CHAPTER 3

RESEARCH METHODOLOGY

3.1 Chemicals and Materials
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Chemicals and solvents were purchased from Sigmaw and Evachem.

They were used as received without further purification. TheWdist f'che icals and

materials is stated in Table 3.1. ® Y'
N
|.S
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Table 3.1: List of Chemicw I\/% ‘?’
Chemical 0 am ufacturer/

N

", ¢ ) &
Sodium Carboxymethyl Cellu NaoC ' G}\ Evachem
“« Q-
Sodium Hydroxide \ N A% Sigma-Aldrich
\
Glycerol q j 3§ Sigma-Aldrich
:
D- (+)-g|uconica%c nel \" DLC}’ Sigma-Aldrich
Magnesium @rid ».6H,0 Sigma-Aldrich
|
Hexahydra% ?o‘ b"‘)
N
Nickel{1]) Sulphate ydr%'%\ NiSO4.6H,0 Sigma-Aldrich
ese (11) Sulphate \"}’ MnS0O,.H,0 Sigma-Aldrich
@hydrate
Glnc (11) Sulphate Heptahydrate ZnS0,.7H,0 Sigma-Aldrich
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3.2 Synthesis of Carbon Aerogel (CA)

Firstly, 4% CMC aerogels were prepared by weighing commercialw
sodium carboxymethyl cellulose (NaCMC), D-(+)-gluconic acid-lactone @and
glycerol in a ratio of 8:4:1 and dissolving them in 200 mL of deioni ter. The
solution was stirred under magnetic stirring at room temperature forWnutes until
a transparent solution was attained. Several metal (magnesium Nnganese (Mn),
nickel (Ni), zinc (Zn)) solutions with various concentra %Z 0.004, 0.006,
0.008, 0.01 mol) were prepared in 5.5 mL of deionize ter a : f 0.01M

AT
sodium hydroxide (NaOH) solution. The mixturév then | mi v'itk‘%aOH
solution and stirred until a homogeneous soluti btin\eﬁ. \T

Following that, each of the metal iJ:m\vas ixed vx@g:e obtained

CMC solution for 5 minutes to ensure @ity. The mixed ge@fntions were then

poured into a cylindrical polystyren@sle and !é_ﬁ\abr e@erature for 3 days to

N
encourage the gelation and %kin 0react ns. IZSJ the CMC hydrogel

underwent freeze-drying at i iXbi"r 6L rs obt‘@e CMC aerogels. The CMC
aerogels were then tu intd carbonlaerogels' ((sé'by carbonising them in a tube
s ¢ &
rat

furnace at 800 °C&«$hours il g éQlfS °C/minutes under Nitrogen (N2)
atmosphere, as w i .
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Sol-gel process

Freeze-drying process

Carbonisation process

: ) -~
\ ’m}' &
'3
e C@reparaﬁon of 4% CMC Solution.

C Iutio@d Metal lons Solution to Form CMC

I
% d was &%ﬁ Freeze-dried to Obtain CMC Aerogel. d)

T@Aergg W, 1 nde@]e Carbonisation Process to Obtain CA.

&’
:. \haracterisation of Carbon Aerogel (CA)

In this research, six instruments were used for characterisation of CA: FTIR

ectrometer, XRD analyser, BET surface area analyser, FESEM and TPD analyser.
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3.3.1 Fourier Transform Infrared (FTIR) Spectroscopy

FTIR spectroscopy was used to determine the functional group and@
molecular bonds in CA before and after carbonisation. The changes Weri &l’ dto

determine the completion of carbonisation where most of the molecular bonds were
destroyed during carbonisation (Mohamed et al., 2017). Thermo Sci;tific Nicolet

iISSORFTIR spectrometer was used to analyse the CA sample. was equipped

er cannected to the

Y e)\fb&ﬁJR ‘%gta

collection. ' _f)

with DLaTGS detector, and an automated beam splitter e

software of the spectrum operating system (OMNIC

P 4
The sample was placed using a spatulaWct contact'with at ted total
ord a'fx;m 8 scans at

were Qtracted from the

AN
background air spectrum. After e G n, r ceci:.)ﬁ’background spectrum
was taken. The ATR plate W IIyN methanol and dried with
soft tissue before beini pl ith #e n amp@Cleanllness was verified by

collecting a background™spectrum par le t with the previous one. These

O

spectra were reco &translmtta e vaIu(eQét each data point. The FTIR spectra

reflectance (ATR) crystal on a multiboune .FTIR wa
hese

a resolution of 4 cm™ at 4000 — 400 c pe ct

/

were observe t for atio e\l\lee@cm until 1500 cm™ which represented
'

the functi rotips and molecular s of the sample.
& T
A XY
3.3\ -Ray Diffraction (XRD) Analyser

The crystal structure of pure CA and CA crosslinked with metal ions was

Oracterised by analysing the XRD patterns of the samples at 26 range of 2° to 90°.

These patterns revealed whether the samples were amorphous or crystalline. In

.
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addition, the presence of any metal oxide formed during the carbonisation process was
observed. XRD analysis was conducted on a Rigaku model MiniFlex 600. FIrStW
sample had to be as pure as possible and in the form of a fine powder in @}; be
placed and fitted into the sample holder. The intensity of diffrac ys was

continuously recorded as the sample and detector rotated through eir respective

angles. The results were presented as peak positions at 260 and é-ray unts (intensity)

N .

3.3.3 Brunauer-Emmett-Teller (BET) Surface A nalys | _\0}

in the form of a table or x-y plot.

The specific surface area and pore size CA and ssu&éd with

metal ions were determined using a BE zer. Th| nalysi s aimed at

av@% highest surface

i V)Q selected for further

J/
Y

determining which CA samples with K ncentratl

area and pore size. CA samples tha@sthe dﬁd
study towards the possibility of%ed a!hydr en sto@ materials. Surface area

and pore size analysis the "CA [ pleywere @fied out via the nitrogen
he

adsorption/desorption % usm 'I* %e area analyser. The analyser
was equipped with indepe ums ﬁefns, one for sample preparation and
one for analysm% both \’]:Eoul(a)&{ concurrently.

@ple S fltt mfo 2(5 shaped, glass sample tube holder that can
hold vo% t ‘p cm3é\e mass of the sample needed was dependent on

mat enS|ty and expected wlc surface area (SSA). It was recommended to use

b e 40 m? and 120 m? of total surface area per sample for the best surface area
q sis results. The sample was sufficiently dried during the degas step when the
acuation rate was < 5 pmHg/min, usually in 6 to 8 hours to avoid negative
interference between the sample and nitrogen gas (N2). N2 was used as a physisorption
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gas for porosity measurement. Then, the sample was backfilled with helium gas (He)
and allowed to cool to room temperature. The mass of the sample and sampl
holder were weighed and subtracted from the sample holder mass recorded €arliersThe

data was recorded using ASAP 2020 software. A

X

3.3.4 Field Emission Scanning Electron Microscopy (FEi?.

FESEM was used to analyse the morphology of ossI|'1ked with and
without metal ions at different concentrations. The surfac rphology ,C
analysed by the FESEM model JSM IT800 S rier to obser, |04 _Q‘:ﬁwas

Y—-

sputtered-coated with a thin layer of gold. Th M aﬂ.y as performed by

T
bombarding the target surface with 1 ke\t?wns thﬁ\ ha rewon& been spread

over an aluminium stub with double- ew Itted @1 the sample with

an energy of 1 KeV were defined s dar e n

@.d for sample analysis.
C.)
Q—

3.3.5 Temperature Prog D orpti (TP nalyser
l
The desorption% urs of e‘n sto e materials were studied using

TPD over a wide Mature rahfter c |nk|ng the CA sample with various

metal ions, the 1e 4 cap: h@en storage material was analysed. This
analysis d at | det |h'g @N metal ions can enhance the hydrogen
desorpt VIOU; ature Programmed Desorption (TPD) 1100 by
Th |ent|f|c was used m«t@ analysis. The TPD analysis was started by cleaning

le with helium gas (He) at 50 °C for 1 h (degas process). Then, the sample
pre -saturated with hydrogen gas (H2) at 50 °C for 1 h (adsorption process). The
sample needs to be purged with He again as the system temperature decreases to room

temperature. The data collection began at room temperature and gradually increased
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to 500 °C at a ramp rate of 10 °C min! (desorption process). At a certain temperature,
the bond breaking between the sample and the H> occurred, and the H> ga?ﬂ!
desorbed. The desorbed gas entered the steam of inert carrier gas and w@}t to

the detector, where the detector response was proportional to the gas‘E;wwtration.

The TPD curve was shown on the analyser monitor. ?

3.4  Ability of Carbon Aerogel (CA) as a Hydrogen Material

The TPD curve of CA samples from room te atur tc&oﬁ,‘, which
gen stora aler_ié;ras
used to analyse their ability as hydrogen stora ml% A sa,@res were
degassed with helium gas (He) at 300 °C$:in\to ove a@g;mecessary
materials. Then, the temperature W&S@d to 50 th@&orption process

with hydrogen gas for 60 min. Aﬂerﬁﬁsjsorptio\oc%s a,s?bmpleted, the system

N
was retreated for 60 minutes w%lm g% at 25 °C t%;@,@ove any free hydrogen
gas. Finally, the desorption,&ihox ge, S started a C and increased at a ramp

rate of 10 °C min* unt . ( 0’
ek
The initial WOgenzi \tem erat the CA samples was determined
PD

indicated the desorption behaviour of CA samples as

—+.

<

de rate the significant role of Mg?* as an

based on the obtaine

¢
enhancer infsg%hesi of C
eswi

NN
th the.hi t deso&on rate was chosen to compare with a pure CA

of CA s%
. WY |
sa . Besides, the best poss@dore shape of the CA sample was determined based
OEE analysis, and the morphology of CA sample was observed from FESEM
e. Thus, the characteristics of the best CA sample as hydrogen storage materials

Qre determined based on BET, TPD, and FESEM analysis.
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3.5

Research Flow Chart

X

Objective 1: Synthesis of CA

Prepare pure CA and enhanced CA;
different parameters in term of types
and concentration of metal ions.

Comparison between pure CA and
enhanced CA.

A

Objective 2: Characterisation of CA

FTIR, XRD, BET and FESEM

Study the CA samples in term of
molecular, structural, morphology and

analysis. porosity.
xS
S O

Objective 3: Ability of CA as a Hydrogen Storage Material

TPD analysis.

Determine the best CA sample based
on desorption behaviour towards
hydrogen gas.
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