
1 23

Journal of the Australian Ceramic
Society
 
ISSN 2510-1560
 
J Aust Ceram Soc
DOI 10.1007/s41779-020-00539-0

The utilization of waste cooking palm oil
as a green carbon source for the growth of
multilayer graphene

M. F. Malek, M. Robaiah, A. B. Suriani,
M. H. Mamat, M. K. Ahmad, T. Soga,
M. Rusop, S. Abdullah, Z. Khusaimi,
M. Aslam & N. A. Asli



1 23

Your article is protected by copyright and

all rights are held exclusively by Australian

Ceramic Society. This e-offprint is for personal

use only and shall not be self-archived

in electronic repositories. If you wish to

self-archive your article, please use the

accepted manuscript version for posting on

your own website. You may further deposit

the accepted manuscript version in any

repository, provided it is only made publicly

available 12 months after official publication

or later and provided acknowledgement is

given to the original source of publication

and a link is inserted to the published article

on Springer's website. The link must be

accompanied by the following text: "The final

publication is available at link.springer.com”.



RESEARCH

The utilization of waste cooking palm oil as a green carbon source
for the growth of multilayer graphene

M. F. Malek1,2 & M. Robaiah1,2
& A. B. Suriani3,4 & M. H. Mamat5 & M. K. Ahmad6

& T. Soga7 & M. Rusop1,5
&

S. Abdullah1,2
& Z. Khusaimi1,2 & M. Aslam1,2

& N. A. Asli1,2

Received: 18 March 2019 /Revised: 7 October 2020 /Accepted: 18 November 2020
# Australian Ceramic Society 2020

Abstract
Waste cooking palm oil (WCPO) has been utilized as a green carbon source for the synthesization of graphene by double thermal
chemical vapor deposition. The WCPO was placed in the first furnace (precursor furnace) whereas nickel was placed in the
second furnace (deposition furnace). The deposition temperatures were varied between 850 and 1100 °C. Raman results reveal
the highest 2-D peak for the sample synthesized at 1000 °C, which indicates the high-quality formation of graphene. Besides, the
sample also shows good crystallinity with a sharp peak at 26.8° which represents the hexagonal graphite structure and the
introduction of graphene sheet formation. On the other hand, the FESEM image displays hexagonal structures since the graphene
layers were formed after the precipitation of the carbon.Meanwhile, the UV-Vis result shows the highest reflectance in the visible
light region which indicates the presence of the graphene layer on Ni.

Keywords Palm oil . Graphene . Nickel . Multilayer . Carbon

Introduction

Decades ago, rapid development of large-area and high-
quality graphene to enhance the performance of electronics
and optoelectronic devices has been investigated. In the mean-
time, the graphenes are capable candidates that can be fabri-
cated in large quantities with low-cost with respect to existing
carbon nanotubes [1–3]. Graphene is a two-dimensional ma-
terial with a special band structure that has received tremen-
dous attention due to its extraordinary properties and enor-
mous potential for various applications like large specific sur-
face area, ultrafast carrier mobility, mechanical flexibility,

high thermal conductivity, optical transparency, etc. [4].
Various research groups have reported on the preparation of
graphene using various carbon precursors such as methane,
acetylene, benzene, xylene, toluene, etc. However, these car-
bon precursors are related to fossil fuels and might cause
problems in terms of scarcity of resources in the future.
Therefore, it is crucial to develop graphene using green
sources and cheap materials as alternatives especially for
big-scale production. Some research groups have synthesized
graphene with the help of some metal catalysts using natural
and waste hydrocarbon source precursors such as camphor,
sesame oil, palm oil, tea tree extract, and solid plastic waste.
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Sharma et al. synthesized a single-layer and bilayer
graphene on nickel foil using solid camphor as a carbon
source by the chemical vapor deposition (CVD) process in
hydrogen and argon gas atmosphere [5]. They reported that
the graphene layers grown with the mixture of Ar/H2 gas
show a larger size compared with those grown with single
Ar gas. Besides, they also confirmed that the annealing pro-
cess of Ni enhances the properties of graphene due to better
coordination of segregated carbon from camphor. Sesame
oil is another carbon source extracted from sesame seeds
that has been used by Kumar et al. to produce graphene on
SiO2 substrate by the spray pyrolysis technique [6]. The as-
synthesized graphenes show the formation of 6–8 layers of
GNSswith nomore functional group attached on the surface
as confirmed with the FTIR spectra. They also reported that
the growth of graphene is dependent on the temperatures
inside the tube. On the other hand, Salifairus et al. was
successfully synthesizing few layers of graphene by the
CVD method using commercial palm oil from the existing
market as a carbon source [7]. They studied the growth of
graphene at deposition temperatures between 800 and
1100 °C. They optimized their sample at 900 °C and found
that this parameter plays an important role to obtain a good
quality of graphene. On the other side, Jacob et al. had suc-
cessfully produced high-quality graphene films on silicon
substrates using an extract from tea tree plant by the low-
cost simple plasma-assisted CVD method without any cat-
alyst [8]. This vertically oriented graphene has a high sur-
face area and long edges provide unique functionalities.
However, no significant changes were observed on the
graphene beyond 4 min of the deposition process.
Nonetheless, Sharma et al. synthesized a high-quality sin-
gle-crystal graphene on Cu foil using solid waste plastic by
the CVD method under Ar/H2 gas at the temperature of
1020 °C [9]. The graphenes are uniformly distributed all
over the Cu foil with a size of 100 μm and increase with
the growth time. Besides, they reported that the growth of
single-crystal graphene is strongly influenced by the injec-
tion rate of decomposed polymeric components generated
during pyrolysis of plastic waste. On the other hand, the
bilayer graphene crystals were produced at higher injection
rate.

Palm oil, referred to as the oil extracted from the fruits of
the oil palm tree (Elaeis guineensis jacq.), is edible plant oil
that is naturally reddish as it contains high amounts of beta-
carotene [10]. In Malaysia, palm oil has been usually used as
cooking oil compared with other oils (canola oil, peanut oil,
sunflower oil, soybean oil, olive oil) [11]. The palm oil pro-
duction in this country has reached 5.0 million tonnes in 1980
and the market demand has increased up to 11.0 million
tonnes which is greater than 50% compared with previous
decades. The number has kept growing to 21.8 millions
tonnes by the year 2000 [12]. Malaysia has produced 17.7

million tonnes on 4.5 million hectares of land, thus making
Malaysia the second-largest producer and exporter of palm oil
in the world after Indonesia during this period [13]. However,
“waste cooking palm oil” (WCPO) is one of the pollutions that
affect the aquatic life where it is normally discharged into the
river system. WCPO refers to re-used oil which is commonly
just thrown away or no longer viable for its intended use. The
disposal of WCPO is quite challenging due to their physical
form, which exists in a semi-liquid or semi-solid form.
Usually, most people will just pour the waste into the kitchen
sink, drain, and watercourse [14]. In an effort to make this
material benefical, a process called transesterification was ap-
plied on the WCPO to produce a biodiesel. The optimum
conditions for biodiesel production (oils/methanol ratio and
concentration of catalyst) are inconsistent which strongly de-
pend on the properties ofWCPO [15]. The most commonway
to produce biodiesel is by transesterification which refers to a
catalyzed chemical reaction involving triacylglycerol and an
alcohol, usually methanol, in the presence of a catalyst such as
potassium hydroxide (KOH) or sodium hydroxide (NaOH).
This reaction will transform the triacylglycerol to yield fatty
acid alkyl esters which is the biodiesel and glycerine which is
shown in Fig. 1 [16].

In the meantime, the use of WCPO will be economically,
environmentally beneficial and help to decrease human de-
pendence on non-renewable petroleum energy sources.
Lapuerta et al. discovered that the WCPO has a high carbon
content which is 76.95% compared with refined palm oil
(68.81%) [17]. Palmitic acid is a major component of palm
oil with a chemical formula of C16H32O2 and possesses 16
carbons in one chain. Meanwhile, the carbon content emerges
as the main component atom supply for graphene synthesis
[18]. According to Meesuk and Seammai, palmitic acid con-
tent that is present in used cooking palm oil is 6% higher
compared with unused cooking palm oil [19]. The hydrocar-
bon chain of waste cooking palm oil molecules that is

Fig. 1 Transesterification of triacylglycerol to yield biodiesel and
glycerine
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decomposed into smaller and lighter hydrocarbon is shown in
Eq. (1) below:

C55H100O6 þ H2O→COþ CO2 þ CxHy þ CxHyOz

þ H2Oþ OH● ð1Þ

where x, y, z > 1. Our mainmotivation in this paper is to utilize
the waste carbon source product as “green” alternatives and
cheap raw materials which is favorable for industrial-scale
production. In this experiment, graphene was successfully
synthesized using WCPO by the double thermal chemical
vapor deposition (DTCVD) process on nickel (Ni) substrate
at various deposition temperatures.

Experimental procedure

WCPO was obtained from refined domestic cooking palm oil
that has been used to fry chickens. Each frying cycle lasted
about 18 min at temperatures not exceed 180 °C. The oil is
constantly used until three frying cycles with the same amount
of chickens, time, and temperatures. It is knowledgeable that
graphene is made of pure carbon; hence, the WCPO was used
as the carbon source. The WCPO was filtered using the filter
funnel and filter paper to remove solid objects and precipitate.
Meanwhile, the substrate was prepared by cutting the Ni foil
into an area of 1 cm2; cleaned with acetone, ethanol, methanol,
and deionized water; and finally dried. DTCVD was used to
synthesize graphene. An alumina boat containing waste
cooking palm oil was placed at a distance of 15 cm from the
center point of the tube in the first furnace. Ni substrate was
placed on the alumina boat at a distance of 15 cm from the
center point of the tube in the second furnace. Argon gas was
flown for 10min at 200 sccm to flush out any impurities inside
the quartz tube and to give an inert atmosphere for the depo-
sition purpose. The temperature of the precursor was fixed to
350 °C and the deposition temperatures varied from 850 to

1100 °C. The synthesis process took 15 min and then the
sample was cooled down to ambient temperature. Based on
the accepted growth mechanism on Ni, graphene was formed
on the Ni surface as a result of the segregation and precipita-
tion of the carbon atoms on the substrate during cooling. The
corresponding process is shown in Fig. 2. The Raman spectra
were measured using Raman spectroscopy with Ar laser op-
erating at 514 nm as the excitation source (Horiba Jobin
Yvon-79DU420A-OE-325) to detect the graphene since it is
very sensitive to geometric structure and bonding within mol-
ecules for different allotropes of carbon. The crystal structure
properties and phases of the prepared graphenes were investi-
gated by using an X-ray diffractometer (XRD; Shimadzu-
6000) with Cu-Kα radiation, λ = 1.5405. The beam voltage
and beam current were 30 kV and 20 mA, respectively. The
morphological properties and composition analysis were in-
vestigated by field emission scanning electron microscopy
(FESEM; JEOL JSM-7600F) while the surface topography,
hexagonal pattern, and uniformity of grown graphene were
examined by atomic force microscopy (AFM; XE-100 Park
System). On the other hand, the optical measurements of the
samples were carried out using a UV-visible-near-infrared
spectrophotometer (UV-Vis-NIR; Varian Cary 5000) within
the range from 200 to 800 nm at room temperature to deter-
mine the structure of the sp2- and sp3-hybridized carbon
atoms.

Results and discussion

Raman spectra and analysis of the graphene film were shown
in Fig. 3 and Table 1. The graph shows the informative Raman
bands of graphene are in the range from 500 to 3000 cm−1.
The Raman spectrum of graphene is known to be very sensi-
tive to the number of atomic layers and degree of structural
disorder or defects [20]. All the spectra show the three major
Raman peaks for graphene, which are the D, G, and 2-D
peaks. The D peak is located at around 1350 cm−1 that is
caused by a disorder in sp2-hybridized structure of graphene.

Fig. 2 Schematic diagram of graphene preparation at different temperatures
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The presence of disorder in sp2-hybridized structure results in
resonance Raman spectra. Meanwhile, the G peak which is
located at about ~ 1583 cm−1 is due to E2g symmetry phonons
at the center of the Brillouin zone (Γ-point). The G peak arises
from the C–C bond stretch which highly sensitive to strain
effects in the sp2 system, and thus can be used to probe mod-
ification on the flat surface of graphene [21].

As shown in Fig. 3(b), the D band is seen at ~ 1347 cm−1

and the G band at ~ 1589 cm−1. The D band is quite intense
and broader because of the higher level of disorder of the
graphene layers [22]. These happened due to the oxygenation
of graphite, which results in the formation of sp3 carbon
atoms. Besides, the D band in the graphene layer is broadened
as a result of the degradation of in-plane sp2, reduction in the
size of the sp2 domains by the creation of defect, vacancies,
and distortions during oxidation [23]. The D to G band inten-
sity ratio of ID/IG helps in determining the defect density in the
graphene films [20]. It reveals that the D and G bands of
graphite are sharper and more intense as the deposition tem-
perature increases up to 1000 °C [24]. After that, both the D

band and G band is shifted to a lower intensity. As the tem-
perature rises, the intensity of ID/IG is clearly decreasing with
the increment in deposition temperature. This indicated a bet-
ter formation of graphene and reduction of defects.

In the meantime, the second-order band occurring between
2500 and 2800 cm−1 has been referred to as double resonance
which is the 2-D peak. The shape of the 2-D band and the ratio
of I2D/IG is an important parameter to identify the number of
atomic graphene layers, n from n = 1 to approximately n = 7
[25]. The presence of the 2-D peak in the Raman spectra of
graphene is sensitive to the number of graphene atomic layers.
The ratio I2D/IG of the intensity of the bands 2D and G is
dependent on the number of graphene layers [26, 27]. The
ratio I2D/IG ∼ 2–3 is for monolayer graphene, 2 > I2D/IG > 1
for bilayer graphene and I2D/IG < 1 for a multilayer one.
Based on the ratio I2D/IG of Raman spectra, it can be conclud-
ed that the graphene films grown on the Ni foil are multilayers.
Besides, the less intense and broad 2-D peak confirmed the
formation of multilayer graphene [25]. The graphene films
grown at 1000 °C have a higher ratio I2D/IG compared with

Fig. 3 Raman analysis of
graphene at different deposition
temperatures (a) blank Ni, (b)
850, (c) 900, (d) 950, (e) 1000, (f)
1050, and (g) 1100 °C

Table 1 Raman peaks of the graphene layer at different deposition temperatures

Sample D band G band 2D band ID/
IG

I2D/
IG

Position (cm−1) Height Position (cm−1) Height Position (cm−1) Height

(a) Blank Ni – – – – – – – –

(b) 850 °C 1347 259.17 1589 294.96 2690 101.06 0.88 0.34

(c) 900 °C 1353 28.65 1581 449.28 2721 124.42 0.06 0.28

(d) 950 °C 1356 81.67 1582 479.37 2724 164.05 0.17 0.34

(e) 1000 °C 1357 89.64 1583 552.76 2724 192.59 0.16 0.35

(f) 1050 °C 1363 21.99 1581 389.23 2724 121.06 0.05 0.31

(g) 1100 °C 1362 23.32 1581 449.28 2724 124.42 0.05 0.28
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other graphene films. These results show that the DTCVD
temperature of 1000 °C is the optimum temperature for grow-
ing good-quality graphene films on the Ni foil surface. As the
deposition process reaches an optimum temperature, the G
band tends to become narrow and symmetric. This result re-
flects an optimum temperature for carbon giving rise to rela-
tively good crystallinity. However, the presence of the defect
still exists at 1000 °C due to the non-sp2 bond formation of C
atoms. At higher growth temperatures, the reconstruction of
Ni grain boundaries occurs and hence created a rough surface,
which is expected to contribute to the formation of multilayer
graphene and small graphite crystallite [28]. It was found that
the number of graphene layers is sensitive to the growth tem-
perature. The polycrystalline Ni leads to a higher percentage
of multilayer graphene due to the presence of grain bound-
aries. For example, Lee et al. observed that the grain

boundaries can be the nucleation sites for multilayer graphene
growth [29].

The XRD pattern in Fig. 4 showed good agreement with
the crystalline phases (fcc) according to the alloy composition.
The peaks at 44.4, 54.5, and 77.2° show the pure Ni phase
corresponding to (111), (200), and (220) crystal planes that
match the patterns [JCDPS No. 00-001-1266]. In addition, the
peak at 26.4° corresponds to the diffraction peaks of graphitic
structure [JCPDS No. 41-1487] [30]. As can be seen, the
observed XRD peaks at sample Fig. 4a indicate the presence
of Ni phase whereby no graphite phases have been detected.
Meanwhile, Fig. 4b shows a very low-intensity peak that ap-
peared around 26.8° which indicates the distorted graphite
structure, thus suggesting the introduction of the formation
of graphene sheet [31]. At the lowest deposition temperature,
the nucleation process occurred slowly which unfavorably
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Fig. 4 XRD patterns of graphene
from a 10–90° and b 25–30° at
different deposition temperatures
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creates less Ni nucleation sites for graphene to incorporate into
the Ni matrix. On the other hand, increasing the graphene/
carbon apparently increased the peak intensity of (002) due
to the increment of the deposition temperature [32]. As shown
in the diffractogram, the sample at 1000 °C of deposition
temperature possesses good crystallinity with a sharp peak at
26.8° which represents the characteristic peak of the (002)
plane in hexagonal graphite [33]. The peak (002) observed
at 2θ = 26.8° corresponds to the d-spacing of about 0.34 nm
which is associated with a good arrangement of the interlayer
distance of graphene as reported by previous studies [34, 35].
A small peak in the 2θ range of 20–30° arose due to the C
(002) peak present in graphene which indicates a short-range
order of the carbon atoms as claimed byVinayan et al. [36]. At
this temperature, the peak intensity gradually increased due to
the rapid reduction of Ni ions and increment of the nucleation

orientations on both (111) and (200) planes [32]. The peak
intensity of (200) is notably higher than (111) with the intro-
duction of graphene onto the Ni deposition process as it might
alter the pattern of preferred orientations, crystal orientation,
and growth behavior [37]. Further extending the deposition
temperature beyond an optimum temperature has resulted in
the disappearance peak at 26.8° as observed in Fig. 4b (v, vi)
which indicates decrement of grain size and surface roughness
with low intensity of graphene. In fact, Ni reduction occurred
rapidly under higher temperature conditions leading to the
agglomeration of graphene and less aggregate of graphene
notably engulfed/penetrated into the Ni matrix [32].

The surface morphology of deposited graphene was ob-
served by FESEM in Fig. 5 with a magnification of 5 k at
different deposition temperatures. Figure 5a represents the
surface morphology of blank Ni foil. As can be seen, the

1 μm
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1 μm
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1 μm
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Fig. 5 FESEM images of
graphene at different deposition
temperatures a blank Ni, b 850, c
900, d 950, e 1000, f 1050, and g
1100 °C
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deposition temperature has a significant effect on the surface
morphologies of graphene. In Fig. 5b, the film which is de-
posited at 850 °C showed the dark fragments and wrinkles are
graphitic-like carbon fragments [38]. This phenomenon could
have resulted from the segregation of C2H2 being too quick,
hence reduced the carbon particle covered the Ni surface. The
image revealed in Fig. 5c demonstrates hexagonal shapes that
are not perfectly grown with larger bright particles which are
considered porous structures on the surface of the sample.
This phenomenon occurs due to low segregations of carbon
atom on the Ni surface and when no in situ hydrogen plasma

posttreatment is performed [20]. The experimental results
show that the increase in deposition temperature up to
950 °C produces thinner multilayer graphene on transition
metals. At this temperature, the wrinkles and coarser, com-
pact, and hexagonal shapes were found within the multilayer
graphene, resulting in dislocation and distortion. Moreover,
the multilayer graphene is not ideally smooth, which might
be caused by the crack phenomenon during the growth pro-
cess. Zhang and Feng had emphasized that keeping the in-
crease in the substrate temperature probably would result in
the good quality of graphene [39]. At the optimum deposition

Fig. 6 EDX analysis of graphene
at different deposition
temperatures a blank Ni, b 850, c
900, d 950, e 1000, f 1050, and g
1100 °C
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temperature as shown in Fig. 5e, hexagonal-like shapes were
formed indicating the formation of graphene layers after seg-
regation of carbon atom on the Ni surface, which would clar-
ify the precipitation phenomenon [38]. It can be observed that
the carbon atoms accumulate along the grain boundaries,
which represent the high curvature and high density of atomic
steps at the boundaries [40]. Besides, the visible wrinkles and
folding effect that were observed might be related to the stress
release from the deviation of the thermal expansion

coefficients between the Ni and graphene [41]. Besides, the
formation of wrinkles is attributed to the slow diffusion rate of
the carbon atom through the grain boundary. An interesting
feature to be highlighted is that the wrinkle density decreased
as the deposition temperature increase beyond the optimum
temperature [35]. The analysis from the grain boundaries after
graphene growth reveals the nucleation sites are multilayer
graphene. The rise in deposition temperature leads to the
change of shapes and different densities as shown in Fig. 5f.

a b

c d

e f

g

Fig. 7 AFM tophography of
graphene at different deposition
temperatures a blank Ni, b 850, c
900, d 950, e 1000, f 1050, and g
1100 °C
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Meanwhile, with further increase in deposition temperature
above 1000 °C, the samples tend to degrade and being more
compact as shown in Fig. 5g. This is correlated to some voids
and cracks appeared on the surface. The quality and quantity
of graphene are strongly influenced by the deposition temper-
ature. Consequently, it should be noted that the growth tem-
perature is one of the fundamental core to be considered for
graphene formation.

The energy-dispersive X-ray (EDX) spectrum of graphene
film is shown in Fig. 6. The EDX spectrum shows the appear-
ance of carbon, oxygen, and nickel with different weight per-
centages. The appearance of these peaks in the EDXmeasure-
ment confirmed the existence of NiO and graphene [42]. In
addition, the presence of Ni and C which certify the incorpo-
ration of graphene in the nickel matrix during the deposition
process [32]. The EDX analysis in Fig. 6a shows the sample
consist of nickel element only with weight percentages 100%.
The EDX analysis from Fig. 6b revealed that the composition
in the films consisted of carbon, oxygen and nickel are 22.32,
9.26, and 68.38 wt% respectively. Figure 6 c–e shows the

increment of carbon weight percentage by increasing deposi-
tion temperature reach to the optimum. Stefanos Chaitoglou
and Enric Bertran revealed that lower nucleation and higher
growth rates can be achieved by varying the growth tempera-
ture at optimum condition [43]. The changes of oxygen peaks
qualitatively in EDX peaks confirm the low oxygen content of
the graphene films. This phenomenon could result from the
high degree of reduction of GO by increasing the growth
temperature [44].More interestingly, the control of the growth
temperature influenced the segregation of the carbon atoms on
the surface and forms six-atom rings. Upon the EDX results, it
is clearly proven that higher growth temperature will eliminate
the oxygen from the graphene [22]. At an optimum growth
temperature, the percentage of carbon atoms is highest which
is 49.75 wt% compared with other samples which are consid-
ered excellent anchoring sites for metal nanoparticles [41]. In
contrast, increasing the deposition temperature above the op-
timum point can result in the loss of oxygen atoms and de-
crease the weight percent of carbon atoms as shown in Fig.
6f, g. Besides, some defects can be generated during the syn-
thesis process on the Ni surface at a higher temperature [45]. It
can be concluded that the increase in deposition temperature
may result in low energies for hydrocarbon adsorption and
decrease the amount of carbon atom diffusion, thus allowing
multilayer graphene formation [46].

Figure 7 shows the level of exfoliation evaluated by AFM at
various deposition temperatures. Apparently, the surface of Ni
(111) shows a smooth appearance with almost no grain bound-
aries corresponding to the non-introduction of carbon source as
depicted in Fig. 7a. The AFM results showed the average surface
roughness changed from 67.507 to 29.601 nm with a deposition
temperature from 850 to 1100 °C respectively. Figure 7 b shows
the graphene started to nucleate and agglomerate where the
graphene is bonded to the diamond. The size of graphene crystals

Table 2 Average roughness topography of graphene layer at different
deposition temperatures

Samples Deposition
temperature (°C)

Roughness (nm) Standard error

(a) Blank Ni 20.099 –

(b) 850 67.507 0.553

(c) 900 63.292 0.442

(d) 950 54.084 0.315

(e) 1000 49.275 0.197

(f) 1050 28.859 0.225

(g) 1100 29.601 0.478

200 300 400 500 600 700 800
20

25

30

35

40

45

50

55

60

65

70

(b)

(c)
(g)
(f)

(d)

(e)

% ecnatcelfe
R

Wavelength (nm)

 (a) Blank Ni
 (b) 850 °C
 (c) 900 °C
 (d) 950 °C
 (e) 1000 °C
 (f ) 1050 °C
 (g) 1100 °C

(a)

Fig. 8 UV-Visible spectrum
results of graphene at different
deposition temperatures a blank
Ni, b 850, c 900, d 950, e 1000, f
1050, and g 1100 °C
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increases significantly with temperature, as the temperature in-
creases to 900 °C, the particle start to form coalescence and
hexagonal structure. Meanwhile, the sample in Fig. 7c shows
the topography of the underlying substrate with slightly de-
creased roughness. On the other hand, the graphene grain was
growing larger at 1000 °C. The grain size further increases when
it breaks the thermodynamic equilibrium of graphene growth. As
shown in Fig. 7d, it is clear that the process of increasing synthe-
sis temperature can yield continuous growth of graphene grains.
The continuous increase in the temperature reached the optimum
Fig. 7e and increased the density of active carbon-related radicals
on Ni and breaks the dynamic equilibrium at graphene edges.
Thus, this process results in continuous graphene growth [47].
Moreover, at this temperature, the carbon lattice in graphene has
strong and highly directional bonds. The segregation of carbon
atoms produces few layers of graphene on the top of the surface.
The final thickness of graphene is related to the amount of dis-
solved carbon into nickel and the diffusion and final segregation,
as well as nucleation on the surface [48]. In contrast, for AFM
images at a higher temperature (Fig. 7 f and g), the samples
revealed the topological defects between the two commensurate
phases that are called solitons and domain walls. These probably
might be due to molecular structures that store the “strain” im-
posed on the graphene layer of the nickel substrate/graphene
structure [49]. The change of roughness attributed to the grain
boundary between graphene and nickel substrate [50]. By con-
trolling the surface roughness of the nickel substrate, it can result
in the tunable adhesion of graphene [48]. The variation in aver-
age roughness is presented in Table 2. Hence, it is concluded that
all these processes strongly depend on temperature.

The reflectance of graphene at various deposition tempera-
tures was depicted in Fig. 8, which is important to indicate the
formation of graphene on the Ni substrate. Figure 8 a shows the
Ni foil substrate before the formation of graphene as a

comparison. No obvious peak was observed at a wavelength of
230 nm. The percentages of reflectance at 850 °C show a weak
peak which is 34% as a high shoulder at 250 nm. At this tem-
perature, the shift of the UV peak occurred due to the hydroge-
nated amorphous carbon grains [51] and the graphene size
growth. Through the AFM result, at this temperature, the
graphene just started to agglomerate and not fully grown yet.
The UV-Vis spectra reveal that the samples at different synthesis
temperatures show a different reflectance percentage. As synthe-
sis temperature increases, carbon reflected more excitation ener-
gy of carbon atom since graphene has transparency characteris-
tics. In other words, the introduction of the high addition amount
of graphene carbon atom led to shielding of the active sites on the
catalyst surface and also rapidly increased the intensity of light
reflected on the sample, which could be called a “shielding ef-
fect” [52]. Sample at 1000 °C showed an optimum reflectance in
the entire visible light region. From the results, a peak around at a
wavelength of 230 nm becomes suddenly obvious and sharp-
ened. This phenomenon occurs when the sample was exposed
to UV light where the atomic structure of the sample becomes
excited. Hence, the excitation result is reflected and gathered in
the form of a spectrum [53]. This kind of characteristic features
was observed in these spectra to identify graphene. The charac-
teristic feature appears at the shape of a peak at 230 nm and
corresponds to π-π* plasmon peak [54]. In principle, the π-π*
band position is a carbon-based material that is related to the sp2/
sp3 character in which the growth of the graphene sp2 layers
occurs [55]. In contrast, the sample at high synthesis temperature
showed a decrease in reflectance. According toAgorku et al., this
is correlated to the bandgap excitation of the electron band to the
conduction band [56]. Thus, it is revealed that the decrease in
percentages of reflectance is caused by a conjugative effect relat-
ed to chromosphere aggregation that influences the π-π* plas-
mon peak [53]. Any experiment will aim to obtain a high yield of
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graphene. Thus, all samples were being run and repeated for few
times in order to determine its quality and also to check the
repeatability of the process. Figure 9 shows the average percent
yield and standard deviation of the graphene growth at various
deposition temperatures as tabulated in Table 2. The average
percentage growth of the graphene is highest at 1000 °C of
deposition temperature. Thus, the first interpretation from the
data analysis in Table 2 explained that 1000 °C of deposition
temperature could achieve good growth compared with others.
The standard error of all runs was in the range of 0.197–0.553.

Conclusion

Multilayer graphene films were successfully synthesized on
the Ni foil by the DTCVDmethod between 850 and 1100 °C.
The structure and quality of the graphene films were improved
with the increase in the deposition temperature. XRD analysis
reveals the presence of a carbon peak (002) at 26.8° which
indicated the existence of a smaller crystalline size of
graphene in a few layer structures. By controlling the growth
temperature at the optimum, AFM images at the temperature
of 1000 °C form coalescence and hexagonal structure which
indicated that the graphene layers were successfully
established since the precipitation of carbon has been complet-
ed. Consequently, this study has successfully demonstrated
that utilization of waste cooking palm oil as the carbon source
for the fabrication of graphite is possible. This opens a prom-
ising way for application of graphene films in gas detectors
and sensors. In the meantime, using these sources as a precur-
sor can reduce the cost and consumption of limited fossil
fuels.
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