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Abstract: Functional carbon derived from biomass waste has a high potential to be adapted as 

an active anode material for energy storage technology. Nypa fruticans or nypa plantations aim to 
avoid abrasion and generate biomass waste such as fibers. In this research, we report the utilization 
of activated carbon derived from Nypa fiber (ACNF) for LiNi0.6Co0.2Mn0.2O2 batteries. An efficient 
single-step pyrolysis and chemical activation process achieved the activated carbon. Cheap and 
commercially available KOH, H3PO4, and K2CO3 were the activating agents. The effect of activating 
agents on the characteristics of ACNF was deeply investigated. X-ray diffraction, FTIR, SEM-EDX, 
TG-DTA, and N2 isotherms analyses were performed. XRD, FTIR, and SEM-EDX analysis confirm 
high carbon content samples. SEM images presented porous particles, while surface area analysis 
using the BET method shows that all samples have mesoporous pore size and surface area larger 
than 850 m2/g. Charge discharge analysis in cylindrical-type cells shows the highest capacity of 89.5 
mAh/gNCM, established with KOH activation and an initial coulombic efficiency of 53.2%. 
Ultimately, Nypa fiber-derived activated carbon is successfully obtained and utilized in a state-of-
the-art Li-ion battery cell with promising results.  
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1.  Introduction  
Nypa (Nypa fruticans) is one of the main species that 

make up mangrove forests; it belongs to the Palmae family, 
grows in tidal areas, and is spread almost evenly 
throughout Indonesia, specifically the islands of Sumatra, 
Java, Borneo, Sulawesi, Maluku, and Irian Jaya. Nypa 
plantations are needed in coastal areas to prevent abrasion. 
On the other hand, the Nypa palm tree can produce fruit 
weighing approximately 5 kg/tree and produce biomass 
waste of roughly 3 kg, mainly in the form of its 
shells/fibers. The fibers of the Nypa fruit are rarely used, 
so they are often thrown away and become waste. Nypa 
fibers contain high lignocellulosic elements, reaching 
87.1%, which is suitable as a source for carbon-based 
materials1,2).  

Activated carbon (AC) is a porous solid containing 80-
95% carbon produced from carbon-rich sources that 
undergo activation. The activation process causes pore 
formation, increasing its surface area, which is suitable for 
numerous applications such as waste treatments and 

energy storage applications3,4). Activated carbon is often 
used as an additive for Li-ion battery materials5–8). It is 
often used to improve the conductivity of cathodes and 
anode materials. Recent studies confirm the successful 
application of AC as an anode material for Li-ion batteries 
to substitute graphite, which has been used commercially. 
Artificial graphite is currently the most often used as an 
anode (theoretical capacity of 372 mAhg-1)9). However, 
the formation of graphite requires a high amount of energy 
due to the graphitization of carbon reaching a temperature 
of 2800 ℃; thus, it can be considered uneconomical and 
not eco-friendly. Various researchers have reported 
different types of carbons derived from biomass such as 
corncobs, rice husk, coconut shells and fibers, palms, 
bamboo, and sawdust to improve the performance, cost, 
efficiency, and eco-friendliness of the anode material10–13). 
Nypa fiber-based activated carbon has reportedly been 
applied as a supercapacitor with specific capacitance 
values of 320, 430, 387 Fg-1 14) and 186, 214, 163 Fg-1 15). 
Based on these findings, developing LIBs anode material 
derived from Nypa is highly promising. Herein, this 
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research reported the synthesis of activated carbon (AC) 
from Nypa fruit fibers to be applied as anode material for 
Li-ion batteries' full cells.   A single-step co-
carbonization-chemical activation method was performed, 
and the KOH, K2CO3, and H3PO4 were utilized as the 
chemical activators. The KOH, K2CO3, and H3PO4 
represent basic, salt-based, and acidic chemical activators, 
respectively, that are well known for their mild properties 
and safety, compared to heavy metals-based chemical 
activators such as FeCl3 or ZnCl2

16). The single-step 
technique was used instead of the subsequent 
carbonization-activation process to reduce the overall 
processing time and to avoid an extremely large surface 
area due to its tendency to form solid-electrolyte 
interphase (SEI), which severe the electrochemical 
performance of carbon-based anode during the charge-
discharge process such as large irreversible capacity and 
impedance17,18). This research also explored extensive 
characterization studies of the as-prepared activated 
carbon to provide a thorough and deep discussion. The 
overall synthesis process can be considered cost, energy-, 
time-saving, efficient, and simple, which will be 
beneficial when applied on an industrial scale. The result 
of the electrochemical performance analysis in a full cell 
provides evidence for the successful and direct 
implementation of the anode material in a commercial cell.  

 
2.  Materials and Methods 

Nypa (Nypa fruticans) fibers were converted to 
activated carbon through simultaneous activation and 
carbonization. This process requires a shorter time, and it 
will be more economical and practical.  Nypa fibers were 
obtained from Pangandaran Regency, West Java, 
Indonesia. The fibers were obtained by separating the 
shell/husk and the fruit, followed by the chopping process 
using sharp cutters such as wire nippers. The chemical 
activating agents (KOH, H3PO4, and K2CO3) were 
obtained from Merck, Germany. The Nypa fruit fiber was 
dried, ground, and mashed into powder. Then, the Nypa 
fibers were submerged in solutions containing 5% w/w of 
KOH, K2CO3, and H3PO4, respectively. The Nypa fibers: 
activating agent mass ratio is 1:1. The impregnation of 
activating agents to the Nypa fibers was 24 hours. The 
Nypa powder was then filtered and dried, followed by a 
calcination/carbonization process at 650 C for 150 
minutes to obtain crude activated carbon powder. The 
crude-activated carbon powder was washed multiple 
times using distilled water and ethanol. The as-described 
process is depicted in Fig. 1. The samples were labeled 
ACNF-KOH, ACNF-H3PO4, and ACNF-K2CO3, 
corresponding to the activating agents. 

 
Fig. 1: Synthesis of Activated Carbon from Nypa Fibers 

(ACNF) by Chemical Activation Method 
 
The structural and crystal property of the activated 

carbon powder was examined using an X-ray 
diffractometer (mini diffractometer MD-10) at a 
diffraction angle of 15 - 65 ° and a CuKα- wavelength of 
1.5418 Å. SEM (Scanning electron microscopy, JEOL 
Japan) investigation was conducted to evaluate the 
morphological features of the ACNFs. Fourier Transform 
Infra-Red (Shimadzu IR-Spirit, Japan) was used to 
evaluate the functional groups contained in the samples. A 
thermogravimetric analysis was conducted to study the 
chemical activation process of Nypa fiber coupled with 
differential thermal analyses (TG/DTA, Shimadzu DTG-
60 Japan). Quantachrome Instruments (Quantachrome Ins, 
USA) investigated the surface area and pore dimensions. 

ACNF samples were applied as the lithium-ion 
batteries' active anode material. LiNi0.6Co0.2Mn0.2O2 or 
NCM-622 was utilized as the counter electrode. ACNF 
and NCM-622 sheets were prepared by dissolving the 
active material (AM) powder, carbon black powder, 
carboxy methyl cellulose (CMC) binder, and styrene 
butadiene rubber (SBR) with a weight ratio of 70: 15: 5: 
10 in demineralized water to form a slurry. The slurry was 
then coated on both sides of the current collector foils, 
followed by drying under vacuum at 90 °C. Al and Cu 
foils were used as positive and negative current collectors, 
respectively. The assembly of cylindrical cells and 
electrolyte filling process of 18650-type cylindrical LIBs 
were explained in our previous studies19,20). The battery 
cells were tested in the voltage window, and the current 
rate was 2.4-4.3 V and 1/10 C under room conditions 
using a Battery Analyzer (Arbin Instruments, USA). 

 
3.  Results and Discussions 

This section intensely studied the effect of chemical 
activating agents on the characteristics of the ACNF.  
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(a) 

 
(b) 

Fig. 2: (a) XRD Pattern and (b) FTIR spectra of ACNF with 
various activating agents 

 
The diffraction pattern of activated carbon derived from 

Nypa fiber (ACNF) activated using KOH, H3PO4, and 
K2CO3 is shown in Fig. 2(a). These chemical activating 
agents were chosen due to their availability, safety, and 
economic aspects compared to other transitional metal-
based activating agents such as ZnCl2, FeCl3, Fe-Citrate, 
and strong acids such as H2SO4 and HCl as reported in 
previous studies21). KOH, H3PO4, and K2CO3 are 
considered cheap, eco-friendly, and abundant.22) Based on 
the figure, all samples have a semicrystalline carbon phase 
with low diffraction intensity, similar to previous 
studies23–25). All of the samples exhibit typical 
characteristics of amorphous carbon where broad peaks 
are clearly observed at diffraction angles of 22o and 40o 
(JCPDF Card, No.04– 018-7559). However, there are 
significant peaks of crystalline graphite in the ACNF-
K2CO3 sample, specifically at a diffraction angle of 26o, 
36o, and 41o. The formation of graphite during the 
activation of biomass by K2CO3 is also found in the 
research conducted by Xi  et al. 26) and Purwanto et. al27), 
which confirms that during the heat treatment, K2CO3 

turns into K2O then followed by the formation of reduced 
K which allows local ordering of carbon structure thus 
increasing the graphitization of carbon. This phenomenon 
also cannot be found in samples activated by KOH and 
H3PO4. The formation of carbon material is also 
confirmed by the FTIR spectroscopy analysis results 
displayed in Fig. 2(b). A peak was formed around 1500 
cm-1 (C=O) and also around 1200 cm-1  (C-O), this result 
is similar to the research of Ridassepri et. al28)and Wang 
et. al29) The transmission peaks are only slightly 
observable at 1000 cm-1 -1400 cm-1 wavenumber, which 
can be attributed to low C-O or carboxylic group content 
in the sample.25) No hydroxyl peak means the 
carbonization and activation resulting to enlargement area 
of sample with low level of organic impurities are 
successfully conducted. 

 

 
(a) 

 
(b) 
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(c) 

Fig. 3: TG/DTA analysis of Nypa fiber chemical activation 
using (a) KOH, (b) H3PO4, and (c) K2CO3 

 
Nypa fiber's calcination process and chemical 

activation of Nypa fiber were investigated using 
differential thermal analysis/thermal gravimetry. The 
TG/DTA curve is displayed in Fig. 3. The weight losses 
are almost similar between each sample. The mass 
retention after being heated to 800 C under an N2 
atmosphere using KOH, H3PO4, and K2CO3 as chemical 
activating agents is 32.4%, 31.3%, and 33.4%, 
respectively. Since the Nypa fibers were not pre-
carbonized, we can see that the decomposition of organic 
substance occurred gradually after the temperature 
reached 180 oC30) Mass decrease before 180 oC can be 
attributed to the dehydration process of Nypa fiber, which 
is also confirmed by the presence of an endothermic peak. 
The decomposition peak can be clearly observed in 
K2CO3 activation; however, all samples undergo a similar 
pyrolysis process indicated by decreasing DTA curves 
starting from ~400 oC31). Miyajima et al.32) and Liu et al. 
reported a similar thermogravimetric analysis of 
chitosan-based carbon activation using K2CO3, 
revealing the presence of decomposition of organic 
material indicated by a significant DTA curve.  

 

 
(a) 

  
(b) 

  
(c) 

  
(d) 

Fig. 4: SEM Images of (a) pre-treated nypa fibers, (b) 
ACNF-KOH, (c) ACNF-H3PO4, and (d) ACNF-K2CO3 

 
SEM characterization was conducted to determine 

activated carbon's morphological features and 
characteristics. In addition, this test to determine the 
presence of pores formed in the sample. Figure 4 displays 
the SEM images of untreated Nypa fibers, and ACNF 
activated using KOH, H3PO4, and K2CO3. It can be clearly 
observed that large pores are formed after pyrolytic 
decomposition at high temperatures. It also can be seen, 
especially in ACNF-H3PO4 and ACNF-K2CO3, that small-
sized pores can be directly seen. The presence of pores 
indicates a significant increase in the surface area of 
activated carbon. The particle size is less than 32 
micrometers. The EDX analysis of Nypa fiber and ACNF 
samples can be seen in Table 2. The dominant elements 
appear during analysis are C and O32), the significant 
amount of O in Nypa fiber is normal due to its 
composition consisting lignocellulosic or hydrocarbon 
compounds33). Conversely, a high level of C can be seen 
in ACNF samples with a nonnegligible amount of O atom. 
Since the FTIR studies show a low level of the carboxylic 
group, it can be concluded that the presence of O only 
appears on the surface of the ACNF particle. Meanwhile, 
the samples are considered to have a high amount of 
carbon. 

 
Table 1. EDX Analysis of Activated Carbon with Various 

Activators 
Ele

me

nt 

Sample 

Nypa Fiber ACNF-KOH ACNF-H3PO4 ACNF-K3CO3 

w% mole

% 

w% mole

% 

w% mole

% 

w% mole

% 

C 39.27 48.16 73.42 80.97 71.57 78.95 71.19 78.34 

O 52.05 47.87 20.05 16.58 22.33 18.47 23.70 19.56 

Na 1.54 0.98 0.69 0.40 - - - - 

Al 1.02 0.56 - - 0.81 0.40 0.51 0.25 

Cl 3.16 1.31 - - - - - - 

K 2.12 0.81 3.50 1.18 - - - - 

Ca 0.84 0.31 1.72 0.57 0.73 0.24 2.18 0.71 

Si - - 0.63 0.30 - - 2.41 1.14 

P - - - - 4.55 1.94 - - 

 
The size of the pores can be evaluated by N2 isotherm 

adsorption and measured using the BET method. The 
result of the size analysis can be seen in Fig. 5. 
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(a) 

 
(b) 

Fig. 5: (a) N2 Adsorption–desorption Isotherms and (b) DFT 
Pore Size Distributions for AC with Different Activating 

Agents 
 
Figure 5 presents adsorption-desorption isotherms of 

N2 and DFT pore size distributions of ACNF samples. 
These isotherms curves from Fig. 5 (a) seemed to be Type 
II adsorption, meaning all the samples have micro and 
mesopores. Above 0.4 relative pressure, the isotherms 
demonstrate hysteresis Type H4 loops.34) Figure 2 
confirms the presence of mesopores in all samples. The 
mesopores not only improve the Li-ion storage capacity 
but also improve material conductivity. The pore and area 
measurements analysis result can be seen in Table 2. The 
largest surface area is achieved by K2CO3 activation. We 
can predict that the activation processes undergo steps of 
reactions. The KOH activation reaction can be seen in the 
following equations: 
 

C(s) + 3KOH(s)  K(s) + 3/2 H2(g) + K2CO3(s) (1) 
K2CO3(s)  K2O(s) + CO2(g)   (2) 
CO2(g) + C(s)  CO(g)   (3) 
K2O(s) + C(s)  2K(s) + CO(g)   (4) 
When K2CO3 was used as an activating agent, reaction 

(1) was skipped, and the reaction is predicted in the 
following reaction: 

K2CO3(s) + 2C(s)  2K(s) + 3CO(g)  (5) 
While in H3PO4 activation, the reaction can be 

explained in the following reaction: 
2H3PO4(l)  P2O5(s) +3H2O(g)  (6) 
2P2O5(s) + 5C(s)  4P(s) + 5CO2(g)  (7) 

The reactions confirm the mechanism of meso-micro 
pores formation. ACNF-K2CO3 has the highest surface 
area, which might result from an effective response in 
serial order compared to the KOH and H3PO4 activating 
agents. The lowest surface area and total of the pore 
volume is achieved by H3PO4 activation21). 

 
Table 2. Surface area analysis of ACNF samples 

Samples SBET 

(m2/g) 
Average Pore 

Diameter (nm) 
Total Pore 

Volume (cm3/g) 
ACNF-KOH 933.066 31.014 0.723 
ACNF-H3PO4 856.218 25.805 0.552 
ACNF-K2CO3 962.784 25.056 0.603 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 6: (a) Charge – Discharge Analysis of ACNFs anode in 
Li-ion batteries cell and (b-d) dQ/dV vs V curve 

 
Figure 6 shows the electrochemical performance of AC 

from various activating agents. An electrochemical 
performance test was carried out in a cylindrical cell and 
analyzed by evaluating the capacity of the cell where AC 
and NMC622 were applied as an anode and a cathode, 
respectively. The sample is tested by charging up to a 
voltage of 4.3 V. Then the battery sample is discharged 
until the voltage drops to 2.4 V, and the current used in this 
test is 0.1 C (1C=200 mA/gcathode). The NMC 622 was 
selected as the limiting cathode electrode and the weight 
basis of capacity calculation with an estimated N/P ratio 
of 1.2-1.23).  
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Table 3. Charge-discharge analysis result of ACNF samples 

Sample Initial 
Specific 
Discharge 
Capacity 

Initial 
Coulombic 
Efficiency 

Initial 
Specific 
Discharge 
Energy  

Initial 
Specific 
Discharge 
Power 

ACNF-
KOH 

89.5 
mAh/gNMC 

53.2 % 332 
mWh/gNMC 

37.1 
mW/gNMC 

ACNF-
H3PO4 

83.8  
mAh/gNMC 

47.0 % 322 
mWh/gNMC 

38.7 
mW/gNMC 

ACNF-
K2CO3 

76.7  
mAh/gNMC 

43.1 % 284 
mWh/gNMC 

37.7 
mW/gNMC 

 
The specific discharge capacity of ACNF-KOH, 

ACNF-H3PO4, and ACNF-K2CO3, the initial coulombic 
efficiency (ICE), specific discharge energy and specific 
discharge power can be seen in Table 3. ACNF-KOH has 
the highest discharge capacity, energy and ICE, while the 
lowest discharge capacity and ICE are achieved by ACNF 
K2CO3. We can conclude that low ICE and capacity result 
from large surface area and small pore volume35–37). Large 
surface area can promote SEI, which leads to poor 
discharge capacity and irreversible Li-ion storage. The 
dQ/dV curve of ACNF samples shows that the SEI 
formation occurred at 2.5-2.7 V. The anodic peaks 
between 3.4-3.8 V indicate the carbon matrices' lithiation 
process. In all samples, the anodic peaks have a larger area 
than the cathodic peaks, which confirms the SEI formation 
of the ACNFs. This phenomenon can be seen clearly in 
ACNF-H3PO4. This phenomenon might be caused by a 
small pore volume in the sample, which promotes the 
occurrence of excess SEI and reduces the discharge 
capacity. Previous reports have often reported significant 
capacity loss during initial cycles. The comparative data 
from previous reports can be seen in Table 4. The loss of 
capacity in full-cell applications severs further utilization 
of ACs as anode materials38,39). Many researchers 
overcome this problem through the pre-lithiation process 
of the carbon electrode in a half-cell analysis40,41). This 
approach is considered not feasible for the industrial 
process. Based on our approach, the capacity loss in the 
initial cycle is less than 50%, which is an improvement. 
Synthesizing activated carbon with a lower surface area 
can improve the ICE. As shown in Table 2, ACs with large 
surface areas have the disadvantage of poor reversibility. 
Future studies in surface-area tuning must be developed to 
prevent capacity loss in full-cell batteries using simple 
methods.  
 

Table 4. Comparison of Biomass-derived carbon's 
electrochemical performances as Li-ion anode 

Biomass or 
Other 
source 

Method Initial 
Capacity 
(mAh/g) 

ICE (%) Ref 

Bagasse Hydrothermal 2347.56 50.55 42) 
Tamarind 
plant 

Chemical 
Activation 

1037 39.93 43) 

Seeds using KOH 
Rice Straw Chemical 

Activation 
using KOH 

2041 48.31 44) 

Jute Fiber Carbonization  1173.3 45.52 45) 
Cherry Pit Chemical 

Activation 
using KOH 
and H3PO4 

1300 23.08 40) 

Petroleum 
Coke 

Catalytic 
conversion 

100* ND 46) 

Nypa 
Fiber* 

Chemical 
Activation 
using KOH 

89.5*  53% This 
work 

*capacity of cathode (NCM) measured in full cell analysis   
 

4.  Conclusion 
Activated carbons synthesized from Nypa fruticans 

fiber using various activating agents, i.e., KOH, H3PO4, 
and K2CO3, are successfully synthesized. The activated 
carbon can be used as an active material for energy storage, 
specifically Li-ion batteries using LiNi0.6Co0.2Mn0.2O2 as 
the cathode material. The XRD analysis result proved the 
presence of amorphous carbon. The FTIR analysis did not 
show a significant carboxylic group, indicating that the 
activated carbon samples have high carbon content, which 
was further proved by the SEM-EDX result. Based on the 
morphology and surface area analyses, it was found that 
there are nano-sized pores on activated carbon particles, 
indicating that the activated carbons have a high surface 
area and the activated carbon sample has a uniform 
particle pore size. The highest capacity is obtained by 
activated carbon with a KOH activation capacity of 89.5 
mAh/g with a charge-discharge efficiency of 53.2%. The 
dQ/dV curve showed that the initial capacity loss was the 
result of SEI formation during the charging process. 
Further investigation on cycle-ability and rate-ability is 
promising and will be applied in future projects.  
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