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Penyokong Pemangkin dibuat daripada Komposit Berliang Tanah Liat Tempatan
— Abu Terbang untuk Bahan Karbon Teraktif

ABSTRAK

Seramik berliang telah digunakan secara meluas dalam pelbagai sektor, seperti
penyokong mangkin, penukar haba, dan bahan penjerap. Daripada pelbagai teknik
fabrikasi, teknik replika berasaskan busa polimer merupakan kaedah yang paling biasa
dalam fabrikasi seramik berliang. Dalam penyelidikan ini, kekuatan mampatan dan
lenturan komposit seramik berliang dengan nibah tanah liat-abu terbang yang berbeza
(1:1 to 1:2) telah dibentangkan. Kajian ini juga menyiasat perbezaan kandungan
ampaian (50 hingga 70 peratus isipadu) yang mempengaruhi sifat-sifat mekagikal dan
ciri-ciri dalam pembangunan komposit seramik berliang. Komposit scra@%rliang
telah dibangunkan dengan menggunakan teknik replika berasaskan % polimer.
Komposit seramik berliang yang mempunyai mikrostruktur ing hubung
menunjukkan bahawa kekuatan mampatannya boleh mencapai gi 1.26 MPa
dengan keliangan sebanyak 94.5 peratus isipadu karbon untuk ni 1:1.5 antara tanah
liat dengan abu terbang. Kehadiran senosfera abu ter juga menyebabkan
pembentukan lompang di dalam topang dengan ketara,% empengaruhi sifat-sifat
mampatan komposit seramik berliang. Walaupun ko seramik berliang tersebut
(nisbah 1:1.5 antara tanah liat dengan abu terban punyai kekuatan mampatan
yang tinggi, namun kekuatan lenturannya hanya dapat mencapai sekadar 0.31 MPa. Ini
adalah disebabkan oleh pembentukan ruang t a ekaarah dalam komposit seramik
berliang. Selain itu, komposit seramik bexli engan nisbah 1:2 antara tanah liat
dengan abu terbang juga mempunyai k@m mampatan (1.12 MPa) dan kekuatan
lenturan (0.79 MPa) yang bagus. O bab itu, komposit seramik berliang yang
mempunyai nisbah 1:2 antara tan dengan abu terbang pada 70 peratus isipadu
ampaian sesuai untuk proses s ya dengan salutan lapisan karbon. Kandungan
sukrosa (5 hingga 15 peratus{iSipadu) dan karbon diperolehi daripada abu terbang
(0 hingga 4 peratus isi a‘@ yang berbeza telah digunakan untuk memahami
keberkesanan lapisan k bersalut pada permukaan komposit berliang. Aplikasi
larutan sukrosa tel indak sebagai pelekat dan memberi tingkah laku salingan
antara karbon di i daripada abu terbang dengan permukaan komposit. Sampel
dengan penam 4 peratus isipadu karbon diperolehi daripada abu terbang
mempamer andungan karbon yang lebih tinggi berbanding dengan 0 peratus
isipadu . Ini telah menunjukkan bahawa 15 peratus isipadu sukrosa dengan 4
peratus~isipadu karbon diperolehi daripada abu terbang mempunyai salutan lapisan
karb enjadi lebih baik (14.8 peratus isipadu dalam jumlah kandungan karbon). Ini
sesuai untuk teruskan dengan pengaktifkan karbon. Dalam usaha untuk menentukan
keberkesanan pengaktifan karbon, dua kuasa gelombang mikro berbeza yang terdiri
daripada 700 W (Watt) dan 1000 W bersama dengan pelbagai tempoh pengaktifan (10
hingga 30 minit) telah digunakan. Proses pengaktifan karbon dibantu oleh kalium
hidroksida (KOH) sebagai agen pengaktifan. Selepas proses pengaktifan, sebahagian
besar daripada lapisan karbon terdiri daripada karbon amorfus dan grafit. Proses
pengaktifan ini juga menunjukkan kuasa gelombang mikro yang tinggi (1000 W) dapat
menghasilkan taburan liang mikro yang baik berbanding dengan kuasa gelombang yang
lebih rendah (700 W). Oleh yang demikian, ini menunjukkan bahawa komposit seramik
berliang adalah sesuai untuk digunakan sebagai penyokong mangkin untuk bahan
karbon teraktif.




Catalyst Support made from Porous Local Clay-Fly Ash Composites for Activated
Carbon Materials

ABSTRACT

Porous ceramics has been extensively applied in many sectors, such as catalyst supports,
heat exchanger, and adsorbents. From various fabrication techniques, polymer sponge
replica technique is the most common method in fabricating porous ceramics. In this
research, the compressive and bending strength of the porous samples at different clay-
fly ash ratios (1:1 to 1:2) were investigated. This study also investigated the influences
of different amount of suspensions (50 to 70 wt.%) on the mechanical properties and
their characteristics in developing porous ceramic composites. The porous’¢eramic
composites were developed using polymer sponge replica technique. The in ected
microstructure of porous ceramic composites showed the compressive si@}:u can
reach as high as 1.26 MPa with 94.5 vol.% porosity for clay-fly ash ratig of 1:1.5. The
presences of fly ash cenospheres have significantly caused the form f voids within
struts and influence the compressive strength in porous ceramic posites. Although
the porous ceramic composites (1:1.5 ratio between cla fly ash) has high
compressive strength (1.26 MPa), its bending stren only able to achieve
0.31 MPa. This is attributed to the unidirectional op 1 formation of the porous
ceramic composites. On the other hand, porous ceragii¢<€omposites with clay-fly ash
ratio of 1:2 have also achieved good compressiv@rength (1.12 MPa) and bending

strength (0.79 MPa). Therefore, the porous ceramig composites with clay-fly ash ratio of
1:2 at 70 wt. percent suspension was suitab&5 er process by applying a layer of
carbon coating. Different amount of sucr to 15 wt.%) and fly ash-derived carbon

ess in order to understand the effectiveness
rous ceramic composites. The application of
sucrose solution has acted as esive and it provided an interlocking behaviour
between the fly ash-derived c and the surface of porous ceramic composites. The
sample with 4 wt.% of fly\dsh-derived carbon additions exhibited higher carbon
formation as compared t 6t.%. This has shown that 15 wt.% sucrose with 4 wt.% fly
ash-derived carbo.ra&ioed better carbon coating (14.8 wt.% total carbon content) and

(0 to 4 wt.%) were used in the coatin
of carbon coating on the surface

suitable to procee carbon activation. In order to determine the effectiveness of
carbon activatioh\ 0 microwave powers which consisted of 700 W (Watts) and 1000
W, along wi rious activation durations (10 to 30 minutes) were applied. The carbon
activatio ess was assisted by potassium hydroxide (KOH) as activating agent.
After tion process, the carbon layers are mainly consisted of amorphous carbon
and ite. The activation process also demonstrates that higher microwave power
(1000 W) has produced better micropores distribution as compared to lower microwave
power (700 W). Therefore, it has shown that porous ceramic composites are suitable to
be applied as catalyst support for activated carbon materials.

Xvi



CHAPTER 1

INTRODUCTION

1.1 Overview on the development of porous ceramics

o

In recent years, there has been a significant increase in awzx’e@ for the
production of highly porous ceramic materials. This is related to %Qu ue properties
of the porous materials, including high porosity, high sn%cc area, high thermal
stability, low density and high mechanical strength : er, 2005). This designed
porosity exhibit special features such as ﬁltrationOi; immobilization and catalyst
support which cannot be achieved throughS)\Qe tional dense materials (Hong et al.,
2012). C,}'Q)

Typically, the uniqueness@&e properties in porous ceramics has empowered
them for various applicaiti%anluding filtrations (Studart et al., 2007; Liu & Chen,
2014), catalyst suppc@(hotz et al., 2009; Liu, 2011; Aran et al., 2012), absorption-
adsorption proce hji & Fukushima, 2012), biomedical applications (Gonzenbach et
al., 200&3@ et al., 2014), enzyme immobilisation (Kamori et al., 2002; Mauricio et
al., 2@, Datta et al., 2013), electrodes (Liu & Chen, 2014) and thermal insulation
(Hong et al., 2012; Korjakins et al., 2013). Fig. 1.1 illustrates the classifications of pore
size for the application of porous ceramics along with their possible fabrication
techniques. In order to achieve the specific applications in porous ceramics, some of the

factors have played important roles, such as cell size, morphology, and their

interconnectivity (Binner, 2005). As a principle, open-cell structures are suitable to be



used for catalysis activity and filtration process, whereas close-cell structures are mainly

focused on thermal insulation.
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Fig. 1.1: Classif@ﬁf porous materials by pore size along with typical applications
d fabrication process (Ohji & Fukushima, 2012).
\{\\"o
@& important to know that the properties of porous ceramics are related to the
fabrication techniques. There is no specific technique that can sufficiently provide all
the necessary structures for various applications (Sepulveda, 1997; Studart et al., 2006).
Therefore, different processing route have been developed to fabricate the required
properties of porous ceramics for specific applications as shown in Fig. 1.1. Basically,
the fabrication techniques can generally be divided into three main categories, including

polymer sponge replica technique, sacrificial template and direct foaming techniques



(Ohji & Fukushima, 2012). These processing methods mainly depend on the
microstructure required in the end application along with intrinsic features of the
process such as cost, adaptability and ease of fabrication (Gonzenbach et al., 2007).

On the other hand, the materials used for the fabrication of porous ceramics also
play a major role. The materials that are selected highly depend upon the application
environments. Hydroxyapatite, for example, is suitable to be applied as artificial bone
scaffolds in biomedical applications (Gonzenbach et al., 2007; Jang et al., ZQgQ'while
cordierite is suitable to be applied as ceramic burner (Gracia et al., ZOOZ{Qﬁltration
purpose (Ewais et al., 2009). Therefore, it has shown that relat@i between the

applications and the materials being used for the fabricati?gog) porous ceramics is
important. i Q\Q
)
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Clay is a type of natural &gial that has attracted the interest in studying the

material due to its availa‘bi%@@nd unique properties (Bergaya & Lagaly, 2011). Clay in

Malaysia is abundan@;l\ easy to obtain (Ariffin et al., 2008). However, most of the

local clay has béér%tilised solely on conventional applications, including pottery, tiles

and bﬁ(@ordin et al., 2012; Shakir et al., 2013; Abdullah, 2014). There are only

limite@'udies discussed on the application of Malaysia clay for advanced applications

such as biocatalyst immobilisation (Edama et al., 2013) and ceramic membrane (Ahmad

& Zaidan, 2013). This shows that there is a significant potential for the clay in
Malaysia to be utilised for advanced applications.

Fly ash is produced from the combustion of coal for power generation at a power

plant. This means that fly ash can be considered as the environmental pollutant.



According to Balakrishnan and Awal (2014), Malaysia has generated fly ash with
approximately 2 million tons every year and this figure is increasing gradually. While
the environmental pollution issue increases dramatically due to fly ash exposure,
researchers have taken consideration to utilise fly ash into value-added products.
Maximum utilisation of fly ash has become an alternative method to reduce
environmental pollution. These applications include applying fly ashes as a cement
substitute in concrete (Namagga & Atadero, 2009; Islam & Islam, 2010), bnclNXu et
al., 2005; Tabin et al. 2011; Samander et al., 2013), stabiliser (Zha et al. ,e@ Hakari
& Puranik, 2012; Karthik et al., 2014), catalyst (Nath & Sahajwall % Babajide et
al., 2010), filler materials (Jigisha et al., 2012; Raja et al., 2?&?&' et al., 2014) and
adsorbents (Chandrasekaran & Malathy, 2011; Wee, 20 1@ et al., 2015). As a result,
fly ash is selected in this research as the sustainable @\ications.

Clay-fly ash mixtures have been wid&lﬁe in construction. These applications
include high performance clay-fly ash &!s (Xu et al., 2005; Pawar & Garud, 2014),
backfill material for construction 8@nforced bridge embankment (Jigisha et al., 2012)
and liner materials (Su_ut & ;anrxsh 2012). However, the fabrications of clay-fly ash
composites were ma&x}ocused on developing materials with dense counterparts.
There are limité dies that discussed on fabricating clay-fly ash composites in a
structur. ’ , especially in reticulated porous structure.

@16 development of porous materials with a reticulated structure possessed
better properties for various applications. In order to improve the properties of porous
composites such as adsorption, surface modifications are required. The most common
surface modification is through the coating of carbon layer (Maldonado-Hodar et al.,

2008; Moreno-Callista & Perez-Cadenas, 2010; Sharanda et al., 2014). Basically, most

of the carbon coating precursors is obtained from phenolic resin (Gracia-Bordeje et al.,



2002; Dawson et al., 2006), furan resins (Moreno-Callista & Perez-Cadenas, 2010;
Soltani et al., 2013) and furfuryl alcohol resins (Perez-Cadenas et al., 2006; Rodriguez
et al., 2012). In order to obtain low cost carbon precursors, sucrose and carbon content
in fly ash are the essential resources to produce activated carbon at lower cost. The
carbon content in sucrose is about 30 wt.% and it also becomes adhesive after melted
(Valdés-Solis et al., 2001; Jana & Ganesan, 2011). As a result, the carbon layer derived
from sucrose was easily coated on the surface of structural materials. Conversely, there
are only a handful of researches in using mixing carbon sources for carbor(b@ng.

On the other hand, researchers have introduced various actifation methods to
produce activated carbon, including physical activation (h@to—Valer et al., 2008;
Salehin et al., 2015), chemical activation (Pengthamkep§ al., 2010; Alhamed et al.,
2015) and physiochemical activation methods (Pur@g)\o et al., 2011; Purnomo et al.,
2012). However, the longer the heating procée‘\@ ¢ higher the loss of carbon content.
Microwave-assisted activation processd@reduce carbon soaking at high temperature
for a short period of time (Foo %&wcd 2010; Deng et al., 2010a; Chen & Zaher,

2012; Njoku et al., 2014) A’Q result, microwave-assisted heating has a potential in

reducing the heating @o}for carbon activation.
\6

"o
1.3 Res@?bjectives

The intention of this research is divided into two parts. The first part is to utilise
fly ash in the porous ceramic composites fabrication. The second part is focused on

fabricated porous ceramic composites acting as a catalyst support for carbon coating.



Thus, the objectives of the research are,
(i) To develop porous ceramic composites in reticulated porous structure by using
local clay and fly ash.
(i) To determine the effects of mechanical properties after the mullite and
amorphous phase formation in porous ceramic composites.
(iii)  To develop carbon coating on the surface of porous clay-fly ash composites.
(iv)  To analyse the characteristics of carbon coating layers on porous cl\z&ly ash
composites after activation process. {\q
2
\C)
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Currently, the fabrication of porous ceramic @nposites is still at developmental

1.4 Scope of the Study

stage in Malaysia. Thus, this research h%@u ed on the development of porous
ceramics composites via polymer spona\gblica technique along with the utilisation of
clay and fly ash obtained in Mal@& On the other hand, this research is divided into
four sections. The first section the testing and characterisations of the received raw
materials. The secon{@ection is the mixture between clay and fly ash in a suitable
mixing ratio to ﬁ%e clay-fly ash composite. The composite mixture is impregnated
ina retis\r@structure template to form porous ceramic composites. The third section
invol@he extracted carbon from fly ash and sucrose as the carbon precursors. These
carbon precursors are used to form a carbon coating layer on the surface of porous clay-
fly ash composites. Finally, the fourth section is the activation of carbon coating layer

with the assistance of chemical activating agent and microwave energy. The summary

of the research works is schematically shown in Fig. 1.2.
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CHAPTER 2

LITERATURE REVIEW

2.1 Fabrication techniques of porous ceramics and composites

Yy

Porous materials are normally referred to those materials with a ’bs of more
than 30 vol.% (Liu & Chen, 2014). Over the last decades, the deve@ent of materials
with controlled porosity exhibits special features and propert}g‘hat cannot be achieved
through the conventional dense products (Studart et %\%06) As a result, porous
materials are used as the new type of materials for w@ range of engineering applications
(Scheffler & Colombo, 2005; Conquard et %&9; Hammel et al., 2014).

Traditionally, the production @Qres are minimised or eliminated in ceramic
based materials due to their bn@fess nature (Quinn & Quinn, 1997). However, the
irreplaceable properties O%lecs such as high thermal and environmental stability
have diversified the from fabricating dense solid materials to porous structure
materials for \@&ﬁ applications. These include catalyst supports and reactions (Vogt et
al., 200&?@&. et al., 2011), filtration (Damoah & Zhang, 2011; Soy et al., 2011), heat
exchanger (Coquard et al., 2009; Pusterla et al., 2012), thermal insulations (Liaw et al.,
2011; Zhang et al., 2014a), and porous implant in biomedical applications (Chen et al.,
2014; Diba et al., 2014).

The properties of porous ceramics and composites can be modified according to
the specific applications through the control of their compositions and microstructures

(Studart et al., 2006). The formations of open and close pores, pore size distribution,



