A High Potential of Biomass
Leaves Waste for Porous
Activated Carbon
Nanofiber/Nanosheet as
Electrode Material of
Supercapacitor

by Rika Taslim

Submission date: 07-Dec-2020 10:44AM (UTC+0700)

Submission ID: 1466959925

File name: Apriwandi_2020_J. Phys. Conf._Ser._1655_012007.pdf (1.25M)
Word count: 3777

Character count: 21854



g\zlc SE 2020 IOP Publishing
ournal of Physics: Conference Series 1655(2020) 012007  doi:10.1088/1742-6596/1655/1/012007

A High Potential of Biomass Leaves Waste for Porous
Activated Carbon Nanofiber/Nanosheet as Electrode Material
of Supercapacitor

Apriwandi', Agustino', Erman Taer"", Rika Taslim>™

! Department of Physics, University of Riau, 28293 Simpang Baru, Riau, Indonesia
~ Departement of Industrial Engineering, State Islamic University of Sultan Syarif Kasim,
28293 Simpang Baru, Riau, Indonesia

. : R

erman.taer (@lecturer.unri.ac.id
e, = . .

rikataslim@lecturer.unri.ac.id

Abstract. Since porous carbon materials derived from biomass, with low cost, abundant and
sustainable, relatively easy fabrication, high electrical conductivity, large specific surface area
(SSA), surface morphology with nanomaterial structures, and superior electrochemical stability
have attracted attention which are strong and highly trusted to be a candidate for the electrode
material of supercapacitor energy storage. This study highlighted recent laboratory-scale
methods for preparing activated carbon nanostructures from leaves biomass wastes. Four types
of focused leaves waste including acacia leaves, pineapple leaves, and Terminalia catappa
leaves (TCL), and Pandanus tectorius leaves (PTL). Leave wastes were converted into
activated carbon by KOH activation and one-stage integrated pyrolysis both of carbonization
and physical activation. Symmetric supercapacitor electrode ware performed with sandwich-
type in monolith form without adhesive materials. Among the raw materials found in this
study, nanofiber structures dominated the surface morphology of carbon monolith, especially
in acacia leaves, pineapple leaves, and TCL. Interestingly, the same basic material of TCL
could perform two different nanostructures including nanofiber and nanosheet. In addition, the
percentages of carbon and oxygen contents in the sample were also provided. Furthermore,
supercapacitor cells exhibited the highest specific capacitance are activated carbon derived
from pineapple leaves as high as 150 F ¢ in 1M H,SO; aqueous electrolyte at a low scanning
rate of 1 mV s”. Finally, these results confirmed that leaves biomass wastes have high potential
as a raw material of activated carbon nanofiber/nanosheet structure to be applied in
supercapacitor electrodes.

1. Introduction E
The activated carbon nanostructures with various morphologies have attracted attention due to their
superior physical and chemical properties for applications such as supercapacitors [1], batteries ,
catalysis, and sensors. The main reasons for using activated carbon in various fields are its relatively
greater abundance, easier fabrication, lower costs, and negligible health and environmental hazards
[2,3]. The biggest source of activated carbon material is biofss due to high lignocellulose compound
which including hemicellulose, cellulose, and lignin [4]. The basic components of plant biomass
including cellulose, hemicellulose, lignin, plant protein, plant lipids offer a basic skeleton structure
and abundant functional groups for the carbons.

Biomass is converted to activated carbon through several steps such as carbonization, chemical
activation, and physical activation, or a combination of all three [5,6]. These steps could decompose
cellulose, hemicellulose, and lignin and evaporate volatile compounds to produce fixed carbon.
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Eemicellulose and cellulose are less stable in thermal decomposition compared to lignin and
contribute to low carbon yields [7]. However, the components of hemicellulose, lignin, and cellulose
contribute to fixed carbon porosity [4]. Interestingly these three components contribute to producing
nanostructures on activated carbon. Through thermal treatment, cellulose contributes to the structure
of nano/hollow fiber and nanotubes while hemicellulose and lignin exhibit nanosheet and nanosphere
structures [8-10]. These nanostructures play a role in providing micro, meso, and macropore
interconnections to increase the energy density of supercapacitors.

Till now, gZgny research articles have reported the potential of hiomass to obtain nanostructures in
biochar. Cai et al. reported nanosheet strucffle of activated carbon from the biomass material Moringa
oleifera stem waste. It exhibits a high surface area of 2250 m’ g' with hierarchically porous
nanosheets and exceptional specific capacitance of 283 F g [11]. A similar structure was also
reported by several researchers from different biomass wastes such as Helianthus annuus seed [12],
soybean milk [13], and corn cob ash [14]. They stated that the nanosheet contributes to providing
micro and mesopores interconnection and that it increases the performance of electrode material for
supercapacitors. Meanwhile, various biomass wastes demonstrate the existence of nanofiber structures
with extraordinary physical properties to support the performance of supercapacitor trodes. The
structure of nano/hollow fiber is performed on activa®) carbon Hexagonia apiaria with a specific
surface area of 1280 m” g This structure can increase specific capacitance from 171 to 324 F g ' [15].
A similar structure is also found in wheat-straw biomass [16] and banana stem [17]. Other
nanostructures such as nanotubes and nanosphere have also been reported from biomass origin
materials of Areca nut seeds [18] and Areca catechu husk [19]. However, all of these nanostructures
are obtained by complex methods, multi-step processes, and the addition of synthetic materials,
mnposites, metal frameworks, and templates. In addition, not all biomass displays nanostructure in
activated carbon material. Therefore, it is necessary to know the biomass criteria that allows producing
nanostructures with a simple method and does not require the addition of other synthetic materials.

In this study, we review the potential of biomass leaves wastes as nanostructured activated carbon
as electrode material for supercapacitors. Different leaf wastes have been selected such as acacia
leaves, Pandanus tectorius leaves, Terminalia cattapa leaves, and pineapple leaves. Preparation of
activated carbon is carried out as simple as possible and does not use composite materials, polymers,
metal frameworks or templates. Pure leaf waste is pyrolysis and chemically activated. One-stage
integrated pyrolysis was chosen for the carbonization and physical activation. In addition, activated
carbon is tested in the form of monoliths/pellets without the addition of adhesives such as PTFE or
pVdF. The results of this review indicate the high potential of leaf waste to produce nanostructured
activated carbon with a more efficient and effective method for supercapacitor electrode material.

1

2. gflaterials and Methods

The preparation of activated carbon nanostructures made from leaves waste is focused on four
different types such as acacia leaves, Pandanus tectorius leaves (PTL), Terminalia cattapa leaves
(TCL), and pineapple leaves. All leaves wastes were collected from the Pekanbaru area. The
convemi process consists of three main steps, including (i) initial treatment, (ii) chemical activation,
and (iil) one-stage integrated pyrolysis both carbonization and physical activation. (i) Initial treatment
began with the collection, cleaning, and drme of the raw material. Subsequently, the sample was pre-
carbonized in a vacuum oven for 2.5 hours at a temperature of 250 °C. The pre-carbonized sample was
converted in powder through a grinding process. The sample powder was sieved to obtain a uniform
particle size <53 microns. (iii) Chemical activation is focused on the KOH activator agent with
relatively varying concentrations, as previously reported [20-23]. KOH activated sample powder was
converted in the form of a monolith/pellet using a hydraulic press without the addition of an adhesive
material. (iii) One-stage integrated pyrolysis was chosen as a pyrolysis process that could combine
carbonization and physical activation processes. This method is considered more effective and
efficient in producing fixed carbon through carbonization and activation. A total of 20 carbon
monoliths are inserted into the furnace e. Furthermore, carbonization is initiated at room
temperature until it reaches a maximum temperature of 600 °C in an N, gas environment then
followed by physical activation to a high temperature in a CO, gas atmosphere for 2.5 hours. Finally,
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carbon monoliths are neutralized using distilled water. In detail, the scheme for preparation of
activated carbon monoliths is shown in Figure 1.

ey

KOH activation convert into monolith form

C,0Gas

N, Gas

One-stage integrated pyrolysis

Pandanus tectorius |leaves

Activated carbon nanostructures

Figure 1. Schematic preparation gamivatm carbon nanostructures

The electrochemical behavior of activ: carbon monoliths were evaluated using the cyclic
voltammetry method. Supercapacitors are assembled in the sandwich form consisting of carbon
nanostructured electrodes, separators, and electrolytes. The two-electrode system was selected to test
the specific capacitance due closer to the real value than the three-electrode system. The electrolyte
used is 1 Nm2804 aqueous electrolyte with a duck eggshell membrane as a separator. Specific
capacitance, energy density, and power density are evaluated based on standard equations.

3. Results and Discussion
Surface morphology is the main review for evaluating nanostructures on activated carbon monoliths
for supercapacitor electrodes. The various nanostructures display different electrochemical activity
d surface area for supercapacitor electrodes, including EDLC and pseudocapacitors. The variations
in the nanostructure of activated carbon derived from biomass materials are influenced by raw
materials, activating agents, and pyrolysis treatment to convert them to carbon fixed [7]. In general,
biomass materials contain cellulose, hemicellulose, and lignin [4], which have the potential to develop
into nanomaterial structures, including carbon nanosheets, nanofibers, nanotubes, and nanosphere.
These structures provide natural heteroatom pores which benefit pseudocapacitive behaviour. The
KOH activator is impregned into the raw material to make porous carbon. The KOH activation
process is carried out in one-stage integrated pyrolysis both carbonization and physical activation.
During carbonization, low volatile molecular weights such as oxygen, nitrogen, and hydrogen are
transformed into tar in the gas phase, which leads to the rearrangement of carbon atoms. Furthermore,
physical activation in high temperatures facilitates the development of pores through the gasification
reaction between char and CO». Moreover, carbonization and physical activation in high temperatures
facilitate the etched of lignocellulose compounds including hemicellulose, cellulose, and lignin. These
three compounds contribute to providing nanostructures on activated carbon.
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Figure 2. (a) SEM micrograph of acacia leaves, and (b) SEM micrograph of pineapple leaves

Acacia leaves show a surface morphology that is rich in nanofiber. Different physical activation
temperatures indicate varying fiber densities. Acacia leaves were activated at a temperature of 8§50 °C
showing high nanofiber density with a diameter around of 62-124 nm, see Figure 2(a). Furthermore,
hollow fiber is also found in the morphology structure. The combination of nanofiber and hollow fiber
makes it possible to provide numerous active pores for the diffusion of electrolyte ions on the
electrode surface [24,25]. A similar morphology is also demonstrated by activated carbon monoliths
derived from pineapple leaves that are physically activated at the same temperature of 850 °C which
shown in Figure 2(b). The nanofiber diameter is relatively smaller around of 56-103 nm than acacia
leaves. This is indicated that the physical activation at high temperatures, especially 850 “C, could
decompose lignin and hemicellulose in cellulose in leaves biomass which contributes to producing
activated carbon with nanofiber structures. In another study, the activated carbon of pineapple leaves
performed nanosheet structures with open channel pores, as reported by Sodtipinta et al. [26,27].

Unlike Terminalia cattapa leaves (TCL) in Figure 3(a) and 3(b), activated nrbon made from
Terminalia cattapa leaves showed an interesting combination of nanostructures. At a carbonization
temperature of 500 °C, TCL actjmated carbon features a nanofiber structure with a larger diameter
aroundeaf 35-230 nm. However, at a higher carbonization temperature of 700 °C, nanosheets appear
on the surface morphology of the activated carbon, see Figure 3b. It is possible that the carbonization
temperature affects the decomposition of lignocellulose complex compounds and decomposes the
cellulose and lignin, and evaporates hemicellulose. Cellulose is eroded at 500 °C giving rise to
nanofiber structures. The application of higher carbonization temperatures around 700 °C could
decomposes nanofibers and it’s followed by erosion of lignin. This erosion of lignin is continued in
the physical activation in high-temperature of 850 “C which allows the formation of nanosheets in
activated carbon monoliths. The same analysis was also conveyed by several previous studies [11,28].
However, Monolithic activated carbon from Pandanus tectorius leaves does not show nanostructures
on surface morphology. Although Pandanus tectorius leaves biomass is imr‘egnatmwith KOH and
carbonization and physical activation at the same temperature, as shown in Figure 3(c).
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Figure 3. (a) SEM micrﬂraph of TCL in carbonization temperature of 500 °C, (b) SEM micrograph
of TCL in carbonization temperature of 700 °C, and (b) SEM micrograph of PTL

Moreover, Leaves wastes were prepared by the one-stage integrated pyrolysis and KOH activation
has succeeded in obtaining relatively high carbon monoliths, as shown in table 1. In general carbon
content is greater than 90% except TCL. These results confirmed that the one-stage integrated
pyrolysis method is very effective to be used to convert leaves waste into carbon monoliths for
electrodes supercapacitor. Furthermore, the samples also showed oxygen at low concentrations in the
range of 3.50-13.49%. As well known, leaves biomass wastes, especially acacia leaves, pineapple
leaves, PTL, and TCL are known to contain functional groups with a combination of carbon and
oxygen, including phenol (C-OH), Quinone (C=0) or ether (COC), and carboxylic groups (COOH). In
the pyrolysis process, oxygen is released due to low molecular weight an or thermal stability [29].
However, higher oxygen content could be to increase the wettability and ditfusion of electrolyte ions
into the electrode pores [30].

Table 1. The percentages of carbon content and oxygen content for different leaves biomass waste

Raw material Carbonization  Chemical Physical activation C 0] Refs
(°C) givation (°C) (%) (%)

Acacia leaves 600 .5 M KOH 850 92.62 4.57 [20]

Pineapple leaves 600 1 mar‘bon:KOH 850 94.62 426 [22]

PTL 600 8§ M KOH 850 9493 3.50 [21]

TCL 700 0.5 M KOH 850 7449 1349 [23]

The specific capacitance of activated carbon nanofiber/nanosheet for supercapacitor cells derived
from leaves biomass wastes were shown in Table 2. The specific capacitance was evaluated by using
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cyclic voltammetry method in two-electrode system at low scanning rate of 1 mV s”'. All monolith
samples were prepared without any adhesive materials such as pVdF and PTFE. In general, activated
carbon monoliths with nanofiber structures shfJ the higher specific capacitance of the 4 leaves
biomass types reviewed. Pineapple leaves have the highest capacitance of 150 F g and followed @y
acacia leaves of 113 F g”'. Nanofiber structure makes it possible to provide active pores suitgflle for
ion diffusion at the electrode/electrolyte interface. However, TCL exhibited an increase in specific
capacitance from 25 F g" to 45 F g" by changing the structure of nanofiber to nanosheet. Nano-scale
sheet structures such may increase open surface area, facilitate the diffusion of electrolyte ions in
sheet-to-sheet, and offer more active sites to form electric double layers. These results confirmed that
these nanostructures changes could affect the performance of supercapacitor electrodes. Based on this
analysis, the leaves biomass wastes is potential for activated carbon with nanostructure especially
nanofiber and nanosheet as raw material for symmetric supercapacitor electrode.

Table 2. The specific capacitance of activated carbon electrode derived from various biomass
sources

Biomass sources Nanostructures Electrode Electrolyte  Electrode Csp Refs
Fem P form (Fgh)

Acacia leaves Nanofiber -electode M H,SO; Monolith 113 [20]

Pineapple leaves  Nanofiber 2-electode 1M H,SO; Monolith 150 [22]

TCL Nanofiber 2-electode 1M H,SO; Monolith 25 [23]

TCL Nanosheet 2-clectode 1M H,SO; Monolith 54 [23]

PTL - 2-electode 1M H.SO; Monolith 36 [21]

4. Conclusion

It is clear from the results of this study that leaf wastes, especially acacia leaves, pineapple leaves,
terminalia catappa leaves, and Pandanus tectorius leaves have the potential to be activated carbon
monoliths with nanofiber/nanosheet structures d as a consequence have improved supercapacitor
electrical performance. The KOH activation in one-stage integrated pyrolysis both carbonization and
physical activation successfully converted biomass leaves wastes to activated carbon monolith with
nanofiber/nanosheet structure. Nanofibers were dominated of 90% of activated carbon monolith of
four different leaves wastes such as acacia leaves, pineapple leaves, and TCL except PTL.
Interestingly, TCL performed two nanostructures at once including nanofiber and nanosheet.
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