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Abstract. The addition of zinc oxide (ZnO) as impregnation for activated carbon (AC) with the 
hydrothermal method has been performed in this research. Vetiver distillation waste has been used as 
a precursor for activated carbon synthesized with pyrolisis methods. Carbon is activated by a chemical 
process using KOH. Enhancement of amorph structure and function group by addition of zinc oxide 
has been characterized by Raman Spectroscopy, Fourier Transform Infra-Red (FT-IR), and X-Ray 
Diffraction (XRD). Furthermore, cyclic voltammetry (CV) and galvanostatic charge-discharge 
(GCD) has been done to show the electrochemical properties enhancement of the ZnO/AC compared 
to pristine AC. At the current density of 1 A/g, the specific capacitance of VRW-ACM has a value of 
277 F/g. After the impregnation process, the specific capacitance of VRW-ACM-ZnO has been 
improved by 44.4% compared to VRW-ACM. The result showed that the activated carbon-based 
vetiver root waste impregnated with ZnO has the potential to be applied as supercapacitors electrodes. 

Introduction 
Nowadays, the use of electric vehicles is increasing rapidly. This development is also in line 

with the rapid distribution of electrical energy. Public electric vehicle charging stations are 
increasingly needed all over the globe. However, many charging stations in developing countries still 
rely on fossil fuel resources. In the future, solar cell-based charging stations will become promising. 
Solar cell-based charging stations require storage devices with a large power density and fast charge-
discharge times. Supercapacitors are considered suitable to answer these needs [1]. Supercapacitors 
have been widely developed as electrical energy storage. The advantages of supercapacitors are high 
life cycle, high specific power delivery, and fast charge-discharge compared to batteries. 
Supercapacitors have the drawback of small energy density. Increasing energy density can be done 
using electrode materials with high capacitance, and optimizing the supercapacitor structure [2]. 
Electrode materials are one of the main factors for determining the performance of supercapacitors 
and have become the focus of ongoing research. Activated carbon is the most widely studied to be 
used as a supercapacitor electrode material. Especially in developing environmentally friendly 
activated carbon materials, one of which is biomass-based. The highest specific capacitance value 
was recorded at 374 F/g from activated carbon-derived biomass [3]. Vetiver root waste is one of the 
biomasses that has the potential to be converted to activated carbon (AC) as electrode material due to 
its high cellulose (43%) and lignin (37.8%) content. Previous research shows the potential of activated 
carbon based on vetiver root waste to be applied as an electrode due to its high surface area of  
552.9 m2/g [4]. Of the many metal oxides used to improve the electrochemical performance of 
electrode materials, ZnO has attracted much researchers because it has large theoretical capacitance 
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values (0.5 A/g current density or 340 F/g). ZnO is low in price, environmentally friendly, and easy 
to obtain. [5]. Previous studies by Li et al. obtained superior cyclic stability (99% in 1000 cycles) 
with the ratio of AC/ZnO = 1:2 [6]. This study used vetiver root waste as a supercapacitor electrode 
with zinc oxide impregnation to utilize vetiver root waste. This study used characterization and 
electrochemical analysis such as FTIR, XRD, Raman Spectroscopy, CV, and GCD. Thus, this study 
is expected to produce materials with high specific capacitance so that they can become an alternative 
to supercapacitor electrode materials. 

Material and Method 
Materials. Pottasium hydroxide (Merck), Zinc Oxide (ROFA Laboratory Centre), Sodium hydroxide 
(Merck), Sulphuric acid (Mallinckrodt), Nafion (Merck). All used regents were in analytic grade. 
Synthesis of Activated Carbon. Vetiver root waste is obtained from the essential oil home industry 
in Garut, West Java, Indonesia. All other reagents were analytical grade, and the solution was 
prepared using double-distilled water. Vetiver root waste is cleaned with water to remove the 
impurities and dried in the oven at 110°C for 24 h. Dry vetiver root waste is ground with a ball mill 
and filtered with 100 mesh. The powdered material was pre-carbonized for 1 h at 400°C in a muffle 
furnace to produce pyrochar [7]. The pre-carbonized powder was mixed with KOH at a mass ratio 
for C/KOH = 1:3. The mixture was activated in N2 to obtain the vetiver root waste-activated carbon 
at 800°C for 2 h. 
Synthesis of ZnO/Activated Carbon. The ZnO/AC composite was synthesized with the 
hydrothermal method. ZnO solution was made by dissolving 0.05 g ZnO powder in 120 ml double 
distilled water. 0.1 g of pyrochar was dispersed in ZnO solution and stirred for 30 min. Then mixer 
was transferred into a Teflon-lined autoclave with a volume of 200 mL and heated for 4 h at 150°C. 
After multiple washing with double distilled water, ZnO/AC composite was dried in the oven for 8h 
at 70°C, and the ZnO/AC sample was obtained. 
  

Characterization. Functional groups were analyzed by FT-IR Thermo Scientific iS5 in  
600-4000 cm-1 wavelength. Crystal structures were characterized by X-Ray Diffraction Olympus 
BTX II Benchtop using Co-Kα radiation and scanning speed of 0.5°/min. The defect of the material 
was determined by Raman spectra Horiba spectrometry (LabRAM HR Evolution Raman 
Microscope) at a wavelength of 532 nm and 1800 g/mm. 

 

Electrochemical Measurement. Active material (AC or ZnO/AC) as much as 1.6 mg were mixed 
with 0.5 ml of isopropanol and then sonicated for 15 min to form an ink. A 0.6 µl ink was dropped to 
a glassy carbon electrode and coated with 0.3 µl nafion. The complete method of the working 
electrode preparation can be seen in our previous report [8]. By using aqueous electrolyte Na2SO4 1 
M concentration, the three-electrode system was assembled with the reference electrode (Ag/AgCl), 
working electrode (glassy carbon), and counter electrode (Pt wire). Cyclic Voltammetry was 
measured within 5, 10, 20, 50, and 100 mV/s. GCD was measured within 0.5 to 10 A/g. 

Result and Discussion.  
The FTIR result (Fig.1) identified the O-H stretching functional group at wavenumber 3444 cm-1. 
This group was identified due to the presence of KOH activators that have not disappeared even after 
intensive washing [9], [10]. The O-H stretching group is also indicated by phenol commonly found 
in activated carbon [11]. The stretching C-H group was identified at wavenumber 2922 cm-1, and the 
intensity in the C-H group was not very significant due to activation at high temperatures [12]. The 
C=C stretching group was identified in wavenumber 1636 cm-1. This group also indicates the loss of 
the oxygen group due to high-temperature treatment [6]. For the VRW-ACM ZnO sample, the Zn-O 
group was not identified because the group was read on a wavenumber of 400 cm-1. Another thing 
that explains the absence of Zn-O is due to the low content of impregnation. At a ZnO: AC mass ratio 
of 0.5 grams, ZnO enters the pore and leaves no deposition on the surface, making it challenging to 
read FTIR [13]. 
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Fig.1. FTIR test result for VRW-ACM and VRW-ACM ZnO 

 
Raman analysis (Fig.2a) showed the presence of bands at 1349 and 1578 cm-1 indicating D-

band and G-band. The defect degrees of activated carbon samples (VRW-ACM) and ZnO-
impregnated activated carbon samples (VRW-ACM ZnO) were calculated by comparing the D-band 
and G-band intensities. The degree of defect of VRW-ACM and the VRW-ACM ZnO was calculated 
by comparing the D-band and G-band intensities as written in Fig.2. In the VRW-ACM ZnO sample, 
the ID/IG value decreased compared to VRW-ACM. This result indicates that graphite carbon levels 
are higher after adding ZnO. The higher degree of graphitization can result from the catalytic 
graphitization process, which usually occurs in carbon pyrolysis in the presence of metal oxide [14]. 
In these cases, zinc oxide leads to the conversion of carbon structure into the ordered graphitic 
structure. This shows in the low ID/IG value of VRM-ACM-ZnO compared to pristine VRM-ACM. 
These results correspond to previous tests comparing the impregnation of ZnO to activated carbon 
with commercial activated carbon increasing the crystallinity value [15]. In addition, there is no 
reaction to the impregnation of zinc oxide into activated carbon so that it does not damage the 
structure of the sample. The XRD result of activated carbon before and after ZnO impregnation can 
be seen in Fig.2b. The XRD pattern of VRW-ACM shows peaks at 26.58° and 44.26°, which is in 
agreement with the XRD pattern of carbon materials [16]. After ZnO impregnation, an unnoticeable 
peak can be seen in the result. This result indicates that ZnO is only impregnated in the carbon 
structure without entering into the structure of carbon. The similar result has also been observed in 
the previous research done by Aljeboree et al [17]. 

 

 
Fig.2. Raman Spectroscopy (a) and XRD analysis (b) result of VRW-ACM and VRW-ACM ZnO 
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The sample VRW-ACM and VRW-ACM-ZnO was then analyzed by CV to see the 
electrochemical mechanism in the three-electrode system (Fig. 3). The CV curve of VRW-ACM 
shows a symmetrical curve in various scan rate, which indicates the EDLC mechanism (Fig. 3a). The 
curve also shows that there is no reduction or oxidation reaction, which agrees with the concept of 
the EDLC supercapacitor mechanism, which only occurs on surfaces [18]. The storage mechanism 
of EDLC is a reversible surface phenomenon involving the adsorption and desorption of Na+ ions 
from the electrolyte. After the impregnation of ZnO into the carbon structure, the shape of the curve 
changes, indicating the pseudocapacitance mechanism [19]. Further, at a scan rate of 10 mV/s, the 
comparison of CV between before and after ZnO addition shows that VRM-ACM-ZnO has a more 
significant CV curve area (Fig. 3c). The large area of the CV curve might indicate the larger specific 
capacitance of VRW-ACM-ZnO compared to the pristine VRW-ACM sample. 
 

 
 

Fig.3. CV test result for (a) VRW-ACM (b) VRW-ACM ZnO (c) comparison at scan rate 10 mV/s 
 

GCD analysis was performed to quantify the specific capacitance of the as-synthesized 
material. Both samples show that the curve forms the same charge-discharge manner. The GCD result 
of pristine activated carbon (Fig. 4a) shows the symmetrical triangle that results from the EDLC 
mechanism [20]. This result differs from the GCD result of ZnO impregnated samples (Fig. 4b), 
which shows that the discharge time is longer than the charging time. The curvature at the end 
indicates a redox reaction between ZnO and electrolyte ions. This phenomenon shows the combined 
mechanism, namely EDLC on charge and pseudocapacitance on discharge [21]. Table 1 shows the 
calculated value of specific capacitance from GCD analysis. It can be seen that after adding ZnO, the 
specific capacitance of the materials increases all current densities. 

 

 
 

Fig.4. GCD test result for (a) VRW-ACM, (b) VRW-ACM ZnO and (c) comparison at current 
density 1A/g 
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Table 1. Capacitance for VRW-ACM and VRW-ACM ZnO 

Sample Current Density 
(A/g) 

Specific Capacitance 
(F/g) 

Increase of 
Capacitance 

VRW-ACM 

0.5 277 - 
1 218 - 
2 186 - 
4 160 - 

VRW-ACM-ZnO 

0.5 400 44% 
1 383 75% 
2 314 66% 
4 248 55% 

The GCD cyclability test was carried out at 4 A/g current density to determine the retention of 
the VRW-ACM-ZnO material after being cycled 50 times (Fig.5). The result was reduced from 246 
F/g to 239 F/g after 50 cycles. In the 50 cycles, there is relatively good stability. An insignificant and 
still higher decline than VRW-ACM before impregnation proves that VRW-ACM ZnO has the 
potential to be used as an electrode for supercapacitors. 

 
Fig.5. Cycle Performance of VRW-ACM ZnO 

Conclusion 
Vetiver root waste left over from essential oil distillation can be a precursor to the manufacture 

of activated carbon by pyrolysis and hydrothermal pre-carbonization methods followed by activation 
with KOH. The FTIR, Raman, and XRD analysis show that zinc oxide impregnation was successfully 
carried into activated carbon. The decrease in defects in Raman analysis reflects the graphitization of 
carbon materials into the graphitic structure. The CV and GCD analysis showed an increase in specific 
capacitance in each sample. This result suggests that activated carbon material was successfully 
impregnated with zinc oxide and has the potential to be used as an electrode for supercapacitors. 
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