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Introduction

The need for biodiesel as an alternative fuel diesel has increased 
nowadays as biodiesel is more environmentally friendly than 
petroleum-based diesel. Many researchers found ways to improve 
biodiesel production from vegetable oil and waste cooking oil. One 
of the important aspects of biodiesel production is the synthesis 
of catalysts for increasing the reaction rate and percentage 
of conversion [1]-[2]. It is produced by transesterification of 
triglycerides with methanol in the presence of acid or base 
heterogeneous catalysts. The solid acid catalysts included sulphated 
catalysts. Incorporating sulphate ions showed a strong influence 
on biodiesel production [3]-[5]. 

Carbon materials constitute a very flexible set of supports 
for elaborating robust advanced heterogeneous catalysts 
and their increasing importance in catalytic processes is now 
widely recognised in biodiesel production [1], [6-7]. Covalent 
functionalisation is a chemical functionalisation and associated 
with a hybridisation change from sp2 to sp3 and a simultaneous 
loss of the pi-conjugation system on the graphene layer. The 
non-covalent functionalisation is a physical functionalisation by 
aromatic compounds, surfactants, and polymers, employing π-π 
stacking or hydrophobic interactions. Carbon material with its 
unique electronic, thermal, and mechanical properties, such as 
amorphous carbon and carbon nanotubes exhibits remarkable 
stability due to its hydrophobic nature in the presence of polar 
solvents. Such unique behaviour emerges from the hydrophobic 
nature of multi-wall carbon nanotubes or amorphous carbon’s 
surface because of their unique π-conjugated system favoring 
the aromatic-based reagent. The advantages of producing non-
covalent functionalisation instead of covalent functionalisation 
are due to the functional groups’ attachment. This method offers 
the possibility of attachment to graphene without disturbing 
the electronic network and does not disrupt the extended 

π-conjugate on the graphene surface. This means that in the 
acid catalytic reaction, the amorphous carbon can be attached 
with –SO3H group by non-covalent functionalisation. In order to 
improve the graphene solubility in common solvents and avoid 
stacking, the non-covalent functionalisation with the different 
organic compounds is essential [2], [8]. 

Pi(π) stacking implies an attractive non-covalent interaction 
between aromatic rings. Sigma and pi atomic charges, relative 
orientations, and van der Waals interactions qualitatively determine 
the electrostatics which is dominant in substituent effects. The 
electron-withdrawing groups reduce the negative quadrupole of 
the aromatic ring and thereby favour parallel displacement and 
sandwich conformations. However, the electron-donating groups 
increase the interaction strength in a T-shaped configuration with 
proper geometry [9]. 

Non-covalent functionalised the carbon solid through π-π stacking 
with non-polar solvent as a stabiliser to produce immobilised 
acidic catalytic active centres. The functionalisation depends on 
the type of solvent used in the sulfonation process. The formation 
of non-covalent nonspecific functionalisation and solubilities of 
multi-walled carbon nanotubes (MWCNTs) was found to be effective 
in the organic solvent [10]. 

The amorphous carbon can be prepared by carbonisation through 
pyrolysis. Carbonisation involves the thermal decomposition 
of carbonaceous material, eliminating non-carbon species 
producing a fixed carbon mass and rudimentary pore structure. 
The higher the carbonisation temperature, the higher the 
specific surface area of the char. However, the catalytic activity 
of esterification is independent of the surface area and depends 
on acid density. The basic microstructure of the char with 
microporosity was formed around 500°C. If the carbonisation 
temperature is not more than 450°C, some of the glucose does 
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not transform into char, whereas, if the process is carried out at a 
temperature higher than 550°C, the heat decelerates the activation  
process [11]. 

A way to increase the –SOH3 group in non-covalent functionalisation 
was proposed [12]. In this work, electrodes were prepared using 
single-walled carbon nanotubes non-covalently functionalised 
with 1,3,6,8-pyrenetetrasulfonate or 1-pyrenesulfonate and 
immobilised together with enzyme lactase. This method 
enables the immobilisation of the controlled number of 
sulfonate groups. However, the results obtained from these 
experiments are different than reported [13]. The pyrene 
functionalised single-wall carbon nanotube (SWCNT) electrodes 
are reproducible and show significantly higher catalytic current 
with 1,3,6,8-pyrenetetrasulfonate acid. 

The interaction is from the negatively charged functional groups 
and electron clouds of the π systems which exhibit an attractive 
interaction. This interaction is predominated by dispersion 
interaction when both π systems possess very similar electron 
densities. When one of the systems is electron-rich, and another 
electron is electron-deficient, the resulting complexes are bound 
by induction interactions as is the case when the negative charge 
gets transferred from benzene [12]. The 1-PSA molecules on the 
graphene layers’ surface act as electron-withdrawing groups 
resulting in an electron transfer from the modified graphene 
nanosheets surface to the 1-PSA molecules [14]. The non-
covalent modification of CNTs surface through π–π stacking with 
1-pyrenesulfonic acid (PSA) was reported [15]. The attractive 
interaction between the pyrene moieties and the CNTs surface 
binds them together. In this study, a renewable carbon catalyst was 
developed based on non- functionalisation method using glucose 
as a carbon source.

Materials and Methods

Materials

Glucose (99%) was obtained from SYSTERM ChemAR as the 
raw material for amorphous carbon by the pyrolysis process. 
1-pyrenesulfonic acid hydrate was purchased from SIGMA-ALDRICH 
(>97% HPLC). Besides that, nitrogen gas (98%) was purchased from 
a local supplier for the pyrolysis process to purge out all the oxygen 
and moisture. The solvents used in the sonication process were 
ethanol (96%) from SYSTERM ChemAR, N, N-dimethylformamide 
DMF (99.8%) from J T Baker, and heptane (99%) from R&M Chemicals 
Company.

Preparation of catalyst

The glucose was subjected to pyrolysis at 400, 500, and 600°C 
in a tubular furnace. The nitrogen was used to purge out all 
the oxygen gas and moisture for 30 minutes at a flow rate of  
100 ml/min. The time taken for the pyrolysis for these three 
different temperatures was 4 hours. After four hours of pyrolysis, 
the flowing nitrogen gas was stopped out of the beaker that 
contained water before it turned off to avoid the backflow of water 

into the tubular furnace. The sample inside the tube furnace was 
taken out. The char was reduced to powder and sieved to below 
2 mm before analysis. The samples were stored in a desiccator 
for further analysis.

Liquid sulfonation 

1-pyrenesulfonic acid hydrate was heated in an oven for three hours 
at 105°C to remove the hydrate. The non-covalent functionalisation 
of amorphous carbon was carried out by mixing the glucose 
amorphous carbon (1 g) with 1-pyrenesulfonic acid (100 mg) in 
ethanol (100 mL). The resulting mixture was sonicated at room 
temperature in the fume hood allowing the vapours released to 
the atmosphere for 30 minutes. After bath-sonication, the solvent 
was filtered with filter paper. Then the catalyst was dried under 
vacuum at 40°C for 24 hours [16]. This procedure was repeated 
using heptane, N, N-DMF [15] solvents.

Post Sulfonation

The samples were washed with hot distilled water repeatedly until 
the pH becomes neutral, and the sulphate ion was not detected. The 
samples were dried in an oven at 110°C [17]. All the samples were 
kept in a desiccator at room temperature until it is further used. 
Another test by a precipitate of barium sulfate was used to detect 
the sulfate ion. 2 mL of HCl was then added into the sample and 
washed with water. The sample was then heated to boiling point 
while stirring gently and 0.1 M of barium dichloride was added 
slowly into it. If there is no formation of white precipitate means 
that the sulfate ion does not exist.

Total Acidity Analysis

The samples were tested through their chemical and physical 
properties. Catalyst characterisation was carried out by measuring 
its total acidity using acid-base back titration. For the back titration, 
0.008 M of NaOH and 0.02 M of HCl reagents were used. 

TGA Analysis

The determination of thermal stability was carried out using 
thermal gravimetric analysis (TGA) with the Perkin Elmer model 
TGA6. TGA is the determination of the weight change as a function 
of temperature under a controlled atmosphere. The sample was 
preheated in a flowing inert atmosphere (10°C/min) at 400°C with  
100 ml/min a flow rate. When the sample equilibrated at the 
specified temperature, the furnace was switched from inert gas. 
After that, the desorption of the adsorbed base was done by 
switching back to an inert atmosphere. The temperature was 
increased at the rate of 10°C/min to remove base molecules. The 
process was repeated for all samples [18]. 

FTIR Analysis

The functional group was determined by using Fourier Transform 
Infrared Spectrometry (FTIR). The FTIR resulting spectrum indicates 
the molecular absorption and transmission, creating a molecular 
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fingerprint of the test sample. Complete temperature series of 
the non-covalent functionalisation char was scanned in the mid-
infrared region from 650-4000 cm–1 by using the software. The 
spectrum was analysed to determine the functional groups for 
respective chars. 

SEM Morphology

The surface morphology analysis was determined by using a 
Scanning Electron Microscope (SEM). The morphology of chars from 
different temperatures (400, 500 and 600°C) and different solvents 
(heptane, ethanol, and DMF) was determined. All the samples are 
solid and sufficient size to fit into the microscope chamber. The 
maximum size in horizontal dimensions is about 10 cm, and the 
vertical dimension is about 40 mm. The samples are stable in the 
vacuum at the order of 10–5 or 10–6 torr. Energy-dispersive X-ray 
microanalysis (EDX) is to determine the composition of the features 
in the SEM image. Its characterisation capabilities are due to each 
element that exhibits a unique atomic structure allowing X-rays that 
are characteristic of an element’s atomic structure to be identified 
uniquely from one another.

XRD Analysis

The XRD is one of the most commonly used techniques for the 
crystalline phase identification. In this technique, the catalyst 
sample was irradiated with the X-ray of a known wavelength (λ). 
Accordingly, X-rays are reflected by atomic layers with interplanar 
spacing (d) at a certain angle of incidence and reflection, which is 
well known as Bragg angle (θ) [19]. The particle size distribution by 
volume was measured using a Malvern Zetasizer Nano series with 
water as a dispersant (refractive index = 1.330).

Surface Area and Porosity Determination

The Brunauer Emmet Teller (BET) method was used for calculating 
the total surface area. Each sample surface area was measured 
based on the BET multipoint method using Automatic Mercury 
Porosimeter (PASCAL 400) [20]. 

Result and Discussion

Total Acidity

The data of total acidity is shown in Figure 1. It shows that the 
catalysts’ total acidity is increased from 1.587 mmol/g to 1.613 
mmol/g when the temperature is increased from 400 to 500°C. 
However, at 600°C, the acidity is decreased to 1.273 mmol/g. The 
overall trend of the total acidity shows a decreasing magnitude. This 
may be due to the higher carbonisation temperature and the higher 
surface area of the catalyst support. However, if the carbonisation 
temperature is too high, the structure of the catalyst support 
changes. This decrease in total acidity might be attributed to the 
lower amount of polycyclic aromatic carbon being functionalised 
in the catalyst at a higher temperature at 600°C. The pyrolysis 
was carried out in the temperature range 250-650°C. The higher 
temperature would adversely effect on the formation of the –SO3H 

group during the sulfonation process due to the formation of rigid 
carbon material. Besides, this results in the low acid density and 
inability of certain polar molecules to reach the –SO3H groups. 
Thus, the high-temperature pyrolysis process can result in a limited 
catalyst. However, the lower pyrolysis temperatures at the longer 
time favoured the thermal-resistant carbon material, which can 
result in the carbon that is more prone to be sulfonated. The highest 
activity of the synthesised catalyst was found to be at 400°C, as 
shown in Figure 1.

Particle Size Distribution and Functional Groups

Figure 2 shows the particle size distribution of carbon-based 
catalysts. The mean particle size was based on a volume-weighted 
mean. The mean particle sizes of samples SC400, SC500, and SC600 
were 147.2 nm, 112.9 nm, and 100.6 nm. From the size distribution, 
the higher the carbonisation temperature, the smaller the particle 
size. By increasing the activation temperature, the carbon structure 
becomes ordered to a certain extent, but not to the extent of 
completely ordered graphite carbon structure. Therefore, an 
ordered porous carbon structure was formed by increasing the 
activation temperature. 

The FT-IR spectrum is shown in Figure 3 and Table 1. All of 
the spectra contain peaks attribute to aromatic ring modes 
around 1600 cm–1. C=C stretching can be identified at the range 
wavenumber of 1620-1680 cm–1 [21]. Moreover, peaks attribute to 
C-O-C asymmetric stretching for all sulfonated char catalysts can 
be seen at about 1130-1150 cm–1 [18]. The -SO3H exhibits a peak 
at 1000-1032 cm–1 attributed to the symmetric S=O stretching 
[22], as well as a peak at 1743 cm–1 attributable to the presence 
of –SO3H groups, thereby confirming the incorporation of sulfonic 
groups onto carbon matrix after the sulfonation process [23]. All 
the three spectra exhibited similar peaks characteristic of –SO3H 
groups at 1743 cm–1; however, SC-400 is slightly more intense than 
SC-500 and SC-600. This shows the reduction of catalysts’ total 
acidity by increasing the activation temperature of the support 
due to the constitution of large carbon sheets and essentially a 
more ordered structure. The three sulfonated char catalysts show 
the peaks around 1215 cm–1 can be assigned to an aromatic 
acidic group (Ar-OH stretch) mainly due to oxidation during the 
carbonisation and the peak around 1700 cm–1 attribute to C=O, 
which assigned to carboxylic groups [24]. However, it can be seen 
that there is a peak of about 3400 cm–1, which is known as OH 
stretching at 3200-3700 cm–1 [25]. 

Figure 1 Effect of temperature on total acidity
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As shown in Figure 3, the peaks for all catalysts at 1600 cm–1 are 
significant. This FT-IR spectrum showed a characteristic peak of 
pyrene such as a strong ring deformation peak at 845 cm–1 and a ring 
stretching peak at 1550 cm–1 indicating successful incorporation 
of pyrene into the amorphous carbon [26]. This confirms that 
non-covalent interaction occurs between the sulfonated pyrene 
group (–SO3H) and the amorphous carbon sheet’s carboxylate 
groups. The FT-IR spectrum of pyrene shows a strong peak at  
841 cm–1 which is attributed to C-H wagging vibration. These bands 
of amorphous carbon incubated with pyrene were caused by the 
strong π-π stacking interaction in the pyrene-amorphous carbon 
complex [27]. 

Surface Morphology 

Figure 4a, Figure 4b, and Figure 4c show SEM images of physical 
change in SC600 and SC500 compared to SC400. As a result of 
the high-temperature pyrolysis process, the porosity in SC500 
is higher compared to SC400. However, for SC600, by increasing 
the activation temperature, the number of C-C bonds in the 
carbon lattice increases. The degree to which the pores collapse 
decreased, as shown in Figure 4c SEM image. This is attributed 
to the lower total acidity of the SC600 compared to SC400 and 
SC500 due to the destroyed and the collapsed walls, which are 
appeared as flakes [28].

Figure 4 SEM images of SC400, a) SC500, b) SC600, c) with the magnification of 700 

Figure 3 FT-IR spectra of char and the carbon-based catalyst

100.7

100.7

100.5

100.4

100.3

100.2

100.1

100

99.9

99.8

99.7

Ab
so

rb
an

ce
 (a

.u
)

Wavelength, cm–1

4000 3500 3000 2500 2000 1500 1000 500 0

Table 1 Characteristics of FTIR spectrum

Wave number, cm–1 Group attributed
841 C-H wagging vibration
845 Strong ring deformation
1000 – 1032 S=O stretching symmetric
1130 – 1150 C-O-C asymmetric stretching 
1215 Aromatic acidic group
1550 Ring stretching peak
1620-1680 C=C stretching
1700 C=O carboxylic groups
1743 Presence of -SO3H group
3200 – 3700 OH stretching 

Figure 2 Particle size distributions of SC400, SC500, and SC600
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Thermal Stability

The thermal-gravimetric analysis (TGA) of the carbon-based catalyst 
under nitrogen is shown in Figure 5. The weight loss is about 5% 
at 100°C, which is mainly due to the loss of the amount of water 
adsorbed. The non-covalent binding decomposition temperature 
is between 350-600°C. It also proves that the shift of characteristic 
of non-covalent functionalisation between hexagonal rings and 
pyrene molecules in TGA, which is decomposed from 300°C [29]. The 
TGA profi le is observed upon π-π bonding decomposition gives way 
to stepwise weight loss pattern around 325°C. This phenomenon 

was observed with non-covalent functionalisation sulfonated 
carbon catalyst wherein guest molecules sustain and stabilise the 
open structure. From the TGA analysis, it was found that SC600 at 
higher carbonisation temperature showed less signifi cant weight 
loss compared to SC500 and SC400. This may due to the gradual 
desorption of SC600 compared to SC400 and SC500, which has 
low acidity 1.2 mmol/g. 

Surface Element Analysis

The chemical composition of the carbon-based catalyst was 
analysed using an elemental analysis method. The ratio of O:C 
is higher in SC600 compared to SC400 and SC500. The results of 
element analysis are shown in Table 2. It shows that the decrease in 
the O:C ratio with the increasing activation temperature. Increasing 
the activation temperature causes the evaporation of an increasing 
number of heteroatoms from the carbon rings resulting in more 
graphite-like structure and more ordering [30]. On the other hand, 
the element analysis shows only the SC400 consists of the sulphur 
element, which is 0.0012 mol while SC500 and SC600 do not possess 
sulfur element. 

XRD Spectroscopy

In this work, the sulfonated carbon-based catalyst samples have 
shown disorder towards a specifi c direction to its carbon sheets 
which is known as turbostratic. This is due to the typical XRD 
patterns of these materials are either considerably broad or 
absent compared to that of graphite structures [31]. However, 

Figure 5 Thermo-gravimetric analysis (TGA) of SC400, SC500, and SC600 
under nitrogen

Table 2 Element analysis of diff erent temperature sulfonated catalyst

Catalyst
Temperature, 

[°C]
Mol –SO3H

[mmol/g]
Mol ratio to Carbon

C O S O:C S:C
SC400 400 7.19 0.85 0.0012 0.013 0.118 1.7x10–4

SC500 500 7.26 0.80 0.00 0.00 0.11 0.00
SC600 600 7.92 0.30 0.00 0.00 0.04 0.00

Figure 6  XRD Pattern of catalyst prepared from char carbonized at 400°C (SC400), 500°C (SC500), 600°C (SC500)

%
 W

ei
gh

t

Temperature °C

0 100 200 300 400 500 600 700 800

110

100

90

80

70

60

50

40

SC400

SC500

SC600

In
te

ns
ity

800

700

600

500

400

300

200

100

0

2θ (°)

5 15 25 35 45 55 65

400°C (SC400)
500°C (SC500)
600°C (SC600)

UTP-IJBR Vol 9, No 2, 2020 (002).indd   10 12/29/20   4:40 PM



11International Journal of BIOMASS & RENEWABLES

J. Janaun et al. / International Journal of Biomass & Renewables, 9(2) : 6 - 13, 2020

the development of an increasing ordered structure within the 
carbon network is determined by the presence of defi nitive narrow 
peaks of graphite structure in the XRD patterns compared to the 
broader ones [32]. 

Figures 6 shows the XRD patterns for carbonised glucose with 
different temperatures. All the XRD patterns exhibit similar 
diff raction peaks around 2θ=10-30º attributable to amorphous 
carbon composed of aromatic carbon sheets oriented in a 
considerably random fashion. In the case of glucose, carbonised 
at 600°C, Figure 6 clearly shows a diff raction peak at 2θ = 35-50°C 
appears broader and weaker compared to SC400 and SC500. This 
diff raction indicates the presence of more graphite likes structure 
at higher temperatures [33].

Surface Area and Porosity

The porosity of the carbon-based catalyst is shown in Table 
3. It shows that the particles are mesoporous characteristics 
with an average pore size ranging from 40 nm-1694 nm while 
the surface area is ranging from 4-7 m2/g. Increasing the 
carbonization temperature from 400°C to 600°C of the carbon 
char, the pore diameter increased considerably. Sulfonated char 
prepared at carbonisation temperature at 400°C results in a 28% 
reduction in surface area compared to 600°C. Simultaneously, 
the carbonisation temperature at 500°C did not much reduce in 
surface area compared to 600°C, which is only 9.17%. However, 
with the increasing carbonisation temperature, carbon material 
becomes harder, and the flexibility of polycyclic aromatic 
carbon decreased through-plane growth and carbon sheet 
stacking [34]. 

aromatic carbon in this sample is thus expected to be less fl exible. 
Therefore, the large infl exible polycyclic aromatic carbon in rigid 
carbon materials can be sulfonated with sulfonate ion. 

Eff ect of Solvent on Non-Covalent Functionalisation 

Amorphous carbon is a natural and inexpensive source for large 
scale production of graphene sheets. However, the π-π stacking 
between graphene sheets results in the formation of multilayers. 
Pristine graphene sheets are hydrophobic; hence they cannot 
dissolve in polar solvents. Thus, to make graphene soluble in 
common solvents, and thereby avoiding stacking, the non-covalent 
functionalisation with a diff erent organic solvent is essential such 
as heptane, ethanol, and DMF [36]. However, organic solvents 
can be divided into polar or non-polar solvents. The successful 
non-covalent functionalisation of graphene was suspended in the 
non-polar solvent with non-polar pyrene derivatives. Interactions 
between amorphous carbon and noncharged non-polar molecules 
in non-polar media to a higher extent, rely on non-covalent 
functionalisation. The non-polar pyrenes are designed primarily to 
provide the interaction in the non-polar aromatic solvent that can 
be non-covalently functionalised by neutral pyrene derivatives [9]. 
In this study, based on the total acidity, it is obvious that heptane 
led to the highest adsorption of 1-pyrenesulfonic acid onto these 
solids among the solvents used. This is because of the heptane, 
which is widely applied as a non-polar solvent compared to ethanol 
and DMF, which consist of polar characteristics. The surface area 
and total acid increase with the increasing pyrolysis temperature, 
resulting in larger pore size, which allows the sulfonic acid groups to 
be more easily incorporated into the carbon matrix by diff usion [22]. 
Therefore, the chars with lower pyrolysis temperature preserved the 
intrinsic properties of graphite carbon via π-π interaction.

Comparison between Non-Covalent Functionalised Carbon-
Based Catalyst with Sugar Catalyst

The comparison between the non-covalent sulfonated catalyst 
with the pyrolysis temperature 400°C using 1-pyrenesulfonic acid 
as a reactant and sugar catalyst derived from D-glucose is shown 
in Table 4. Table 4 shows that the total acidity of sugar catalyst is 
higher than the SC400. However, the sugar catalyst’s surface area 
did not exceed 1 m2/g despite supported on porous media. From 
the thermo-gravimetric (TGA) of carbon-based catalysts under 

Table 3 Surface area, pore diameter and porosity of three diff erent pyrolysis 
temperature sulfonated catalyst

Catalysts Surface area 
[m2/g]

Pore diameter 
[nm]

Total 
porosity [%]

SC400 4 41.70 5.22
SC500 6 247.85 8.25
SC600 7 1694.22 8.79

Figure 7 Effect of temperature on surface area and total acidity of 
amorphous carbon  functionalised
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Eff ect of Temperature on Surface Area and Total Acidity

Three sulfonated catalysts made from three diff erent pyrolysis 
temperatures (400, 500, and 600°C) were studied for their total 
acidity, surface area, and porosity. Figure 7 shows the increased 
surface area of the catalyst at higher carbonisation temperature. 
Furthermore, the activated support at the lowest carbonisation 
temperature showed a considerable reduction in the surface area. 
Nevertheless, the percentage of the surface area was increased 
considerably for sulfonated catalysts at higher temperature i.e. 
500°C and 600°C. Therefore, in this study, it was observed that the 
surface area and porosity of the prepared catalyst are important 
factors on the total acidity. However, increasing the pyrolysis 
temperature would cause more C-H bonds ruptured through 
completing the carbonisation of the support [35]. The polycyclic 
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nitrogen, sugar catalyst showed the decomposing trend at around 
247°C. This is contrary to SC400, which is decomposing at around 
500°C, where it is thermally more stable than sugar catalyst. This can 
be explained by the analysis of the elemental composition where 
sugar catalyst consists of 0.07 ratio of S:C while SC400 consists of 
a 1.7 x 10–4 ratio of S: C. SC400 has a relatively higher amount of 
carbon compared to sugar catalyst but lower total acidity compared 
to sugar catalyst. Although non-covalent functionalisation-based 
acid catalyst (SC400) consists of lower total acidity compared to 
covalent functionalisation (sugar), the non-covalent (π-π stacking) 
functionalisation route is simple to handle and non-destructive, 
thereby avoiding deterioration of the outer electronic surface of 
the MWCNT and C/C composites. Since covalent functionalisation 
of the larger planar unsaturated carbon system introduces sp3sites 
and changes the permanent electronic properties. In contrast, the 
non-covalent has the advantage of preserving the amorphous 
carbon’s structural and electronic integrity. 

Conclusion

In this work, three types of non-covalent functionalisation of 
carbon at three different pyrolysis temperatures at 400, 500, and 
600°C were studied. This is confirmed by the shift 1550-1600 cm–1 
in the FTIR spectrum where 1-PSA molecules on the amorphous 
carbon act as the electron-withdrawing groups resulting in the 
electron transfer from amorphous carbon to 1-PSA form a π-π 
stacking. Based on the BET analysis, the results suggest that 
the total acidity of the catalyst, surface area and porosity of the 
non-covalent sulfonated catalyst are important factors. From 
the elemental analysis by EDX, only SC400 consists of the sulfur 
element while S500 and S600 do not possess any sulfur element 
on the surface of the catalyst. Acid back titration also confirmed 
that there is total acidity inside the SC400 catalyst (1.586 ± 0.356 
mmol/g). Besides that, TGA and DTA analysis show that the non-
covalent functionalisation catalyst decomposed at 500°C is highly 
stable compared to the sugar catalyst at 247°C. Future studies 
include transesterification of vegetable oil with methanol using 
the catalyst prepared and process optimisation with response 
surface methodology.
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