mekanikal, penjerapan nitrogen, ketumpatan pukal,
mikroskop imbasan elektron dan analisis proksimat dan analisis muktamad. Kapasiti
penjerapan penjerap-penjerap CH4 dan NG yang ideal telah ditentukan menggunakan
kaedah isipadu pada tekanan 5, 7.5, 11, 17, 25, 30 dan 35 bar pada suhu ambien
sementara pada 5 oC, penjerapan dijalankan pada 5, 17 and 35 bar. Model kinetik dan
isoterma telah digunakan untuk mengesahkan hasil eksperimen. Keadaan penyediaan
optimum telah didapati iaitu 15wt % jumlah PEEK, 3 minit masa pengaktifan dan 300
W kuasa gelombang mikro. Penjerapan penjerap CH4 yang paling tinggi iaitu 9.7045
mmol CHa4 terjerap/g telah direkodkan oleh penjerap (M33P15) (300 W kuasa
gelombang mikro, 3 minit masa pengaktifan dan 15 wt % jumlah PEEK) di antara
penjerap-penjerap yang lain pada suhu ambien dan 35 bar. Begitu juga, penjerapan
penjerap NG yang paling tinggi iaitu 9.9432 mmol NG terjerap/g juga telah dicapai
oleh sampel yang sama dalam keadaan penjerapan yang sama. Data keseimbangan
CHa4 dan NG adalah berkorelasi baik dengan Sips, Toth, Freundlich dan Langmuir.
Isoterma-isoterma mendedahkan bahawa isoterma Sips adalah yang paling padan
manakala kajian kinetik mendedahkan bahawa model kinetik pseudo-tertib-kedua
adalah yang terbaik untuk menerangkan proses penjerapan. Dalam semua keadaan
kajian, pengurangan pada suhu membawa kepada peningkatan pada penjerapan kedua-
dua gas. M33P15 mengekalkan Kkestabilan walaupun selepas tujuh Kitaran
penjerapan/penyahjerapan. Penemuan-penemuan mendedahkan potensi tempurung
kelapa-PEEK sebagai penjerap CH4 dan NG.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Study

With the recent concern about the emissions from diesel engines, in addition
to the increasing demand for energy coupled with instability of conventional fuel
prices, has influenced interest towards sourcing alternative fuel ( Wei and Geng, 2016).
Many countries want to reduce their dependency on the imported fuels (diesel and
gasoline) due to the aforementioned issues. These issues could be solve by initiating a
reliable and visible technology that can accommodate the demands in the energy
application sectors. Works by Wang et al. (2017) stated that the available and reliable
energy that can secure sustainability in environmental delivery with minimal Green
House Gases (GHGs) emission is Natural Gas (NG). With increasing government
interest in restriction of GHGs emission from transportation systems and growing
concern over the creation of sustainable environment by adaption of alternative fuel

known as NG has gained popularity ( Yang et al., 2014a).

Greenhouse Gases (GHGs) emission has attracted global attention due to their
negative contribution to the environment. In order to control its negative contribution
to the biosphere, the international community has initiated an incentive, policies,
regulations, and agreements that governed the GHG’s emission under Kyoto protocol.

These include Joint Implementation (JI), emission-trading known as carbon market



and Clean Development Mechanism (CDM). United Nation Framework Convention
on Climate Change (UNFCCC), 2013, stated that the parties were fully engaged and
committed to lowering the emission of GHGs in the years to come (2013 to 2020) by
18 percent below the year 1990 emission level. The commitment is paying attention to
six GHGs, which include; nitrous oxide (N20), sulfur hexafluoride (SFe),
perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), methane (CH4) and carbon
dioxide (CO2) (Guo and Liang, 2016).

The two pronounced methods for NG storage are in liquefaction state and in
compression form (El-Sharkawy et al., 2015). The major setback of liquefied natural
gas (LNG) stored at low temperature (112 K) which requires special equipment (He et
al., 2013). Compressed natural gas (CNG) stored at 200 to 300 bar (El-Sharkawy et
al., 2015) in which expensive/heavy operating equipment are used, limited refueling
stations and the high cost of refueling with no safety guarantee to passengers on board
(Beckner and Dailly, 2015). Adsorbed natural gas (ANG) storage system is been

considered as a promising and the best option.

Previously, adsorbent such as zeolites, silica gels, metal organic frame work
and mesoporous solids for methane storage has been reviewed (Menon and
Komarneni, 1998). Some of these adsorbents exhibit high-adsorption performance in
CHa4 but they are expensive and require multi-stage fabrication. Carbon materials are
more suitable for methane adsorption due to their easy tailoring texture and surface
properties, low cost, availability, low energy requirement and hydrophobicity (Labus

etal., 2014).

Coconut shell is the leading raw material used for the production of activated
carbon in Asia, which is over 60% share of the total raw materials used (Bandosz,
2006). This might be due to its availability around the region and possession of
excellent properties such as faster kinetic, high carbon content, low organic matter,
hardness and high storage capacity (Sahoo and Ramgopal, 2016). In addition, it can
withstand higher-pressure operations with several cycles of reusability (Sahoo and

Ramgopal, 2016). A lot of by-products are usually generated in the form of fibers or
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shells annually. Therefore conversion of the by-product to activated carbon is

imperative due to the current environmental problem.

Coconut shells activated carbon indeed, showed a good CH4 and natural gas
adsorption performance in numerous conditions. However, it also suffers from
instability issues, due to the poor mechanical properties at higher pressure, which can
lead to the inability of the activated carbon to withstand the high-pressure adsorption.
This issue is typically overcome by blending the coconut shells with structural
polymer, namely Polyether Ether Ketone (PEEK), which adds more strength to the
activated carbon matrix under high-pressure condition, while facilitating the gas
transport mechanism. The blending purpose is to obtain a positive result in terms of

stability and adsorption performance.

The conventional heating method for production of activated carbon is by using
a furnace. The technique generates high temperature which will lead to consumption
of large amount of energy, making it less effective and very expensive (Hesas et al.,
2013b). An alternative technique is microwave activation achieved at a lesser heating
period compared to the conventional type of activation. Microwave is an energy
efficient and cost effective equipment for producing activated carbons with higher
surface area and better yield compared to conventional heating equipment (Hamza et
al., 2015; Hesas et al., 2013b). The proposed microwave-assisted for the activation of

activated carbon in this work because of the above-highlighted advantages.

Several chemicals have been used as an activating agents in the production of
activated carbon, which includes; phosphoric acid (Hesas et al., 2013b), sodium
hydroxide (Auta ef al., 2013), zinc chloride (Ozdemir ef al., 2014), potassium
carbonate (Jin and Zhu, 2014), potassium hydroxide (Nasri ef al., 2014; Tseng and
Tseng, 2005) and so on. Among these activating agents, potassium hydroxide proved
to be the best chemical for activation due to its ability to develop adsorbent with higher
surface area and larger pore size, influenced from the intercalation of potassium metal
with carbon material (Auta and Hameed, 2011). The synthesis conditions and routes

also play an important role (Gadipelli and Guo, 2015). This, therefore, call the attention



of researchers towards exploring more efficient and effective processing routes for

activated carbon production.

This research work focus towards the production of novel activated carbon
from coconut shells as one of the most available biomass in Malaysia with PEEK as a
support material and potassium hydroxide as an activating agent for CH4 and natural
gas storage at different pressures. Until now, limited research attention is given to the
improvement of mechanical strength of activated carbon for adsorbed natural gas
application. The role of PEEK in this study is to improve the dimensional stability
(mechanical properties) and gas uptake of the adsorbent. In addition, the aim of this
work is to investigate the adsorptive characteristics of analytical grade CH4 and NG
commercially available in the Malaysian market onto the synthesized activated
carbons using the volumetric technique. In addition, it is to study the kinetics of
process based on CH4 and NG adsorption and desorption rate as fast kinetics are crucial

toward achieving fast adsorption and desorption of CH4 and NG (Mason ef al., 2014).

1.2 Problem Statement

Activated carbon has been found to be undoubtedly the most popular and
widely used adsorbent in adsorbed natural gas (ANG) system throughout the world
and superior compared to zeolites, silica gels, and metal organic framework. This is so
because, the precursors are cheap, abundant and unsophisticated, and at the same time,
the adsorption capacity is tremendous (Mohammed et al., 2014a; Nasri ef al., 2014b).
Of all the precursors applied for the synthesis of activated carbon, coconut shell is one
of the most widely used due to its availability in most parts of the world and

effectiveness in gas phase applications.

At present, compression and liquefaction are the most matured system of

storage. The drawback is, compression requires high pressure (200-300 bar) while



liquefaction is impractical. A relatively low pressure of 30-40 bar is achievable by
ANG to store nearly Compressed Natural Gas (CNG). However, development of
viable adsorbent with the ability for adsorption-desorption without obvious adsorbent

structural deformation has becomes a challenge.

Most of the research conducted by previous researchers for the production of
activated carbon focused on the pore structural modifications and surface chemistry
for enhanced methane adsorption without considering the importance of its mechanical
property. Limited research attention is given to the improvement of mechanical
strength of activated carbon for this particular application. Adsorbent viability would
be determined by its ability to adsorb-desorb gas for several cycles. Report has shown
that adsorption-desorption of CH4 can cause deformation of adsorbent leading in
reducing its mechanical strength (Zhou ef al., 2017). The deformation strength of the
adsorbent varies from the initial adsorption pressure and the number of adsorption-
desorption cycles (Zhou et al., 2015). The higher the initial pressure of adsorption and
the number of adsorption-desorption cycles the more obvious the adsorbent structure

deformation (Liu ef al., 2015).

To illustrate this issue of the mechanical strength, composite activated carbon
from coconut shell and polyether ether ketone were developed. Polyether ether ketone
is an aromatic, linear and semicrystalline thermoplastic with excellent mechanical
properties. It was reported that polyether ether ketone porous carbon has good
properties with high compressive strength and gas storage applications (McNicholas
et al., 2010). However, the high price of polyether ether ketone limited its commercial
applications such as in gas energy storage. An alternative was initiated by developing
adsorbent for adsorbed natural gas system from a readily available precursor in
Malaysia (coconut shells) with polyether ether ketone to synergistically withstand
high-pressure impact of several cycles of adsorption-desorption with an improved gas

adsorption uptake.

To the best of my knowledge, no sufficient research on: Synthesis of composite

sorbent from coconut shells and polyether ether ketone with KOH as an activating



agent and optimization by Response Surface Methodology (RSM) followed by
microwave activation to improve its mechanical properties and specific surface area.
In addition, the potential effects of kinetics and adsorption isotherm models on the CH4
and NG adsorption and desorption rates were evaluated as fast kinetics are factors for

achieving fast adsorption and desorption rate.

1.3  Hypothesis

i. NG uptake is related to activated carbon preparation conditions.

ii. Lowering adsorbent temperature during gas (CHs and NG)
adsorption process favors its adsorption uptake.

iii.  Activated carbon stability at several adsorption and desorption
cycles depends on the mechanical strength of its precursors

(coconut shells and PEEK).

1.4  Research Objectives

The objectives of the research are:
i.  To synthesize and characterize activated carbon (AC) from coconut shell and
PEEK modified AC adsorbents.
ii.  Toinvestigate the adsorptivity of the characterized adsorbents toward CH4 and
NG gases.
iii.  To study the isotherm and kinetics models of the adsorption.

iv.  To examine the stability of the adsorbents



1.5

ii.

iii.

iv.

Scope of Study

The scope of this research work is limited to the following:

The precursors (coconut shell and PEEK) were carbonised followed by
modification with KOH then activation using microwave equipment for
enhanced methane and natural gas uptake. The characterization of the AC
covers mechanical properties, functional groups determination, pH
determination, and elemental composition determination, thermogravimetric
analysis (TG, DTG, fixed carbon, ash and volatile matter), density,
morphology and texture properties (scanning electron microscopy and specific
surface area).

Adsorptivity of the synthesized adsorbents towards methane and natural gases
were investigated using the static volumetric technique, by pressure and
temperature measurement across the adsorption and load cells. The methane
and natural gas adsorption pressure range is 5 -35 bar, while the temperature is
at an ambient and 5 °C. The methane and natural gas adsorption at temperature
5 °C achieved at pressure 5, 17 and 35 bar only.

Kinetics of the adsorption was described using pseudo-first-order, pseudo-
second order, Elovich and Weber-Morris models. The methane and natural gas
adsorption equilibrium data were also correlated with Langmuir, Freundlich,
Sips and Toth’s isotherm models.

Stability of the activated carbon was determined after seven successive of
adsorption-desorption cycles. Normal adsorbed natural gas materials are tested
for methane and natural gas storage at pressure range of 35 to 40 bars. But due
to safety, the pressure used in this study is 35 bar only. Adsorbent desorption

at this pressure was also evaluated.



1.6  Significances and Original Contributions of This Study

Coconut shell is an agricultural waste and abundant in Malaysia, has less
economic value and their disposal is costly, while burning will equally cause damage
to the atmosphere by the emission of greenhouse gases. Using the by-product for
development of gas adsorbent can serve as a way of minimizing the negative
environmental effect of this waste. In addition, it adds value to the agricultural waste,
reduces the cost of its disposal, and provides a potentially cheap alternative to existing
high cost of AC. An adsorbent with sufficient working capacity produced from
coconut shell would go a long way economically and technically for competitive
comparison with compressed natural gas conventional storage method. NG vehicle
represents a cost-competitive, lower-emission alternative to the gasoline-fueled
vehicle. The immediate challenges that confront the natural-gas vehicle are high-
pressure system and bulky natural gas storage cylinders. Activated carbon is use as an
adsorbent to store natural gas for vehicular application at lower pressure system and

reduced bulky confined space.

1.7 Thesis Structure and Organization

This thesis comprises of five chapters. In each chapter, the relevant subjects

discussed as follows:

Chapter 1 introduce the background of the study discussed in this chapter. The
problems prompted this study was also highlighted. The objective, scope, and

significance of this research were also stated.

Chapter 2 contain the critical review of the relevant literature to this research

was made. Extensive discussion on Policies and regulations governing the greenhouse



gas emission made in this chapter. The discussion on the importance of NG utilization
as an alternative to conventional liquid fossil fuel also reviewed. The literature on
activated carbons production methodology steps such as; carbonization, Modification,
Activation with microwave, gas adsorption, and desorption was reviewed. The review
on the use and importance of design expert software for optimization of activated

carbon preparation variables is been highlighted.

Chapter 3 consists of a selection of equipment and materials, the methodology
employed and steps followed in accomplishing the objective of the research work was
stated. The steps include; carbonization, impregnation/modification of the produced
bio-char, characterization of the raw precursor, biochar and the produced activated
carbons, activation process with microwave and adsorption process. Adsorption
isotherms and kinetics equations used in correlating with the experimental data. Also,
the use of design expert software for optimization of parameters for preparation of

activated carbons discussed.

In chapter 4, the results obtained for bio-char synthesis, activated carbon
synthesis, characterization of the raw precursor, biochar and activated carbon were
discussed. Adsorption of CH4 and natural gas onto the synthesized activated carbon

were also discussed.

Finally, in chapter 5, the findings of this research work were been presented.

The recommendations were been made on how to improve for future work



185

REFERENCES

Abbas, W, Bokhari, T., Bhatti, I. and Igbal, M. (2015). Degradation study of disperse
red F3BS by gamma radiation/H 2 O 2. Asian J. Chem, 27(1), 282.

Agarwal, S., Tyagi, L, Gupta, V., Bagheri, A., Ghaedi, M., Asfaram, A., Hajati, S. and
Bazrafshan, A. (2016). Rapid adsorption of ternary dye pollutants onto copper
(D oxide nanoparticle loaded on activated carbon: experimental optimization
via response surface methodology. Journal of Environmental Chemical
Engineering, 4(2), 1769-1779.

Ahmad, A. and Hameed, B. (2010). Effect of preparation conditions of activated
carbon from bamboo waste for real textile wastewater. Journal of hazardous
materials, 173(1), 487-493.

Ahmadpour, A., Okhovat, A. and Mahboub, M. D. (2013). Pore size distribution
analysis of activated carbons prepared from coconut shell using methane
adsorption data. Journal of Physics and Chemistry of Solids, 74(6), 886-891.

Alcaniz-Monge, J., De La Casa-Lillo, M., Cazorla-Amoros, D. and Linares-Solano,
A. (1997). Methane storage in activated carbon fibres. Carbon, 35(2), 291-297.

Al-Nasri, S. K. A. (2015). Treatment of Wastewater Containing Cobalt (Co-59) and
Strontium (Sr-89) as a Model to Remove Radioactive Co-60 and Sr-90 Using
Hierarchical Structures Incorporating Zeolitesa. The University of
Manchester (United Kingdom).

Alslaibi, T. M., Abustan, 1., Ahmad, M. A. and Foul, A. A. (2013a). Application of
response surface methodology (RSM) for optimization of Cu2+, Cd2+, Ni2+,
Pb2+, Fe2+, and Zn2+ removal from aqueous solution using microwaved olive
stone activated carbon. Journal of Chemical Technology & Biotechnology,
88(12), 2141-2151.

Alslaibi, T. M., Abustan, 1., Ahmad, M. A. and Foul, A. A. (2013b). A review:

production of activated carbon from agricultural byproducts via conventional



186

and microwave heating. Journal of Chemical Technology & Biotechnology,
88(7), 1183-1190.

Ania, C Parra, J., Menendez, J. and Pis, J. (2007). Microwave-assisted regeneration
of activated carbons loaded with pharmaceuticals. Water research, 41(15),
3299-3306.

Arami-Niya, A., Daud, W. M. A. W. and Mjalli, F. S. (2011). Comparative study of
the textural characteristics of oil palm shell activated carbon produced by
chemical and physical activation for methane adsorption. Chemical
Engineering Research and Design, 89(6), 657-664.

Arami-Niya, A., Daud, W. M. A. W, Mjalli, F. S, Abnisa, F. and Shafeeyan, M. S.
(2012). Production of microporous palm shell based activated carbon for
methane adsorption: modeling and optimization using response surface
methodology. Chemical Engineering Research and Design, 90(6), 776-784.

Araujo, K. (2014). The emerging field of energy transitions: progress, challenges, and
opportunities. Energy Research & Social Science, 1, 112-121.

Arena, N, Lee, J. and Clift, R. (2016). Life Cycle Assessment of activated carbon
production from coconut shells. Journal of Cleaner Production, 125, 68-77.

Asfaram, A., Ghaedi, M., Hajati, S., Goudarzi, A. and Bazrafshan, A. A. (2015a).
Simultaneous ultrasound-assisted ternary adsorption of dyes onto copper-
doped zinc sulfide nanoparticles loaded on activated carbon: optimization by
response surface methodology. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 145,203-212.

Asfaram, A., Ghaedi, M., Hajati, S., Rezaeinejad, M., Goudarzi, A. and Purkait, M.
K. (2015b). Rapid removal of Auramine-O and Methylene blue by ZnS: Cu
nanoparticles loaded on activated carbon: a response surface methodology
approach. Journal of the Taiwan Institute of Chemical Engineers, 53, 80-91.

Auta, M., Darbis, N. A, Din, A. M. and Hameed, B. (2013). Fixed-bed column
adsorption of carbon dioxide by sodium hydroxide modified activated alumina.
Chemical engineering journal, 233, 80-87.

Auta, M. and Hameed, B. (2011). Preparation of waste tea activated carbon using
potassium acetate as an activating agent for adsorption of Acid Blue 25 dye.

Chemical engineering journal, 171(2), 502-509.



187

Ayawei, N., Angaye, S. S., Wankasi, D. and Dikio, E. D. (2015a). Synthesis,
Characterization and Application of Mg/Al Layered Double Hydroxide for the
Degradation of Congo Red in Aqueous Solution. Open Journal of Physical
Chemistry, 5(03), 56.

Ayawet, N., Ekubo, A., Wankasi, D. and Dikio, E. (2015b). Adsorption of Congo Red
by Ni/Al-CO3: Equilibrium, Thermodynamic and Kinetic Studies. Oriental
Journal of Chemistry, 31(3), 1307-1318.

Baba, U. M. (2015). Adsorption of Carbon Dioxide and Methane on Alkali Metal
Exchanged Silicoaluminophosphate Zeolite. Universiti Teknologi Malaysia.

Balat, M. (2009). Global trends on production and utilization of natural gas. Energy
Sources, Part B, 4(4), 333-346.

Balitskiy, S., Bilan, Y., Strielkowski, W. and Streimikien¢, D. (2016). Energy
efficiency and natural gas consumption in the context of economic
development in the European Union. Renewable and Sustainable Energy
Reviews, 55, 156-168.

Balsamo, M., Budinova, T., Erto, A., Lancia, A., Petrova, B., Petrov, N. and
Tsyntsarski, B. (2013). CO2 adsorption onto synthetic activated carbon:
Kinetic, thermodynamic and regeneration studies. Separation and purification
technology, 116, 214-221.

Bandosz, T. J. (20006). Activated carbon surfaces in environmental remediation (Vol.
7): Academic press.

Bastos-Neto, M., Torres, A. E. B., Azevedo, D. C. and Cavalcante, C. L. (2005). A
theoretical and experimental study of charge and discharge cycles in a storage
vessel for adsorbed natural gas. Adsorption, 11(2), 147-157.

Basu, S., Henshaw, P. F., Biswas, N. and Kwan, H. K. (2002). Prediction of gas-phase
adsorption isotherms using neural nets. The Canadian Journal of Chemical
Engineering, 80(4), 1-7.

Beckner, M. and Dailly, A. (2015). Adsorbed methane storage for vehicular
applications. Applied Energy, 149, 69-74.

Beckner, M. and Dailly, A. (2016). A pilot study of activated carbon and metal—
organic frameworks for methane storage. Applied Energy, 162, 506-514.

Behbahani, T. J. and Behbahani, Z. J. (2014). A new study on asphaltene adsorption
in porous media. Petroleum & Coal, 56(5), 459-466.



188

Bello, O. S. and Ahmad, M. A. (2012). Coconut (Cocos nucifera) shell based activated
carbon for the removal of malachite green dye from aqueous solutions.
Separation Science and Technology, 47(6), 903-912.

Ben-Ali, S., Jaouali, 1., Souissi-Najar, S. and Ouederni, A. (2017). Characterization
and adsorption capacity of raw pomegranate peel biosorbent for copper
removal. Journal of Cleaner Production, 142, 3809-3821.

Benturki, O. and Benturki, A. (2015). Adsorption Isotherm, Kinetic and Mechanism
Studies of Some Substituted Phenols from Aqueous Solution by Jujuba Seeds
Activated Carbon. World Academy of Science, Engineering and Technology,
International Journal of Chemical and Molecular Engineering, 2(1).

Benzaoui, T., Selatnia, A. and Djabali, D. (2018). Adsorption of copper (II) ions from
aqueous solution using bottom ash of expired drugs incineration. Adsorption
Science & Technology, 36(1-2), 114-129.

Bhaskar, J. and Singh, V. (2013). Physical and Mechanical Properties of Coconut
Shell Particle Reinforced-Epoxy Composite. J. Mater. Environ. Sci, 4(2), 227-
232.

Bilal, N., Ali, S. and Igbal, M. (2014). Application of advanced oxidations processes
for the treatments of textile effluents. Asian Journal of Chemistry, 26(7), 1882.

Biloe, S., Goetz, V. and Mauran, S. (2001). Characterization of adsorbent composite
blocks for methane storage. Carbon, 39(11), 1653-1662.

Blanco, A. A. G, Vallone, A. F., Korili, S. A, Gil, A. and Sapag, K. (2016). A
comparative study of several microporous materials to store methane by
adsorption. Microporous and Mesoporous Materials, 224, 323-331.

Byamba-Ochir, N., Shim, W. G., Balathanigaimani, M. S. and Moon, H. (2017). High
density Mongolian anthracite based porous carbon monoliths for methane
storage by adsorption. Applied Energy, 190(Supplement C), 257-265. doi:
https://doi.org/10.1016/j.apenergy.2016.12.124.

Cansado, I. P., Gongalves, F., Nabais, J., Carrott, M. R. and Carrott, P. (2009). PEEK:
An excellent precursor for activated carbon production for high temperature
application. Fuel Processing Technology, 90(2), 232-236.

Casco, M. E., Martinez-Escandell, M., Kaneko, K., Silvestre-Albero, J. and
Rodriguez-Reinoso, F. (2015). Very high methane uptake on activated carbons


https://doi.org/10.1016Zj.apenergy.2016.12.124

189

prepared from mesophase pitch: a compromise between microporosity and
bulk density. Carbon, 93, 11-21.

Chamberlain, S. S. (2004). Development of a physics of failure model and quantitative
assessment of the fire fatality risk of compressed natural gas bus cylinders.

Chang, K. and Talu, O. (1996). Behavior and performance of adsorptive natural gas
storage cylinders during discharge. Applied Thermal Engineering, 16(5), 359-
374.

Chen, Z., Hu, M., Zhu, X., Guo, D, Liu, S., Hu, Z., Xiao, B., Wang, J. and Laghari,
M. (2015). Characteristics and kinetic study on pyrolysis of five lignocellulosic
biomass via thermogravimetric analysis. Bioresource Technology, 192, 441-
450.

Chingombe, P.Saha, B. and Wakeman, R. (2005). Surface modification and
characterisation of a coal-based activated carbon. Carbon, 43(15), 3132-3143.

Chong, Z. R., Yang, S. H. B,, Babu, P, Linga, P. and Li, X.-S. (2016). Review of
natural gas hydrates as an energy resource: Prospects and challenges. Applied
Energy, 162, 1633-1652.

Dadum, H. U. (2015). Palm-polyetheretherketone Porous Carbons as Sorbents for
Gas Adsorption Applications. Universiti Teknologi Malaysia.

Danmaliki, G. I. and Saleh, T. A. (2016). Influence of conversion parameters of waste
tires to activated carbon on adsorption of dibenzothiophene from model fuels.
Journal of Cleaner Production, 117, 50-55.

Darabi Mahboub, M., J.Ahmadpour, A., Rashidi, H. and Jahanshahi, N. (2016).
Enhancement of methane storage on activated carbons in the presence of water.
Energy Sources, Part A: Recovery, Utilization, and Environmental Effects,
38(1), 75-81.

Das, S. (2014). Characterization of activated carbon of coconut shell, rice husk and
Karanja oil cake.

Daud, W. M. A. W. and Ali, W. S. W. (2004). Comparison on pore development of
activated carbon produced from palm shell and coconut shell. Bioresource
Technology, 93(1), 63-69.

Dehdashti, A. R., Khavanin, A., Rezaei, A., Assilian, H. and Soleimanian, A. (2011).

Using microwave radiation to recover granular activated carbon exposed to



190

toluene vapor. Iranian Journal of Chemistry and Chemical Engineering
(IJCCE), 30(1), 55-64.

Delavar, M., Ghoreyshi, A. A., Jahanshahi, M., Khalili, S. and Nabian, N. (2012).
Equilibria and kinetics of natural gas adsorption on multi-walled carbon
nanotube material. RSC Advances, 2(10), 4490-4497.

Delgado, J. A., Uguina, M. A, Sotelo, J. L., Ruiz, B. and Gomez, J. M. (2006). Fixed-
bed adsorption of carbon dioxide/methane mixtures on silicalite pellets.
Adsorption, 12(1), 5-18.

Demirbas, A. (2002). Fuel properties of hydrogen, liquefied petroleum gas (LPG), and
compressed natural gas (CNG) for transportation. Energy Sources, 24(7), 601-
610.

Diez-Pascual, A. M Martinez, G. and Gomez, M. A. (2009). Synthesis and
characterization of poly (ether ether ketone) derivatives obtained by carbonyl
reduction. Macromolecules, 42(18), 6885-6892.

Diggins, D. D. (1998). CNG Fuel Cylinder Storage Efficiency and Economy in Fast
Fill Operations: SAE Technical Paper.

Dil, E. A., Ghaedi, M., Ghaedi, A., Asfaram, A., Jamshidi, M. and Purkait, M. K.
(2016). Application of artificial neural network and response surface
methodology for the removal of crystal violet by zinc oxide nanorods loaded
on activate carbon: kinetics and equilibrium study. Journal of the Taiwan
Institute of Chemical Engineers, 59, 210-220.

Din, A. T. M, Hameed, B. and Ahmad, A. L. (2009). Batch adsorption of phenol onto
physiochemical-activated coconut shell. Journal of hazardous materials,
161(2), 1522-1529.

El-Sharkawy, 1. 1, Mansour, M. H, Awad, M. M. and El-Ashry, R. (2015).
Investigation of Natural Gas Storage through Activated Carbon. Journal of
Chemical & Engineering Data, 60(11), 3215-3223.

Fatemi, S., Vesali-Naseh, M., Cyrus, M. and Hashemi, J. (2011a). Improving
CO2/CH4 adsorptive selectivity of carbon nanotubes by functionalization with
nitrogen-containing groups. Chemical Engineering Research and Design,
89(9), 1669-1675.

Fatemi, S., Vesali-Naseh, M., Cyrus, M. and Hashemi, J. (2011b). Improving CO

2/CH 4 adsorptive selectivity of carbon nanotubes by functionalization with



191

nitrogen-containing groups. Chemical Engineering Research and Design,
89(9), 1669-1675.

Foo, K. and Hameed, B. (2011). Microwave-assisted preparation of oil palm fiber
activated carbon for methylene blue adsorption. Chemical engineering journal,
166(2), 792-795.

Foo, K. and Hameed, B. (2012a). Factors affecting the carbon yield and adsorption
capability of the mangosteen peel activated carbon prepared by microwave
assisted K 2 CO 3 activation. Chemical engineering journal, 180, 66-74.

Foo, K. and Hameed, B. (2012b). Potential of jackfruit peel as precursor for activated
carbon prepared by microwave induced NaOH activation. Bioresource
Technology, 112, 143-150.

Foo, K. and Hameed, B. (2012c). Preparation and characterization of activated carbon
from melon (Citrullus vulgaris) seed hull by microwave-induced NaOH
activation. Desalination and Water Treatment, 47(1-3), 130-138.

Foo, K. Y. and Hameed, B. H. (2010). Insights into the modeling of adsorption
isotherm systems. Chemical engineering journal, 156(1), 2-10.

Furuoka, F. (2016). Natural gas consumption and economic development in China and
Japan: An empirical examination of the Asian context. Renewable and
Sustainable Energy Reviews, 56, 100-115.

Gadipelli, S. and Guo, Z. X. (2015). Graphene-based materials: synthesis and gas
sorption, storage and separation. Progress in Materials Science, 69, 1-60.

Garcia, S., Pis, J., Rubiera, F. and Pevida, C. (2013). Predicting mixed-gas adsorption
equilibria on activated carbon for precombustion CO2 capture. Langmuir,
29(20), 6042-6052.

Ghaedi, A., Ghaedi, M., Vafaei, A., Iravani, N, Keshavarz, M., Rad, M., Tyagi, L,
Agarwal, S. and Gupta, V. K. (2015). Adsorption of copper (II) using modified
activated carbon prepared from Pomegranate wood: optimization by bee
algorithm and response surface methodology. Journal of Molecular Liquids,
206, 195-206.

Ghanei-Motlagh, M, Fayazi, M., Taher, M. A. and Jalalinejad, A. (2016). Application
of magnetic nanocomposite modified with a thiourea based ligand for the
preconcentration and trace detection of silver (I) ions by electrothermal atomic

absorption spectrometry. Chemical engineering journal, 290, 53-62.



192

Gillenwater, M. and Seres, S. (2011). The Clean Development Mechanism: a review
of the first international offset programme. Greenhouse Gas Measurement and
Management, 1(3-4), 179-203.

Gongalves, M., Molina-Sabio, M. and Rodriguez-Reinoso, F. (2010). Modification of
activated carbon hydrophobicity by pyrolysis of propene. Journal of Analytical
and Applied Pyrolysis, 89(1), 17-21.

Gronnow, M. J., White, R. J., Clark, J. H. and Macquarrie, D. J. (2005). Energy
efficiency in chemical reactions: a comparative study of different reaction
techniques. Organic Process Research & Development, 9(4), 516-518.

Group, B. (2014). BP statistical review of world energy June 2014. BP World Energy
Review.

Gubernak, M.Zapala, W. and Kaczmarski, K. (2003). Analysis of amylbenzene
adsorption equilibria on an RP-18e chromatographic column. Acta
Chromatographica, 38-59.

Gui, M. M., Yap, Y. X, Chai, S.-P. and Mohamed, A. R. (2013). Multi-walled carbon
nanotubes modified with (3-aminopropyl) triethoxysilane for effective carbon
dioxide adsorption. International Journal of Greenhouse Gas Control, 14, 65-
73.

Gunay, A., Arslankaya, E. and Tosun, 1. (2007). Lead removal from aqueous solution
by natural and pretreated clinoptilolite: adsorption equilibrium and kinetics.
Journal of hazardous materials, 146(1-2), 362-371.

Guo, H. and Liang, J. (2016). An optimal control model for reducing and trading of
carbon emissions. Physica A: Statistical Mechanics and its Applications, 446,
11-21.

Gupta, A. and Balomajumder, C. (2015). Simultaneous adsorption of Cr (VI) and
phenol onto tea waste biomass from binary mixture: multicomponent
adsorption, thermodynamic and kinetic study. Journal of Environmental
Chemical Engineering, 3(2), 785-796.

Guzel, F., Saygili, H., Saygili, G. A, Koyuncu, F. and Yilmaz, C. (2017). Optimal
oxidation with nitric acid of biochar derived from pyrolysis of weeds and its
application in removal of hazardous dye methylene blue from aqueous

solution. Journal of Cleaner Production, 144, 260-265.



193

Haimour, N. and Emeish, S. (2006). Utilization of date stones for production of
activated carbon using phosphoric acid. Waste Management, 26(6), 651-660.

Hameed, B., Din, A. M. and Ahmad, A. (2007). Adsorption of methylene blue onto
bamboo-based activated carbon: kinetics and equilibrium studies. Journal of
hazardous materials, 141(3), 819-825.

Hameed, B. and El-Khaiary, M. (2008). Malachite green adsorption by rattan sawdust:
Isotherm, kinetic and mechanism modeling. Journal of hazardous materials,
159(2-3), 574-579.

Hamza, U. D, Nasri, N. S., Amin, N. S., Mohammed, J. and Zain, H. M. (2016).
Characteristics of oil palm shell biochar and activated carbon prepared at
different carbonization times. Desalination and Water Treatment, 57(17),
7999-8006.

Hamza, U. D, Nasri, N. S., Amin, N. S, Zain, H. M. and Mohammed, J. (2015).
Microwave Irradiated Palm Shell-Polyetheretherketone Porous Carbons as
CO2 Sorbents: Optimization Using Response Surface Methodology (RSM).
CHEMICAL ENGINEERING Transactions, 45, 1303-1308.

Hao, H., Liu, Z., Zhao, F. and Li, W. (2016). Natural gas as vehicle fuel in China: A
review. Renewable and Sustainable Energy Reviews, 62, 521-533.

Hapazari, 1., Ntuli, V. and Parawira, W. (2011). Evaluation of single-step steam
pyrolysis-activated carbons from Lesotho agro-forestry residues. Tanzania
Journal of Science, 37(1).

He, Y.Zhou, W., Yildirim, T. and Chen, B. (2013). A series of metal-organic
frameworks with high methane uptake and an empirical equation for predicting
methane storage capacity. Energy & Environmental Science, 6(9), 2735-2744.

Hesas, R. H., Arami-Niya, A., Daud, W. M. A. W. and Sahu, J. (2013a). Comparison
of oil palm shell-based activated carbons produced by microwave and
conventional heating methods using zinc chloride activation. Journal of
Analytical and Applied Pyrolysis, 104, 176-184.

Hesas, R. H., Arami-Niya, A., Daud, W. M. A. W. and Sahu, J. (2013b). Preparation
and characterization of activated carbon from apple waste by microwave-
assisted phosphoric acid activation: application in methylene blue adsorption.

BioResources, 8(2), 2950-2966.



194

Hesas, R. H., Arami-Niya, A., Daud, W. M. A. W. and Sahu, J. (2013c¢). Preparation
of granular activated carbon from oil palm shell by microwave-induced
chemical activation: Optimisation using surface response methodology.
Chemical Engineering Research and Design, 91(12), 2447-2456.

Hesas, R. H., Daud, W. M. A. W, Sahu, J. and Arami-Niya, A. (2013d). The effects
of a microwave heating method on the production of activated carbon from
agricultural waste: a review. Journal of Analytical and Applied Pyrolysis, 100,
1-11.

Hossain, M., Ngo, H. and Guo, W. (2013). Introductory of Microsoft Excel SOLVER
function-spreadsheet method for isotherm and kinetics modelling of metals
biosorption in water and wastewater. Journal of Water Sustainability.

Idris, S. S., Rahman, N. A, Ismail, K., Alias, A. B., Rashid, Z. A. and Aris, M. J.
(2010). Investigation on thermochemical behaviour of low rank Malaysian
coal, oil palm biomass and their blends during pyrolysis via thermogravimetric
analysis (TGA). Bioresource Technology, 101(12), 4584-4592.

Ioannidou, O. and Zabaniotou, A. (2007). Agricultural residues as precursors for
activated carbon production—a review. Renewable and Sustainable Energy
Reviews, 11(9), 1966-2005.

Igbal, M., Igbal, N., Bhatti, I. A., Ahmad, N. and Zahid, M. (2016). Response surface
methodology application in optimization of cadmium adsorption by shoe
waste: a good option of waste mitigation by waste. Ecological Engineering,
88, 265-275.

Igbaldin, M. M.Khudzir, . Azlan, M. M.Zaidi, A.Surani, B. and Zubri, Z. (2013).
Properties of coconut shell activated carbon. Journal of Tropical Forest
Science, 497-503.

Islam, M. A., Tan, 1., Benhouria, A., Asif, M. and Hameed, B. (2015). Mesoporous
and adsorptive properties of palm date seed activated carbon prepared via
sequential hydrothermal carbonization and sodium hydroxide activation.
Chemical engineering journal, 270, 187-195.

Islam, M. T, Shahir, S., Uddin, T. I. and Saifullah, A. (2014). Current energy scenario
and future prospect of renewable energy in Bangladesh. Renewable and

Sustainable Energy Reviews, 39, 1074-1088.



195

Ismail, K., Ishak, M. A. M., Ab Ghani, Z., Abdullah, M. F., Safian, M. T.-u., Idris, S.
S., Tahiruddin, S., Yunus, M. F. M. and Hakimi, N. I. N. M. (2013).
Microwave-assisted pyrolysis of palm kernel shell: Optimization using
response surface methodology (RSM). Renewable energy, 55, 357-365.

Jain, A., Balasubramanian, R. and Srinivasan, M. (2015). Production of high surface
area mesoporous activated carbons from waste biomass using hydrogen
peroxide-mediated hydrothermal treatment for adsorption applications.
Chemical engineering journal, 273, 622-629.

Jain, A. and Tripathi, S. (2014). Fabrication and characterization of energy storing
supercapacitor devices using coconut shell based activated charcoal electrode.
Materials Science and Engineering: B, 183, 54-60.

Ji, Y, Li, T, Zhu, L., Wang, X. and Lin, Q. (2007). Preparation of activated carbons
by microwave heating KOH activation. Applied surface science, 254(2), 506-
512.

Jibril, M. (2015). Preparation and Surface Modification of Activated Carbon from
Coconut Shells for Benzene and Toluene Adsorption from Water. Universiti
Teknologi Malaysia.

Jin, W.Li, Y.Gao, Z.Yin, X. and Ma, X. (2018). Reliability analysis of integral hot
deep drawing and cold flow forming process for large-diameter seamless steel
gas cylinders. The International Journal of Advanced Manufacturing
Technology, 1-9.

Jin, X.-J. and Zhu, Y. M. (2014). Absorption of phenol on nitrogen-enriched activated
carbon from wood fiberboard waste with chemical activation by potassium
carbonate. Journal of Chemical Engineering & Process Technology, 5(4), 1.

Jixian, G., Tiefeng, W, Qing, S., Nawaz, Z., Qian, W., Dezheng, W. and Jinfu, W.
(2010). An adsorption kinetic model for sulfur dioxide adsorption by ZL50
activated carbon. Chinese Journal of Chemical Engineering, 18(2), 223-230.

Kaouah, F., Boumaza, S., Berrama, T., Trari, M. and Bendjama, Z. (2013). Preparation
and characterization of activated carbon from wild olive cores (oleaster) by
H3PO4 for the removal of Basic Red 46. Journal of Cleaner Production, 54,
296-306.



196

Kemp, K. C,, Baek, S. B., Lee, W.-G., Meyyappan, M. and Kim, K. S. (2015).
Activated carbon derived from waste coffee grounds for stable methane
storage. Nanotechnology, 26(38), 385602.

Kennedy, D. and Tezel, F. (2017). Cation exchange modification of clinoptilolite—
screening analysis for potential equilibrium and kinetic adsorption separations
involving methane, nitrogen, and carbon dioxide. Microporous and
Mesoporous Materials.

Kennedy, D. and Tezel, F. (2018). Cation exchange modification of clinoptilolite—
Screening analysis for potential equilibrium and kinetic adsorption separations
involving methane, nitrogen, and carbon dioxide. Microporous and
Mesoporous Materials, 262, 235-250.

Khan, M. I, Yasmin, T. and Shakoor, A. (2015a). International experience with
compressed natural gas (CNG) as environmental friendly fuel. Energy Systems,
6(4), 507-531.

Khan, M. I, Yasmin, T. and Shakoor, A. (2015b). Technical overview of compressed
natural gas (CNG) as a transportation fuel. Renewable and Sustainable Energy
Reviews, 51, 785-797.

Kibwami, N. and Tutesigensi, A. (2016). Integrating clean development mechanism
into the development approval process of buildings: A case of urban housing
in Uganda. Habitat International, 53, 331-341.

Kumar, K. V., Preuss, K., Titirici, M.-M. and Rodriguez-Reinoso, F. (2017).
Nanoporous Materials for the Onboard Storage of Natural Gas. Chemical
reviews, 117(3), 1796-1825.

Kumar, P. S., Ramalingam, S., Senthamarai, C., Niranjanaa, M., Vijayalakshmi, P. and
Sivanesan, S. (2010). Adsorption of dye from aqueous solution by cashew nut
shell: Studies on equilibrium isotherm, kinetics and thermodynamics of
interactions. Desalination, 261(1-2), 52-60.

Labus, K., Gryglewicz, S. and Machnikowski, J. (2014). Granular KOH-activated
carbons from coal-based cokes and their CO 2 adsorption capacity. Fuel, 118,
9-15.

Langmuir, 1. (1916). The constitution and fundamental properties of solids and liquids.

Part I. Solids. Journal of the American chemical society, 38(11), 2221-2295.



197

Lee, J.-W,, Kang, H.-C., Shim, W.-G., Kim, C. and Moon, H. (2006). Methane
adsorption on multi-walled carbon nanotube at (303.15, 313.15, and 323.15)
K. Journal of Chemical & Engineering Data, 51(3), 963-967.

Lee, T., Ooi, C.-H., Othman, R. and Yeoh, F.-Y. (2014). Activated carbon fiber-The
hybrid of carbon fiber and activated carbon. Rev. Adv. Mater. Sci, 36(2), 118-
136.

Li, L., Liu, S. and Liu, J. (2011). Surface modification of coconut shell based activated
carbon for the improvement of hydrophobic VOC removal. Journal of
hazardous materials, 192(2), 683-690.

Li, W., Peng, J., Zhang, L., Yang, K., Xia, H., Zhang, S. and Guo, S.-h. (2009).
Preparation of activated carbon from coconut shell chars in pilot-scale
microwave heating equipment at 60 kW. Waste Management, 29(2), 756-760.

Li, W., Yang, K., Peng, J., Zhang, L., Guo, S. and Xia, H. (2008). Effects of
carbonization temperatures on characteristics of porosity in coconut shell chars
and activated carbons derived from carbonized coconut shell chars. Industrial
Crops and Products, 28(2), 190-198.

Lim, W. C., Srinivasakannan, C. and Al Shoaibi, A. (2015). Cleaner production of
porous carbon from palm shells through recovery and reuse of phosphoric acid.
Journal of Cleaner Production, 102, 501-511.

Liu, B., Wang, W. and Wang, N. (2014). Preparation of activated carbon with high
surface area for high-capacity methane storage. Journal of Energy Chemistry,
23(5), 662-668.

Lim, H-J. and Yoo, S.-H. (2012). Natural gas consumption and economic growth in
Korea: a causality analysis. Energy Sources, Part B: Economics, Planning, and
Policy, 7(2), 169-176.

Liu, Q.-S., Zheng, T., Li, N, Wang, P. and Abulikemu, G. (2010). Modification of
bamboo-based activated carbon using microwave radiation and its effects on
the adsorption of methylene blue. Applied surface science, 256(10), 3309-
3315.

Liu, Z., Feng, Z., Zhang, Q., Zhao, D. and Guo, H. (2015). Heat and deformation
effects of coal during adsorption and desorption of carbon dioxide. Journal of

Natural Gas Science and Engineering, 25, 242-252.



198

Liyanage, C. D. and Pieris, M. (2015). A physico-chemical analysis of coconut shell
powder. Procedia Chemistry, 16, 222-228.

Loganathan, S., Tikmani, M., Edubilli, S., Mishra, A. and Ghoshal, A. K. (2014). CO
2 adsorption kinetics on mesoporous silica under wide range of pressure and
temperature. Chemical engineering journal, 256, 1-8.

Lozano-Castello, D., Alcaniz-Monge, J., De la Casa-Lillo, M., Cazorla-Amoros, D.
and Linares-Solano, A. (2002). Advances in the study of methane storage in
porous carbonaceous materials. Fuel, §1(14), 1777-1803.

Luo, J,, Liu, Y, Jiang, C., Chu, W, Jie, W. and Xie, H. (2011). Experimental and
modeling study of methane adsorption on activated carbon derived from
anthracite. Journal of Chemical & Engineering Data, 56(12), 4919-4926.

Lv, Y., Zhang, F., Dou, Y., Zhai, Y., Wang, J, Liu, H., Xia, Y., Tu, B. and Zhao, D.
(2012). A comprehensive study on KOH activation of ordered mesoporous
carbons and their supercapacitor application. Journal of Materials Chemistry,
22(1), 93-99.

Ma, S. and Zhou, H.-C. (2010). Gas storage in porous metal—organic frameworks for
clean energy applications. Chemical communications, 46(1), 44-53.

MacDonald, J. and Quinn, D. (1998). Carbon absorbents for natural gas storage. Fuel,
77(1-2), 61-64.

Mahaninia, M. H., Rahimian, P. and Kaghazchi, T. (2015). Modified activated
carbons with amino groups and their copper adsorption properties in aqueous
solution. Chinese Journal of Chemical Engineering, 23(1), 50-56.

Manzoor, Q., Nadeem, R., Igbal, M., Saeed, R. and Ansari, T. M. (2013). Organic
acids pretreatment effect on Rosa bourbonia phyto-biomass for removal of Pb
(II) and Cu (II) from aqueous media. Bioresource Technology, 132, 446-452.

Martins, R. G, Sales, D. C., Lima Filho, N. M. and Abreu, C. A. (2015). Development
of a system of natural gas storage governed by simultaneous processes of
adsorption—desorption. Adsorption, 21(6-7), 523-531.

Masek, O., Budarin, V., Gronnow, M., Crombie, K., Brownsort, P., Fitzpatrick, E. and
Hurst, P. (2013). Microwave and slow pyrolysis biochar—Comparison of
physical and functional properties. Journal of Analytical and Applied
Pyrolysis, 100, 41-48.



199

Mason, J. A., Veenstra, M. and Long, J. R. (2014). Evaluating metal-organic
frameworks for natural gas storage. Chemical Science, 5(1), 32-51.

Matranga, K. R., Myers, A. L. and Glandt, E. D. (1992). Storage of natural gas by
adsorption on activated carbon. Chemical engineering science, 47(7), 1569-
1579.

McNicholas, T. P., Wang, A., O’Neill, K., Anderson, R. J., Stadie, N. P,
Kleinhammes, A., Parilla, P., Simpson, L., Ahn, C. C. and Wang, Y. (2010).
H2 storage in microporous carbons from PEEK precursors. The Journal of
Physical Chemistry C, 114(32), 13902-13908.

Menendez-Diaz, J. and Martin-Gullon, L. (2006). Types of carbon adsorbents and their
production Interface science and technology (Vol. 7, pp. 1-47): Elsevier.

Menon, V. and Komarneni, S. (1998). Porous adsorbents for vehicular natural gas
storage: a review. Journal of Porous Materials, 5(1), 43-58.

Mestre, A. S., Pires, R. A., Aroso, 1., Fernandes, E. M., Pinto, M. L., Reis, R. L.,
Andrade, M. A Pires, J, Silva, S. P. and Carvalho, A. P. (2014). Activated
carbons prepared from industrial pre-treated cork: Sustainable adsorbents for
pharmaceutical compounds removal. Chemical engineering journal, 253, 408-
417.

Miyazaki, T., Matsunami, C. and Shirosaki, Y. (2017). Bioactive carbon—PEEK
composites prepared by chemical surface treatment. Materials Science and
Engineering: C, 70, 71-75.

Mohammed, J., Nasri, N. S.A., Zaini, M. A., Hamza, U. D, Zain, H. M. and Ani, F.
N. (2016). Optimization of microwave irradiated-coconut shell activated
carbon using response surface methodology for adsorption of benzene and
toluene. Desalination and Water Treatment, 57(17), 7881-7897.

Mohammed, J., Nasri, N. S., Zaini, M. A. A., Dadum, U. H. and Ahmed, M. M.
(2014). Comparison on the characteristics of bio-based porous carbons by
physical and novel chemical activation. Paper presented at the Applied
Mechanics and Materials.

Mohammed, J., Nasri, N. S., Zaini, M. A. A, Hamza, U. D. and Ani, F. N. (2015).
Adsorption of benzene and toluene onto KOH activated coconut shell based
carbon treated with NH 3. Infernational Biodeterioration & Biodegradation,

102, 245-255.



200

Mohammed, M. H., Banks, W. M., Hayward, D., Liggat, J. J., Pethrick, R. A. and
Thomson, B. (2013). Physical properties of poly (ether ether ketone) exposed
to simulated severe oilfield service conditions. Polymer Degradation and
Stability, 98(6), 1264-1270.

Monemtabary, S., Niasar, M. S., Jahanshahi, M. and Ghoreyshi, A. A. (2012).
Equilibrium and thermodynamic studies of methane adsorption on multi-
walled carbon nanotube. system, 2, 4.

Mota, J. P. (1999). Impact of gas composition on natural gas storage by adsorption.
AIChE Journal, 45(5), 986-996.

Mubarak, N., Kundu, A., Sahu, J., Abdullah, E. and Jayakumar, N. (2014). Synthesis
of palm oil empty fruit bunch magnetic pyrolytic char impregnating with FeCl
3 by microwave heating technique. Biomass and Bioenergy, 61, 265-275.

Muthu, R. N, Rajashabala, S. and Kannan, R. (2015). Synthesis and characterization
of polymer (sulfonated poly-ether-ether-ketone) based nanocomposite (h-
boron nitride) membrane for hydrogen storage. infernational journal of
hydrogen energy, 40(4), 1836-1845.

Mpyllari, V., Ruoko, T.-P. and Jarveld, P. (2014). The effects of UV irradiation to
polyetheretherketone fibres—Characterization by different techniques. Polymer
Degradation and Stability, 109, 278-284.

Mpyllari, V., Skrifvars, M., Syrjala, S. and Jarveld, P. (2012). The effect of melt
spinning process parameters on the spinnability of polyetheretherketone.
Journal of Applied Polymer Science, 126(5), 1564-1571.

Nabais, J. M. V, Laginhas, C. E. C., Carrott, P. and Carrott, M. R. (2011). Production
of activated carbons from almond shell. Fuel Processing Technology, 92(2),
234-240.

Nagy, B., Manzatu, C., Maicaneanu, A, Indolean, C., Barbu-Tudoran, L. and Majdik,
C. (2017). Linear and nonlinear regression analysis for heavy metals removal
using Agaricus bisporus macrofungus. Arabian Journal of Chemistry, 10,
S3569-S3579.

Najibi, H., Chapoy, A. and Tohidi, B. (2008). Methane/natural gas storage and
delivered capacity for activated carbons in dry and wet conditions. Fuel, 87(1),

7-13.



201

Nasri, N. S., Hamza, U. D., Ismail, S. N., Ahmed, M. M. and Mohsin, R. (2014).
Assessment of porous carbons derived from sustainable palm solid waste for
carbon dioxide capture. Journal of Cleaner Production, 71, 148-157.

Nasri, N. S., Noorshaheeda, R., Hamza, U. D., Mohammed, J., Ahmed, M. M. and
Mohd Zain, H. (2015). Enhancing Sustainable Recycle Solid Waste to Porous
Activated Carbon for Methane Uptake. Paper presented at the Applied
Mechanics and Materials.

Ncibi, M., Jeanne-Rose, V., Mahjoub, B., Jean-Marius, C., Lambert, J., Ehrhardt, J.,
Bercion, Y., Seffen, M. and  Gaspard, S. (2009). Preparation and
characterisation of raw chars and physically activated carbons derived from
marine Posidonia oceanica (L.) fibres. Journal of hazardous materials, 165(1),
240-249.

Ng, E.-P. and Mintova, S. (2008). Nanoporous materials with enhanced hydrophilicity
and high water sorption capacity. Microporous and Mesoporous Materials,
114(1-3), 1-26.

Niasar, H. S., Li, HKasanneni, T. V. R, Ray, M. B. and Xu, C. C. (2016). Surface
amination of activated carbon and petroleum coke for the removal of
naphthenic acids and treatment of oil sands process-affected water (OSPW).
Chemical engineering journal, 293, 189-199.

Njoku, V., Islam, M. A., Asif, M. and Hameed, B. (2014). Utilization of sky fruit husk
agricultural waste to produce high quality activated carbon for the herbicide
bentazon adsorption. Chemical engineering journal, 251, 183-191.

Nor, N.M,, Lau, L. C, Lee, K. T. and Mohamed, A. R. (2013). Synthesis of activated
carbon from lignocellulosic biomass and its applications in air pollution
control—a review. Journal of Environmental Chemical Engineering, 1(4),
658-666.

Nsaful, F., Collard, F.-X., Carrier, M., Gorgens, J. F. and Knoetze, J. H. (2015).
Lignocellulose pyrolysis with condensable volatiles quantification by
thermogravimetric analysis—Thermal desorption/gas chromatography—mass
spectrometry method. Journal of Analytical and Applied Pyrolysis, 116, 86-95.

Osgouei, R. E. and Sorgun, M. (2012). A critical evaluation of Iranian natural gas
resources. Energy Sources, Part B: Economics, Planning, and Policy, 7(2),

113-120.



202

Ozdemir, E., Schroeder, K. and Morsi, B. 1. (2002). Effect of swelling on the
adsorption isotherm of carbon dioxide on coal. Fuel Chemistry Division
Preprints, 47(1), 12-13.

Ozdemir, I, Sahin, M., Orhan, R. and Erdem, M. (2014). Preparation and
characterization of activated carbon from grape stalk by zinc chloride
activation. Fuel Processing Technology, 125, 200-206.

Policicchio, A., Maccallini, E., Agostino, R. G, Ciuchi, F., Aloise, A. and Giordano,
G. (2013). Higher methane storage at low pressure and room temperature in
new easily scalable large-scale production activated carbon for static and
vehicular applications. Fuel, 104, 813-821.

Pourmahdi, Z. and Maghsoudi, H. (2017). Adsorption isotherms of carbon dioxide
and methane on CHA-type zeolite synthesized in fluoride medium. Adsorption,
1-9.

Prauchner, M. J. and Rodriguez-Reinoso, F. (2012). Chemical versus physical
activation of coconut shell: A comparative study. Microporous and
Mesoporous Materials, 152, 163-171.

Punsuwan, N., Tangsathitkulchai, C. and Takarada, T. (2015). Low Temperature
Gasification of Coconut Shell with CO2 and KOH: Effects of Temperature,
Chemical Loading, and Introduced Carbonization Step on the Properties of
Syngas and Porous Carbon Product. International Journal of Chemical
Engineering, 2015.

Qin, Y., Wang, Y, Yang, X, Liu, W. and Luo, W. (2012). Experimental study on
dynamic gas adsorption. International Journal of Mining Science and
Technology, 22(6), 763-767.

Rae, P., Brown, E. and Orler, E. (2007). The mechanical properties of poly (ether-
ether-ketone)(PEEK) with emphasis on the large compressive strain response.
Polymer, 48(2), 598-615.

Ramachandra, T., Aithal, B. H. and Sreejith, K. (2015). GHG footprint of major cities
in India. Renewable and Sustainable Energy Reviews, 44, 473-495.

Rashidi, N. A, Yusup, S. and Lam, H. L. (2013). Kinetic studies on carbon dioxide
capture using activated carbon.

Rasoolzadeh, M., Fatemi, S., Gholamhosseini, M. and Moosaviyan, M. A. (2008).

Study of methane storage and adsorption equilibria in multi-walled carbon



203

nanotubes. Iranian Journal of Chemistry and Chemical Engineering (IJCCE),
27(3), 127-134.

Rey, A., Hungria, A., Duran-Valle, C., Faraldos, M., Bahamonde, A., Casas, J. and
Rodriguez, J. (2016). On the optimization of activated carbon-supported iron
catalysts in catalytic wet peroxide oxidation process. Applied Catalysis B:
Environmental, 181, 249-259.

Ridha, F. N, Yunus, R. M, Rashid, M. and Ismail, A. F. (2007). Dynamic delivery
analysis of adsorptive natural gas storages at room temperature. Fuel
Processing Technology, 88(4), 349-357.

Ringot, D., Lerzy, B., Chaplain, K., Bonhoure, J.-P., Auclair, E. and Larondelle, Y.
(2007). In vitro biosorption of ochratoxin A on the yeast industry by-products:
Comparison of isotherm models. Bioresource Technology, 98(9), 1812-1821.

Rios, R. B., Bastos-Neto, M., Amora Jr, M. R, Torres, A. E. B., Azevedo, D. C. and
Cavalcante Jr, C. L. (2011). Experimental analysis of the efficiency on
charge/discharge cycles in natural gas storage by adsorption. Fuel, 90(1), 113-
119.

Ripple, W. J., Smith, P., Haberl, H., Montzka, S. A., McAlpine, C. and Boucher, D.
H. (2013). Ruminants, climate change and climate policy. Nature Climate
Change, 4(1), 2.

Rizhikovs, J., Zandersons, J., Spince, B., Dobele, G. and Jakab, E. (2012). Preparation
of granular activated carbon from hydrothermally treated and pelletized
deciduous wood. Journal of Analytical and Applied Pyrolysis, 93, 68-76.

Rout, T., Pradhan, D., Singh, R. and Kumari, N. (2016). Exhaustive study of products
obtained from coconut shell pyrolysis. Journal of Environmental Chemical
Engineering, 4(3), 3696-3705.

Saadi, R., Saadi, Z., Fazaeli, R. and Fard, N. E. (2015). Monolayer and multilayer
adsorption isotherm models for sorption from aqueous media. Korean Journal
of Chemical Engineering, 32(5), 787-799.

Sahoo, S. and Ramgopal, M. (2016). Experimental studies on an indigenous coconut
shell based activated carbon suitable for natural gas storage. Sadhand, 41(4),

459-468.



204

Saleh, T. A. and Gupta, V. K. (2014). Processing methods, characteristics and
adsorption behavior of tire derived carbons: a review. Advances in colloid and
interface science, 211, 93-101.

Salehi, E., Taghikhani, V., Ghotbi, C., Lay, E. N. and Shojaei, A. (2007). Theoretical
and experimental study on the adsorption and desorption of methane by
granular activated carbon at 25 C. Journal of natural gas chemistry, 16(4), 415-
422,

San Cristobal, A.Castello, R.Luengo, M. M. and Vizcayno, C. (2010). Zeolites
prepared from calcined and mechanically modified kaolins: a comparative
study. Applied Clay Science, 49(3), 239-246.

Shafeeyan, M. S., Daud, W. M. A. W, Houshmand, A. and Arami-Niya, A. (2012).
The application of response surface methodology to optimize the amination of
activated carbon for the preparation of carbon dioxide adsorbents. Fuel, 94,
465-472.

Shafeeyan, M. S., Daud, W. M. A. W, Shamiri, A. and Aghamohammadi, N. (2015).
Modeling of carbon dioxide adsorption onto ammonia-modified activated
carbon: kinetic analysis and breakthrough behavior. Energy & Fuels, 29(10),
6565-6577.

Shahbaz, M.Lean, H. H. and Farooq, A. (2013). Natural gas consumption and
economic growth in Pakistan. Renewable and Sustainable Energy Reviews, 18,
87-94.

Shahbeig, H., Bagheri, N., Ghorbanian, S. A., Hallajisani, A. and Poorkarimi, S.
(2013). A new adsorption isotherm model of aqueous solutions on granular
activated carbon. World J. Model. Simul, 9, 243-254.

Sharifpour, E., Khafri, H. Z., Ghaedi, M., Asfaram, A. and Jannesar, R. (2018).
Isotherms and kinetic study of ultrasound-assisted adsorption of malachite
green and Pb2+ ions from aqueous samples by copper sulfide nanorods loaded
on activated carbon: Experimental design optimization. Ultrasonics
sonochemistry, 40, 373-382.

Sieminski, A. (2014). International energy outlook. FEnergy information

administration (EIA), 18.



205

Siriwardane, R. V., Shen, M.-S., Fisher, E. P. and Poston, J. A. (2001). Adsorption of
CO2 on molecular sieves and activated carbon. Energy & Fuels, 15(2), 279-
284.

Srenscek-Nazzal, J., Kaminska, W., Michalkiewicz, B. and Koren, Z. C. (2013).
Production, characterization and methane storage potential of KOH-activated
carbon from sugarcane molasses. Industrial Crops and Products, 47, 153-159.

Stavropoulos, G., Samaras, P. and Sakellaropoulos, G. (2008). Effect of activated
carbons modification on porosity, surface structure and phenol adsorption.
Journal of hazardous materials, 151(2), 414-421.

Subramaniam, R. and Ponnusamy, S. K. (2015). Novel adsorbent from agricultural
waste (cashew NUT shell) for methylene blue dye removal: Optimization by
response surface methodology. Water Resources and Industry, 11, 64-70.

Sun, Y., Liu, C., Su, W., Zhou, Y. and Zhou, L. (2009). Principles of methane
adsorption and natural gas storage. Adsorption, 15(2), 133-137.

Tan, 1., Ahmad, A. and Hameed, B. (2008). Enhancement of basic dye adsorption
uptake from aqueous solutions using chemically modified oil palm shell
activated carbon. Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 318(1), 88-96.

Terry, G. P. (2002). Storage Capacity and Delivery Performance of Commercial
Adsorbents for Adsorbed Methane Storage. Universiti Teknologi Malaysia.

Tongpoothorn, W., Sriuttha, M., Homchan, P., Chanthai, S. and Ruangviriyachai, C.
(2011). Preparation of activated carbon derived from Jatropha curcas fruit shell
by simple thermo-chemical activation and characterization of their physico-
chemical properties. Chemical Engineering Research and Design, 89(3), 335-
340.

Torregrosa, A., Broatch, A., Garcia, A. and Mbonico, L. (2013). Sensitivity of
combustion noise and NO x and soot emissions to pilot injection in PCCI
Diesel engines. Applied Energy, 104, 149-157.

Tran, H. N. (2017). Comments on “Characterization and adsorption capacity of raw
pomegranate peel biosorbent for copper removal”. Journal of Cleaner
Production, 144, 553-558.

Travis, C. and Etnier, E. L. (1981). A survey of sorption relationships for reactive

solutes in soil. Journal of Environmental Quality, 10(1), 8-17.



206

Trudgeon, M. (2005). An overview of NGV cylinder safety standards, production and
in-service requirements. Associa¢do Portuguesa do Veiculo a Gas Natural.

Tseng, R.-L. and Tseng, S.-K. (2005). Pore structure and adsorption performance of
the KOH-activated carbons prepared from corncob. Journal of Colloid and
interface Science, 287(2), 428-437.

Tutak, W., Lukacs, K., Szwaja, S. and Bereczky, A. (2015). Alcohol—diesel fuel
combustion in the compression ignition engine. Fuel, 154, 196-206.

Usman, H. D., Nasri, N. S., Adilah, A. K., Murtala, A. M. and Muhammad, J. (2012).
Modification of Activated Carbon for Enhancement of Gas Contaminant
Removal: A Review.

Vargas, D. P., Giraldo, L. and Moreno-Pirajan, J. (2013). Carbon dioxide and methane
adsorption at high pressure on activated carbon materials. Adsorption, 19(6),
1075-1082.

Vargas, D. P., Giraldo, L. and Moreno-Pirajan, J. C. (2012). CO; adsorption on
activated carbon honeycomb-monoliths: A comparison of Langmuir and Toth
models. International journal of molecular sciences, 13(7), 8388-8397.

Vijayaraghavan, K., Padmesh, T., Palanivelu, K. and Velan, M. (2006). Biosorption
of nickel (II) ions onto Sargassum wightii: application of two-parameter and
three-parameter isotherm models. Journal of hazardous materials, 133(1),
304-308.

Viswanathan, B., Neel, P. I. and Varadarajan, T. (2009). Methods of activation and
specific applications of carbon materials. India, Chennai.

Wang, H,, Yuan, X., Zeng, G., Leng, L., Peng, X., Liao, K., Peng, L. and Xiao, Z.
(2014). Removal of malachite green dye from wastewater by different organic
acid-modified natural adsorbent: kinetics, equilibriums, mechanisms, practical
application, and disposal of dye-loaded adsorbent. Environmental Science and
Pollution Research, 21(19), 11552-11564.

Wang, J., Jiang, H., Zhou, Q., Wu, J. and Qin, S. (2016). China’s natural gas
production and consumption analysis based on the multicycle Hubbert model
and rolling Grey model. Renewable and Sustainable Energy Reviews, 53,
1149-1167.

Wang, L., Schnepp, Z. and Titirici, M. M. (2013). Rice husk-derived carbon anodes
for lithium ion batteries. Journal of Materials Chemistry A, 1(17), 5269-5273.



207

Wang, T. and Lin, B. (2014). China's natural gas consumption and subsidies—From
a sector perspective. Energy Policy, 65, 541-551.

Wang, T. and Lin, B. (2017). China's natural gas consumption peak and factors
analysis: a regional perspective. Journal of Cleaner Production, 142, 548-564.

Wang, X, Yao, R., Bai, Z. and Ma, H. (2017). The active sites and mechanism of NO
oxidation on modified activated carbon. Reaction Kinetics, Mechanisms and
Catalysis, 120(1), 209-217.

Wang, Y., Hashim, M., Ercan, C., Khawajah, A. and Othman, R. (2011). High
pressure methane adsorption on granular activated carbons. Paper presented
at the 21st Annual Saudi-Japan Symposium Catalysts in Petroleum Refining &
Petrochemicals Dhahran, Saudi Arabia.

Wegrzyn, J. and Gurevich, M. (1996). Adsorbent storage of natural gas. Applied
Energy, 55(2), 71-83.

Wegrzyn, J., Wiesmann, H. and Lee, T. (1992). Low pressure storage of natural gas
on activated carbon: Brookhaven National Lab., Upton, NY (United States).

Wei, L. and Geng, P. (2016). A review on natural gas/diesel dual fuel combustion,
emissions and performance. Fuel Processing Technology, 142, 264-278.

Wei, L., Yao, C., Wang, Q., Pan, W. and Han, G. (2015). Combustion and emission
characteristics of a turbocharged diesel engine using high premixed ratio of
methanol and diesel fuel. Fuel, 140, 156-163.

Wu, Y., Tang, D., Verploegh, R. J., Xi, H. and Sholl, D. S. (2017). Impacts of Gas
Impurities from Pipeline Natural Gas on Methane Storage in Metal-Organic
Frameworks during Long-Term Cycling. The Journal of Physical Chemistry
C, 121(29), 15735-15745.

Xing, W., Song, Y., Zhang, Y., Liu, W, Jiang, L., Li, Y. and Zhao, Y. (2015).
Adsorption isotherms and kinetic characteristics of methane on block
anthracite over a wide pressure range. Journal of Energy Chemistry, 24(2),
245-256.

Yagmur, E., Ozmak, M. and Aktas, Z. (2008a). A novel method for production of
activated carbon from waste tea by chemical activation with microwave

energy. Fuel, 87(15), 3278-3285.



208

Yagmur, E., Ozmak, M. and Aktas, Z. (2008b). A novel method for production of
activated carbon from waste tea by chemical activation with microwave
energy. Fuel, 87(15-16), 3278-3285.

YAGSI, N. U. (2004). Production and Characterization of Activated Carbon from
Apricot Stones. MIDDLE EAST TECHNICAL UNIVERSITY.

Yang, B., Wei, X, Xi, C, Liu, Y., Zeng, K. and Lai, M.-C. (2014a). Experimental
study of the effects of natural gas injection timing on the combustion
performance and emissions of a turbocharged common rail dual-fuel engine.
Energy Conversion and Management, 87, 297-304.

Yang, B., Xi, C., Wei, X, Zeng, K. and Lai, M.-C. (2015). Parametric investigation
of natural gas port injection and diesel pilot injection on the combustion and
emissions of a turbocharged common rail dual-fuel engine at low load. Applied
Energy, 143, 130-137.

Yang, B., Yao, M., Cheng, W. K., Zheng, Z. and Yue, L. (2014b). Regulated and
unregulated emissions from a compression ignition engine under low
temperature combustion fuelled with gasoline and n-butanol/gasoline blends.
Fuel, 120, 163-170.

Yang, K., Peng, J., Srinivasakannan, C., Zhang, L., Xia, H. and Duan, X. (2010).
Preparation of high surface area activated carbon from coconut shells using
microwave heating. Bioresource Technology, 101(15), 6163-6169.

Yang, L., Ge, X, Wan, C, Yu, F. and Li, Y. (2014c). Progress and perspectives in
converting biogas to transportation fuels. Renewable and Sustainable Energy
Reviews, 40, 1133-1152.

Yang, X., Zheng, Q., Gu, A. and Lu, X (2005). Experimental studies of the
performance of adsorbed natural gas storage system during discharge. Applied
Thermal Engineering, 25(4), 591-601.

Yin, C. Y., Aroua, M. K. and Daud, W. M. A. W. (2007). Review of modifications of
activated carbon for enhancing contaminant uptakes from aqueous solutions.
Separation and purification technology, 52(3), 403-415.

Youssef, A., Dawy, M., Akland, M. and Abou-Elanwar, A. (2013). EDTA Versus
Nitric Acid Modified Activated Carbon For Adsorption Studies of Lead (II)

From Aqueous Solutions. Journal of Applied Sciences Research, 9, 16.



209

Yuen, F. K. and Hameed, B. (2009). Recent developments in the preparation and
regeneration of activated carbons by microwaves. Advances in colloid and
interface science, 149(1), 19-27.

Zaini, M. A. A. (2010). Heavy Metal Removal from Aqueous Solution using Activated
Carbons Rich in Nitrogen Content. Chiba University.

Zalosh, R. (2008). CNG and hydrogen vehicle fuel tank failure incidents, testing, and
preventive measures. Paper presented at the Proceedings of the Affichee Spring

National Meeting, New Orleans, USA.

Zhang, H., Deria, P., Fartha, O. K., Hupp, J. T. and Snurr, R. Q. (2015). A
thermodynamic tank model for studying the effect of higher hydrocarbons on
natural gas storage in metal-organic frameworks. Energy & Environmental
Science, 8(5), 1501-1510.

Zhang, Q., Chen, G., Zheng, Z., Liu, H.,, Xu, J. and Yao, M. (2013). Combustion and
emissions of 2, 5-dimethylfuran addition on a diesel engine with low
temperature combustion. Fuel, 103, 730-735.

Zhang, T., Walawender, W. P. and Fan, L. (2010). Grain-based activated carbons for
natural gas storage. Bioresource Technology, 101(6), 1983-1991.

Zheng, Q., Zhu, Z., Feng, Y. and Wang, X. (2016). Development of composite
adsorbents and storage vessels for domestically used adsorbed natural gas.
Applied Thermal Engineering, 98, 778-785.

Zhi, Y. and Liu, J. (2015). Adsorption of perfluoroalkyl acids by carbonaceous
adsorbents: Effect of carbon surface chemistry. Environmental Pollution, 202,
168-176.

Zhi, Y. and Liu, J. (2016). Surface modification of activated carbon for enhanced
adsorption of perfluoroalkyl acids from aqueous solutions. Chemosphere, 144,
1224-1232.

Zhong, Z.-Y., Yang, Q., Li, X-M,, Luo, K., Liu, Y. and Zeng, G.-M. (2012).
Preparation of peanut hull-based activated carbon by microwave-induced
phosphoric acid activation and its application in Remazol Brilliant Blue R
adsorption. Industrial Crops and Products, 37(1), 178-185.

Zhou, D., Feng, Z.-c., Zhao, D., WANG, L. and WANG, X.-l. (2015). Study on
mesoscopic characteristics of methane adsorption by coal. Journal of China

Coal Society, 1, 016.



210

Zhou, D., Feng, Z.-c., Zhao, D., Zhao, Y .-s. and Cai, T.-t. (2017). Experimental study
of meso-structural deformation of coal during methane adsorption-desorption

cycles. Journal of Natural Gas Science and Engineering, 42, 243-251.





