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ABSTRACT  

Nitrogen-dopped activated carbon was synthesized to see its effect on the characterization of the nitrogen 

surface functional groups, crystal size, and morphology of the resulting sample. Synthesis of nitrogen-doped 

activated carbon was carried out by varying the addition of Urea as a nitrogen doping source. Activated 

carbon compared its characteristics with variations in the concentration of added Urea to activated carbon, 

at 1:3 and 1:5. The FTIR results obtained were the presence of functional groups indicating the presence of 

nitrogen bonds in each sample. The crystallinity results showed that the samples were classified as 

crystalline and nitrogen doping influenced the size of the crystallinity of each sample. The morphology of 

nitrogen-doped activated carbon shows differences in the grain size of nitrogen-doped activated carbon. 

Crystallinity and morphology have been shown to affect battery anode performance. The more crystalline 

of anode material, the electrochemical properties are better. The smaller the grain size of the sample 

morphology, the stability of the battery cycle is to be great.      

Copyright © 2023. Journal of Mechanical Engineering Science and Technology. 
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I.  Introduction 

New and renewable natural resources are needed, especially due to increasing global 

warming and limited fossil resources [1]. The utilization of renewable energy, such as wind, 

solar, ocean waves, and biomass, has shown a positive trend in the last few decades [2]. One 

of the most important aspects of utilizing new and renewable energy sources is access to 

energy transmission and storage technology. Currently, the limitations of renewable energy 

development are hindered by storage and transmission technologies due to environmental 

impacts [3]. The environment consisting of thousands of islands makes it difficult for energy, 

such as electricity, to reach remote areas [4]. 

Alternative solutions for downstream renewable energy development are through 

superior storage technology. Lithium battery is an excellent energy storage device that can 

easily convert chemical energy and electrical energy, which is also popularly used as a 

portable electronic device [5]. However, making these batteries with high energy and power 

density through an economical and environmentally friendly process is still a big challenge. 

Existing anode materials exhibit high specific capacities, cycle stability, and safety, but their 

high cost and relatively small current densities limit their practical applications [6]. 
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Activated carbon with a large surface area, high absorption capacity, and minimal 

charging time is suitable for application in several materials, including the anode material in 

batteries [6]. During maximizing the potential of activated carbon in the form of its capacity 

properties, nitrogen doping can be utilized to increase the capacity of activated carbon. 

Nitrogen, with an atomic size almost the same as the carbon atom, can be an electron donor 

for N-doping substitution. After nitrogen is doped, the interaction between electrons and ions 

becomes relatively negative [7]. 

Silicon (Si) is also used as an anode material for lithium-ion batteries due to its high 

theoretical capacity (~4200 mAh/g). However, a large volume expansion occurs during the 

charge-discharge process, which significantly affects the stability of the silicon anode. 

Silicon also tends to be expensive, increasing the cost of producing anodes. Therefore, it is 

necessary to develop a new carbon-based anode material that has a high energy storage 

capacity and low volume expansion during the charge-discharge process [2] 

The focus of this research is the synthesis and modification of activated carbon. Urea is 

added as a nitrogen source to form nitrogen functional groups. Nitrogen atom doping was 

chosen because it is relatively stable, easy to obtain, and affordable. The next process is 

chemical activation with KOH as an activator agent. The synthesized material was analyzed 

for surface functional groups, crystallinity, and morphology in its application as a lithium 

battery anode. 

II. Material and Methods 

1.  Material 

The main materials are activated carbon, pore diameter on activated carbon, mesoporous 

carbon (2 nm to 50 nm), Urea as a doping source, and KOH as an activator. In addition, other 

materials needed include distilled water and HCl acid. Activated carbon, demineralized 

water, Urea, and KOH were obtained from CV Makmur Sejati, Malang, Indonesia. The 

chemical activation method was used to increase the surface area of nitrogen-doped activated 

carbon. The pore diameter of activated carbon decreases, and the surface area increases. This 

mechanism is through adding KOH and reacting to form CO and CO2 gases that evaporate 

into the air. Synthesis results from nitrogen-doped activated carbon samples were tested for 

their Fourrier Transform Infrared/FTIR functional groups using the Shimazu IR Prestige 21, 

X-ray Diffraction/XRD using PAN-Analytical Expert Pro, and their morphology with SEM 

using FEI Inspect-S50. 

2. Methods 

Activated carbon is impregnated in a solution of Urea and KOH activator. The ratio of 

the mass of activated carbon: KOH: Urea (NH2)2CO is 1:2:X (X = 3 or 5). The solution was 

then homogenized using a stirrer for 2 hours at 750 rpm and then sonicated for 30 minutes. 

After sonication, the solution was heated in an oven at 200 C for 4 hours, then the material 

became solid and then crushed for 1 hour until it became powder. The resulting powder is 

then soaked in HCl for 24 hours to neutralize the pH. The solution was then titrated and dried 

in an oven. The resulting solid is then crushed for 1 hour. Each sample was named according 

to the ratio of Urea doping as a nitrogen source (NDAC 3 and NDAC 5). In addition, the 

pure sample of activated carbon without doping and treatment was also given the name 

NDAC 0 for comparison. The resulting sample was then characterized as a lithium battery 

anode potential material. 
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III. Results and Discussions 

1. Surface Functional Group 

The nitrogen doping process and chemical activation gave changes in the chemical 

structure of NDAC 0, NDAC 3, and NDAC 5. The FTIR spectrum of each sample is shown 

in Figure 1. The figure shows the stretching of chemical bonds in the aromatization reaction 

and heteroatom doping. Oxygen functional groups are seen in the C-O, C=O, and O-H bonds 

[8]. Nitrogen functional groups are seen in the C-N and N-H bonds [9]. At the same time, 

the bonds between C atoms are seen in the C-H, C=C, and C=CH bonds [10]. The addition 

of nitrogen doping can increase electrochemical properties due to the presence of nitrogen 

donors from doping [11]. The table of bond types with respect to absorbed wavelengths is 

shown in Table 1. 

Table 1. Bonding Type Based on FTIR Result 

No Wave Number Bonding type 

1 670-900 C-H 

2 1020-1220 C-N 

3 1250-1300 C-O 

4 1560-1640 O-H 

5 1640-1680 C=C 

6 1710 C=O 

7 3020 C=CH 

8 2400-3000 N-H 

9 3200-3400 O-H 

     Source : Withrow, (2013) 

 

The intensity of the C-H bond at NDAC 0, NDAC 3, and NDAC 5 seems to be 

increasing, which can be seen in the range of 900-670 cm-1. The intensity of the C-N bond 

itself increases. This increase in absorption occurred in the range of 1020-1220, indicating 

that nitrogen doping occurs effectively [13]. 

 
Fig. 1. The FTIR spectrum 
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The intensity of the C-O bond occurring in the range of 1300-1250 cm-1 also increases 

as the nitrogen doping concentration in the sample increases. In addition, the O-H bond that 

occurs in the range of 1640-1560 cm-1 also tends to increase. The bond between C=C at 

1680-1640 cm-1 also tends to increase in absorption. At wave number 1700, it is seen that 

the double bond between C and O atoms also increases with the addition of nitrogen doping 

[12]. 

The double bond between C and CH atoms increased in intensity in the NDAC 3 sample 

but decreased again in the NDAC 5 sample. In addition, the absorption intensity of the N-H 

bond was also clearly seen to increase as the nitrogen doping concentration increased [13]. 

2. Crystallization 

Synthesis of nitrogen-doped activated carbon was prepared in several stages. Nitrogen 

doping on activated carbon is synthesized by impregnation in urea solution [13]. Activation 

uses a chemical activation method through KOH as an activator agent to increase the surface 

area of nitrogen-doped activated carbon [14][15]. This impregnation and activation process 

affects the lattice structure of activated carbon [16]. 

The XRD patterns on the NDAC 0, NDAC 3, and NDAC 5 samples are shown in Figure 

2. In the observed patterns, all samples showed the highest diffraction pattern centered at 2 

= 24, 28, and 40 [17]. The NDAC 3 and NDAC 5 samples showed increased diffraction 

intensity than NDAC 0. The highest diffraction peaks among the 3 samples occurred in 

NDAC 3 samples. The degree of crystallization was used to calculate the crystal size of each 

sample using equation 1 [1], 

D=
k . λ

β cosθ
, ……………………..…………………........................................................ (1) 

where k is the material constant of 0.9, λ is the wavelength of the X-ray (nm), β is the 

maximum half-peak width (rad), θ is the Bragg angle of the diffraction peak, and D is the 

crystal size (nm) [4]. 

 
Fig. 2. The XRD pattern of samples 
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Based on Equation 1, the crystal size was obtained in the NDAC 0 sample of 72.65 nm, 

the NDAC 3 sample of 48.338 nm, and the NDAC 5 sample of 43.490 nm. Diffraction 

intensity and peak shift are affected by the concentration of nitrogen doping on activated 

carbon [18]. Figure 2 shows that the higher the nitrogen doping concentration, the diffraction 

intensity will increase. However, at a certain point, the intensity reaches a peak, and the 

intensity will decrease as the nitrogen doping increases. This is due to the relationship 

between crystallinity and nitrogen doping in activated carbon [5]. 

Activated carbon modified with heteroatoms will improve its electrochemical properties 

as an application in lithium battery anodes [7]. This is very useful for modifying the 

electrochemical properties of carbon which is a type of porous carbon. The tendency of 

carbon to lose capacity after several cycles can be solved by modification with heteroatoms, 

one of which is the nitrogen atom [19]. 

3. Morphology 

The results of the SEM (Scanning Electron Microscope) test showed that pure activated 

carbon (1:0) had the largest size among the three samples, followed by nitrogen-doped 

activated carbon with a ratio of 1:3 and 1:5 (Figure 3). This is because pure activated carbon 

does not go through the synthesis process, while samples that get nitrogen doping have a 

reduction in particle size [13]. 

The addition of nitrogen doping on activated carbon also increases surface area due to 

more potassium hydroxide (KOH), which reacts with C atoms to produce CO and CO2 

gases, which will then evaporate and form a pore structure. The pores function as access and 

pathways for ions or adsorbents to bind nitrogen to activated carbon. The results show that 

the nitrogen functional group in carbon serves as an ideal functional group to improve energy 

storage properties [20] 

According to Han (2020), activated carbon, without adding KOH, shows a dense and 

smooth surface with small pores. Upon activation by KOH, many large pores (2 µm) can be 

found in carbon materials. KOH is a good chemical activator on carbon because it can 

increase its surface area up to 3000 m2/g and release CO2 during N-AC activation [22]. The 

released CO2 passes through the carbon material at high temperatures, creating many large 

pores. These results are consistent with other studies using KOH as a pore-forming agent in 

manufacturing activated carbon. 

 

 
a b c 

Fig. 3. SEM morphology (a) NDAC 1:0 (b) NDAC 1:3 (c) NDAC 1:5 
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IV. Conclusions 

Nitrogen-doped activated carbon can be a solution to replace graphite in lithium 

batteries due to their low capacity. Modification of nitrogen doping in ratios (1:3 and 1:5) 

using the chemical activation method has an ideal function to increase energy storage. 

Nitrogen can bond with carbon atoms if the atomic structure has many pores. The small pore 

size will increase the surface area and improve the cycle stability of the battery. The smaller 

grain size in the SEM test shows a large surface area. Nitrogen functional groups in the FTIR 

and XRD results showed the most optimal performance at a ratio of 1:3 and decreased at a 

ratio of 1:5. This was due to the increasing number of nitrogen atoms, which would inhibit 

the formation of pores. Research on the application of nitrogen-doped activated carbon in 

lithium battery anodes should be carried out to determine its effect on lithium battery 

performance. 
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