CHAPTER 1

1.1 Background of Study
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INTRODUCTION .\
Y

The elevation in global energy consumption is caused advancement of
technology and the increase in the population. These@ve mlide the human
population too dependent on fossil fuel, which is limited 1 res uerat%in

’] N
price, and has a severe environmental impact. egative enviréfime ta-ﬁfi,%pact
4 X
should not be tolerated by reducing or ewmn \eliQ on @ﬁil fuels.
Furthermore, an effort must be done by impro the effici of t@rent process
and focusing on the usage of renewab% sc{ces sueh as V\@ hydro, biomass
energy, geothermal, solar therma Wdro J ( l@v bahri, et al., 2021).
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energy, has nc“rexs’&jue to its higher energy
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such as transp M an S'[‘OI’I y@roaeg}n designated materials arises (Kayfeci &
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aé-a few issues that must be addressed

Kecebas, 1). \(J

han & Ci
w metho ave beqé\developed to store hydrogen, especially via

N
so@uch as zeolites, mé'a\ organic frameworks (MOF), and carbon-based

lals. Most of them have low densities and require additives for heat conductivity

Oimisation due to the limitation of the density levels of hydrogen to be stored, which

need to be greater than 40 - 50 kg/m® and it is not easy to achieve that using available

adsorbents except carbon-based materials. Carbon aerogel (CA) is an example of a



carbon-based material that appears to have promising hydrogen storage properties due
to its high specific area and porous structure (Yu et al., 2017). CA, in gener

unique properties such as superlight density, very high specific area, @tric
conductivity, which make it a good candidate for composite reinfofc;gnt when
compared to other aerogels. Aerogels can be synthesised usually by the'sol-gel process.
The chemical reaction parameter and processing steps need to he Wised to control
their composition and nano structuration. Then, a dry por bx:f erogels can be

synthesised in monolithic form or granules. The micr ctur oWrogels S
®
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formed by a solid continuous network of primary a condary ¢ |th @ cles

sw y th%mmation

Iw\mer ins or@c:molecules
(Montes & Maleki, 2020). \L) 6‘*

Conventionally, CA can t(%wthesiseﬂ;se qgg}misation of organic
aerogels such as cresol/formald%%ro . Thi methg:?\expensive, uses a toxic
carbon precursor, and invol %mpl S thesi&@bcess. Thus, it becomes less
suitable for mass prod% dco [e %
research have been ormed ?
biocompatible, @ i
precursor to %sis A.‘F
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cellulosg”extraeted from_| f spon@ and Wang et al. (2018a) prepared CA from

X
cellu&erogel (Yangetal., 24%{; Yu et al., 2018a).
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odium carboxymethyl cellulose (CMC) is a type of cellulose derivative

6 ed by carboxymethylation of the hydroxyl group in cellulose molecules. CMC
a

n be crosslinked with metal ions such as nickel (Ni?*), calcium (Ca®*") and

connected to each other, either by condensati

and aggregation of fibrils due to the arrange
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mmerci I‘i;sétis@ue to safety concerns. Several
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se-bzgd,CA because cellulose is renewable,

gradable” They used cellulose as their carbon
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; Yang et al. (2021) prepared CA using

magnesium (Mg?*) to enhance its properties due to the presence of the carboxyl group.



Yu et al. (2017) synthesised enhanced CA-Ni from CMC-Ni aerogel as a result of the
crosslinking reaction between Ni?* and CMC via the sol-gel process. They succT'
preparing enhanced CA-Ni with a high specific capacity that exhibit \Qlent
stability as energy storage (Yu et al., 2017). Other than that, Yu et al.'&ea) used
ferric trichloride (FeCls) and collagen as crosslinking agent and Ritrogen source
respectively, in preparation of nitrogen-doped CA from CMC 'amistep approach
such as sol-gel, freeze-drying, carbonisation and KOH \X.o.n

')rocesses. The

obtained CA exhibited a well-developed porous structu da 'gw surface

"X

area for energy storage purposes (Yu etal., 2018a). T e‘m@nce
of metal ions in improving the structure of CA \/T
In this research, a direct, simple, ane,Jow- osta?pr h for ﬁgsising CA

composites through the carbonisation %@n CMC ae S v@ﬁ-gel and freeze-

drying processes was investigated.@sral me \ms?w ,Q}ed as a crosslinking
ﬁiy N
agent, including magnesium iu%*), m%nga e;iorkez(,@nz"), nickel ions (Ni%*)

and zinc ions (Zn%*). The %conr es had @ a high surface area and a
hy

porous structure. W% sed a ;den@'orage materials, the CA-Mg
s
ste ic'|e

f de%ﬁ;nvg hydrogen compared to pure CA.

composites have th
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CA-Mgc es as hydroge st&age} terials.
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1.2
\mventionally, CA is made up from carbonisation of organic aerogels such as
resol/formaldehyde aerogels and phenol/formaldehyde aerogels. However, the
isadvantages in using these methods are expensive, utilised toxic carbon sources, and

involve complicated synthesis process which make them less suitable for mass



production and commercialisation due to safety concerns (Alizadeh Asl et al., 2017;

Aravamudhan et al., 2014; Ergun et al., 2016; Yu et al., 2017). Y~

Recently, various research has been performed utilising cellulose SS@G to

its renewability and biocompatibility. Researchers choose cellulose as thelfresearch
subject due to it being plenteous in nature that make it renewable, sztainable, and

environmentally friendly. In preparing CA, CMC can be use rting precursor

which needs to go through several processes, starting atio’, followed by

ps nng simple
. . \QQ
and can be deemed to be a green technique (Li e 0; Peygday. el aL\‘?)ZZ).

CMC is a nontoxic, biocompatible, and Water-?He cem@ ecugwing to
the present of carboxyl groups, CMC can b S mked"vith tal m&n enhance its
i I)f C
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properties. Due to the promising pot ay ge applications,

substantial work involving the fabri% of Q@slxk @ metal ions has been

solvent exchange, freeze drying and finally pyrolysis. A
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conducted, such as the deriv. CAINIO os'{@:and the preparation of
| - )
sodium polyacrylate functi carljon nanotube @sgels (Fest et al., 2023).
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Carbon based materialsare the mit taBId;@aterials for gas storage due to their

very small pores, @osi@ attractive force between carbon atoms and gas
Ny
molecules (Kﬁm Kécebas, 2019). f_l‘gufeatures of CA, such as its high porosity,
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make it id@ ydrogen ehergy ge. Absorption process is involved to store
4
de,

hydro§ laphysical b o'f\/ van der Waals forces between materials with a high
ce

sur‘\
to store hydrogen, such as carbon-based materials, zeolites, and metal-organic

Omeworks (MOF) but most of them have low densities and require additives for heat

conductivity optimisation due to the limitation to the density levels of hydrogen to be

a and molecular hyhc'l:o?gen (Pandey et al., 2020). Different adsorbents can



stored, which needs to be greater than 40-50 kg/m? and it is not easy to achieve that

using available adsorbents (Olabi, Bahri, et al., 2021). T
Previous research shows that, the standard set by Department of EsngE),
licati

United State where the storage must be at least 6 wt% for application in the
ozar

transportation industries, could not be achieved. The current research bon-based
materials shows the value of 5.5 wt% hydrogen uptake at roo rature, which can
be considered the best to meet DOE’s standard (Singh et al.; ). Hevlce,research on

carbon-based materials needs to be explored and varied to aéhieve DO oal. Y.
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In this research, CA-Mg composites are synthesised by?ir tp onsi.%Q CMC
NV
\the soI-ggIV@'ocess and
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aerogels. CMC aerogels are prepared beforehand thro

freeze-drying with the addition of Mg?* a% -linkd

t. T thesised CA-

Mg composites have a high surface area andap strJ : \&Qcan be suggested
A
as a potential solution for hydrogemstorage W% iIIeC’SOM; Pyle et al., 2016;
&
Zhao et al., 2021). A
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1.3  Objective oﬁ@rch Q é/
The aim of the QQ toi 1 'the @éﬁtial of CA as hydrogen storage device
¢
for future a ations, with OI{JW@C?)bjectives:
Y
Stopymnd
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a) ynthesis fro C via gelation process, freeze-drying, and
A] S’
yrolysis. N

0‘& To characterise CA derived from CMC using Fourier-transform infrared

(FTIR) spectroscopy, X-ray diffraction (XRD), Brunauer-Emmett-Teller

(BET) method and Field Emission Scanning Electron Microscopy



(FESEM).

C) To investigate the ability of CA as an absorbent for hydroge&t%ge
u

application using Temperature Programmed Desorption (TPD!t%} e.

1.4 Scope of Study N:

The main purpose of this research is to study the ca biIWA as a hydrogen
storage material from CMC. The synthesis of CA fro I VOI@M steps,
such as the gelation process, freeze-drying, and pyrolysis. CMC was treated v?/}.tggﬁur
metal ions during the sol-gel/gelation process: ma ium iorl,( g** man%n se ion

N
\aN.[oss-Il King agents to

gel b{a freeze-drying

(Mn?"), nickel ion (Ni?*), and zinc ion (Zn?*), which a

form hydrogel solution. Then, it was con@%to

process followed by a pyrolysis pro e%ﬁr N

(@]

arg&szation of CA was
carried out using FTIR spectrosco D,d3 method at@FESEM. The prepared

“« Q-
CA's ability to store hydrogeM estiga g tPﬁfPD technique.
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