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Abstract: Batteries are reliable electrical energy in the operation of
portable electronic devices. Batteries that are often used are lithium
batteries. Lithium batteries have the ability to charge quickly, last
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1. Introduction

Batteries are one source of electrical energy that can be relied upon in operating portable
electronic devices or can be carried everywhere [1][2][3]. Some electronic devices that use
batteries include cell phones, laptops, digital cameras, remote controls, and other electronic
equipment [2][4]. One of the batteries that are widely used today is lithium batteries or
rechargeable batteries [5][6]. Lithium batteries have fast battery charging capabilities with a
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charging time of 2 - 4 hours [7]. Low self-discharge, high energy power, durable if the charging
process is appropriate [8], has a relatively long life span and cycle performance that cannot be
rivaled by other energy storage devices [9]. In fact, the development of lithium batteries still pays
little attention to the characteristics of the batteries used. When in discharge conditions that
occur the temperature in the battery will increase [10], causing overheat and has a short life-time
so as to affect the work and reduce the life of the battery [9][5].

One of the efforts to improve the performance of the lithium-ion battery is to develop the
quality of the electrode material [6]. Lithium ion battery electrodes consist of a positive electrode
(cathode) and a negative electrode (anode) [10][11][12]. The working indicators of lithium ion
batteries depend on the anode material, which includes energy storage capacity, as well as
electrochemical cycling ability [13]. Common materials used as constituents of lithium battery
anodes are graphite [14][15]. Graphite has a theoretical capacity of 372 mAhg™! [10]. This
capacity is relatively low so that it is not able to support the increasing capacity needs of
electronic devices [16]. In addition, graphite makes the battery cycle short because graphite only
operates at potential (>4C) [17]. To overcome the shortcomings of graphite, the active material
of the lithium battery anode material must be developed again. One material that can be used is
activated carbon material [18]. and the addition of Lithium Hydroxide (LiOH) as a lithium salt
that can increase the work of the anode on the capacity of electronic devices [19].

Activated carbon is a material that contains quite a lot of free carbon, has a high absorption
capacity [20] and increased pores [21]. Activated carbon has a surface area ranging from 100 to
2000 m/g 2 [22]. Activated catbon has a higher capacity than the theoretical capacity limit of
graphite, good cycling stability, and volumetric capacity. 1770 mAhcm™> [23]. In the
manufacture of activated carbon from hazelnut shells [24], producing the optimum specific
surface area of carbon which is 391.567 m2/g at 600°C activation temperature. Then the
manufacture of activated carbon was developed into a battery anode material [25], resulting in
optimal conductivity and capacitance values, which are respectively equal to 1,085 x 10™* S/m
and 198,6 pF. Lithium hydroxide (LiOH) can also help improve conductivity because it has an
average experimental conductivity of S/m. 129,05 Sm™1 [26].

In the synthesis of lithium battery anode material from Lithium Hydroxide (LiOH) and
activated carbon from hazelnut shell charcoal [1], producing electrical conductivity and
capacitance values, namely 2,34 x 1076 S/cm and 327.93 uF. Then developed by comparing the
ratio of LIOH / coconut shell activated carbon [16]. The results showed that the active
LiOH/coconut shell activated carbon with a ratio of 2: 1 has the highest electrical conductivity
with a value of 2,064 X 1072 Sm™! [10]. From the above research, it can be concluded that
LiOH / activated carbon material can be applied as a nanocomposite forming material.

The material used in the process of making activated carbon in this study is rough bamboo
(Dendrocalamus asper). Rough bamboo has many benefits, namely as building material, house poles,
bridges or walkways and as a tobacco warehouse frame [27][28][29]. In the utilization of rough
bamboo, of course, various processing is carried out and a large amount of bamboo waste is
produced. Waste from Rough bamboo can be used as an ingredient for making activated carbon.
The content of activated carbon is very high with a number that exceeds the Indonesian
Industrial Standard (SII), which is 337-379 mg/g [30].
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Nanocomposites have a role in energy storage materials or battery applications.
Nanocomposites are materials made by incorporating nanoparticles to act as fillers in a matrix
and multiphase solid materials where each phase has one, two, and three dimensions less than
100 nm [31]. Nanocomposite materials consist of two or mote inorganic/organic molecules in
some form of combination with a barrier between them of at least one molecule or characterized
by nano-sized [5][31][32]. The size of the material that is made nano is an attraction in itself
because it can change the characteristics of the material [33]. The nano-sized particles have a high
interaction surface area. The more particles that interact, the stronger the material [34][35].

High Energy Milling (HEM) is a unique technique that uses collision energy between
crushing balls and chamber walls that are rotated and driven in a certain way. This technique was
chosen because it can reduce materials to the nano order (nano particles) in a relatively short time
under atmospheric conditions at room temperature during the milling process [36]. HEM is able
to produce smaller particles in a shorter milling time [37]. In the preparation of nanocomposites
using the sol-gel method. In the study of nano-sized material synthesis methods, the sol gel
method is a simple and easy method in its application. In addition to the sol gel method has the
ability to control particle size, and the resulting nanoparticles are high purity and homogeneous
[38] [39] [40].

X-Ray Diffraction (XRD) is the most commonly used material characterization method.This
technique is used to identify the crystalline phase in the material by determining the lattice
structure parameters and obtaining the crystal size [41][42]. X-Ray diffraction is a characterization
that utilizes X-rays with wavelengths of 0.5 to 2.5 A [43]. The working principle of the XRD tool
is that the hot filament induces an electrified cathode. The cathode then produces electrons that
are directed to the sample. Electrons move quickly through the sample. The speed of the
electrons is affected by the potential difference between the cathode and the sample Samples that
are pounded by electrons will produce X-rays with a certain energy. The X rays are captured by
the detector to be turned into crystallography [44].
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Figure 1. Schematic of an X-ray diffraction apparatus [44]

X-rays have dimensions proportional to the interplanar distance in the crystal. An X-ray
beam with a wavelength directed at a crystal surface with an angle of incidence (0), then the beam
will be scattered by the plane of the crystal atoms and produce peaks called diffraction and
observed with a diffractor [45]. The method to analyze the crystal structure is the Deybe Scherrer
method. The crystalline size is determined based on the broadening of the X-ray diffraction peak
that appears. For particles with a nanometer size that contains only one crystallite. Thus, the
crystallinity size that can be predicted using the Scherrer method is also the particle size. [41]. The
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more crystal fields contained in the sample, the stronger the refraction intensity produced. The
peak that appears on the XRD pattern has one crystal plane that has a corresponding orientation
on the three-dimensional axis. The peaks obtained from the measurement data were matched
with X-ray diffraction standards for all types of materials [40].

This research uses three mass variations, namely 40%: 60%, 50%: 50%, 60%: 40%. This
research can determine how the lattice constant, structure, crystal size of carbon and rough
bamboo activated carbon, Lithium Hydroxide (LiOH) and mass variation of nanocomposite
LiOH /activated carbon of rough bamboo. Furthermore, this research will be applied as a
lithium battery anode material.

2. Materials and Method

This type of research is experimental research. This research was conducted with three
stages, namely the stage of making activated catbon powder, the stage of making LIOH /
activated carbon nanocomposites and the sample characterization stage. At the sample
characterization stage, XRD was used to determine the lattice constant, structure, and crystal size
of carbon and rough bamboo activated carbon. Lithium Hydroxide (LiOH) and mass variation of
LiOH nanocomposite/ rough bamboo activated carbon. Whete the mass variations used in this
research are 40%: 60%, 50%: 50%, 60%: 40%.

This research was conducted from June to October 2023. The manufacture of carbon,
activated carbon and LiOH nanocomposite/ rough bamboo activated carbon was carried out at
LLDIKTI Region X Padang. Characterization using (XRD) was carried out at the Material
Physics and Biophysics Laboratory of Padang State University. The independent variable in this
study is the variation of LiOH/active catbon nanocomposites with a mass ratio of 40% : 60%,
50% : 50%, 60% : 40%. The structure, lattice constant and crystal size of the LiOH/active
carbon nanocomposite are the dependent variables of this study. The control variables are
H3PO4 and its activation time in making activated carbon, mass concentration of
LiOH/activated carbon nanocomposite, temperature and stirring time of nanocomposite,
temperature and calcination time of nanocomposite.

The materials used in this study are rough bamboo, H3PO4 20%, LiOH 98%, Polyethylene
glycol (PEG) 6000, Sodium chloride (NaCl) 3 M, Citric acid (C6H807) 4M, Ethanol (C2ZH60)
95%, Aquades. Various equipment used in this study include Furnace, High Energy Miliing
(HEM), Standard Test Sieve 120 and 200, porcelain cup, digital scales, measuring cup, spatula,
Hot plate magnetic stirrer, oven, pellet mold, hydraulic press, Ph meter and XRD.

The process of making activated carbon powder is carried out through two stages, namely
the carbonization and activation stages [20][47]. In the activation process will use a chemical
activation process, because it has the advantage that the temperature used is lower than physical
activation and also affects the increase in the number of pores of activated carbon [48][49]. The
manufacture of activated carbon is based on research [26]. In the carbonization stage, the rough
bamboo is cleaned and then dried under the sun until it is dry and has a moisture content of
<10%. Then rough bamboo is heated in a furnace with a temperature of 600°C for 60 minutes
until it turns into charcoal. Rough bamboo charcoal was pulverized using a mortar and pestle
until it was in powder form and then sieved with a 120 mesh sieve, then the charcoal was soaked
in 20% H3PO4 for 24 hours. After activation, the charcoal was filtered and rinsed with distilled
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water until it reached a neutral pH, then heated using an oven at 900°C for 15 minutes. The

activated carbon was pulverized using HEM to produce nano size.

(2) (b) (©
Figure 2. (a) Rough bamboo that will be in the furnace. (b) Rough bamboo

after the furnace. (c) Screening process

The manufacture of LiOH/activated catbon nanocomposites was carried out based on
research [16]. Where the mass variation of LiOH/active carbon nanocomposite is 40%: 60%,
50% : 50%, 60% : 40% with a total amount of LiOH/active catbon nanocomposite of 3g. Then
as much as 45 g of PEG 6000 was dissolved with 60 ml of 95% ethanol in a glass with a
temperature of 50°C and stirred using a Hot Plate Magnetic Stirrer until homogeneous. Next, mix
the LIOH powder / activated carbon into a measuring cup containing a solution of PEG 6000
while stirring 4 molar citric acid is added until Ph 4-5 (acid), the stirring temperature is increased
to 100°C for 1 hour until the solution is gel-shaped. The gel was then put into a petri dish and
calcined using a hot plate with a temperature of 300°C. The dried gel was mashed using a mortal
and pestle and ready to be sampled and characterized.

Figure 3. Nanocomposite manufacturing process

Then, the samples were characterized using XRD. XRD aims to obtain lattice constant,
structure and crystal size. The crystal size can be calculated using the Scherrer equation, the
determination refers to the main peaks of the diffractogram pattern [50][51].

KA
D= BcosO (1)

With D is the crystal grain size, is the X-ray wavelength (A), is the width of the peak at half
maximum (Full Width Half Maximum, FWHM), 6 is the Bragg angle. Because XRD uses Cu Ka
rays, the wavelength used is 1.54098 A, and k = 1 [50].
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3. Results and Discussion

The synthesis of nanocomposite LiOH/activated catbon of rough bamboo using mass
variation of 40%: 60%, 50%: 50%, 60%: 40%, using the sol-gel method. The characterization tool
uses XRD which aims to determine the lattice constant, structure, and crystal size of carbon and
activated carbon of rough bamboo, LiOH, and mass variations of nanocomposites
LiOH/activated carbon of rough bamboo.

The results of the XRD test are in the form of a diffractogram graph using a 20 angle
between 0 - 200°. The diffractogram graph of rough bamboo carbon, activated carbon of rough
bamboo and Lithium Hydroxide (LiOH) can be seen from the picture below.
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Figure 4. Diffractogram of rough bamboo Figure 5. Difractogram graph of activated
carbon carbon of rough bamboo
Based on Figures 4 and 5, the relationship between intensity (a.u) and diffraction angle (26)
and there are several significant intensity peaks at certain angles. Diffraction pattern measurement
data of carbon and activated carbon of rough bamboo obtained using the High Score Plus
application can be seen in the table below.

Table 1. Data of each intensity peak, lattice constant, crystal structure of
carbon rough bamboo

The o
Miller index I : 1
po st FWHM ntensity Crysta
[°2Th.] h k 1 (a.u) Structure
44,59 0,3744 1 0 1 100 Hexagonal

Table 2. Data of each intensity peak, lattice constant, crystal structure of
activated carbon of rough bamboo

:::t FWEM Millet index Intensity Crystal
°2Th] h k1 (a.u) Structure
10,67 0,6140 0O 0 2 55,35 Cubic
44,66 0,2558 1 0 0 100 Hexagonal
81,49 0,4093 0 0 1 49,13 Cubic

Based on table 1, the carbon material has a peak at a diffraction angle of 44.59° with a miller
index (101). The lattice constant value at this diffraction angle is the value of a(A) = 2,27 b(A) =
2,47 c(A) = 6,8 with angles « = 90° B = 90° and y = 120° resulting in a crystal structure that is
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cubic. Furthermore, in activated carbon there are diffraction peaks at angles of 10.67°, 44.66° and
81.49° with miller indices (002), (100), and (001). The value of the lattice constant at this
diffraction angle is the value of a(A) = 2,27 b(A) = 2,47 c(A) = 6,8 with angles « = 90° 8 = 90°
and y = 120° resulting in a crystal structure that is cubic and the value of a(A) = 2,46 b(A) =
2,46 c(A) = 6,73 with angles « = 90° 8 = 90° and y = 120° resulting in a crystal structure that is
hexagonal [52]. The addition of diffraction peaks is seen when the carbon after activation
becomes activated carbon. By using equation 1, it can determine the crystal size of carbon and

activated carbon of rough bamboo contained in the table below.

Table 3. Crystal size values of rough bamboo carbon

K A (nm) B (rad) 0 (°) D (nm)
0,94 0,154 0,001341  0,07675 103.4656

Table 4. Crystal size values activated carbon of rough bamboo

K  A(m) B (rad) 0 (°) D (nm)
0,94 0154 0005358 0.307008  25.86603
094 0,154 0002233 012792  62.07923
0,94 0154 0003572  0.204672  38.79936

Based on Table 4 and Table 5, it can be seen that the crystal size of carbon is larger than the
crystal size of activated carbon. The crystal size of carbon has a value of 103 nm. While the
crystal size of activated carbon has a value of 25 nm - 62 nm. It can be concluded that activated
carbon is nano-sized with a crystal size value below 100 nm and can be used as a nanocomposite
forming material. Furthermore, the XRD results of the Lithium Hydroxide (ILiIOH) material using
the 20 angle. There is a graph below.
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Figure 6. LiOH difractogram graph

Based on Figure 6, states the relationship between intensity (a.u) with diffraction angle (20)
and there are several significant intensity peaks at certain angles. Diffraction pattern measurement
data of carbon and activated carbon of rough bamboo obtained using the High Score Plus
application can be seen in the table below.
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Table 5. Data of each intensity peak, lattice constant, crystal structure of LIOH

The o
post FWHM Miller index Inzz'r:;ty SCrYStal

[0 ZTh.] h k 1 tructure
29,98 0,1790 1 0 1 60,39 Tetragonal
33,48 0,2046 1 1 0 100 Monoclinic
36,84 0,2046 1 0 2 53,18 Tetragonal
52,31 0,1790 2 0 0 21,37 Tetragonal

Based on table 5, LiOH has an optimum peak at a diffraction angle of 33,48°. The millier
index at each diffraction angle is (101), (110), (102), (200). The LiOH phase has a lattice constant
value of a(A) = 3,54 b(A) = 3,54 c(A) = 4,33 with angles « = 90° B = 90° and y = 90° with the

crystal structure formed is tetragonal. By using equation 1, it can determine the crystal size of

carbon and activated carbon of rough bamboo contained in the table below.

Table 6. LiOH crystal size values

K  A(m) B (rad) 0 (°) D (nm)
0,94 0154  0.001562 14.99105  91.85342
0,94 0154 0001338 17.37953  108.4756
0,94 0,154 0001785 1842281  81.83213
0,94 0154 0001562 2615964  98.85243

Based on table 6, it can be seen that the crystal size of LiOH ranges from 81 nm - 108 nm.
At each diffraction angle, the LiOH crystal size is generally nano-sized and can be used as a

nanocomposite forming material. The results of XRD characterization using mass variations of

nanocomposites LiOH /activated catbon of rough bamboo with variations of 40%: 60%, 50% :
50%, 60% : 40% can be seen in the diffractogram graph below.
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Figure 7. Diffractogram graph of
nanocomposite LIOH/ activated carbon of
rough bamboo 40% : 60%
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Figure 8. Diffractogram graph of
nanocomposite LIOH/ activated carbon of
rough bamboo 50% : 50%
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Figure 9. Diffractogram graph of nanocomposite LIOH/ activated
carbon of rough bamboo 60% : 40%

Based on Figures 7, 8 and 9, the relationship between intensity (a.u) and diffraction angle
(20) and there are several significant intensity peaks at certain angles. Diffraction pattern
measurement data of carbon and Rough bamboo activated carbon obtained using the High Score
Plus application can be seen in the table below.

Table 7. Data of each intensity peak, lattice constant, crystal structure of the
nanocomposite LIOH/ activated catbon of rough bamboo 40% : 60%

:::t FWHM Miller index Intensity Crystal
°2Th] h k 1 (a.u) Structure
23,27 0,6140 1 0 1 33,51 Monoclinic
30,20 0,4093 11 0 59,01 Tetragonal
31,53 0,2258 0 0 18 100 Rhombohedral
48,60 0,6140 0 0 14 13,85 Rhombohedral

Table 8. Data of each intensity peak, lattice constant, crystal structure of the
nanocomposite LIOH/ activated catbon of rough bamboo 50% : 50%

The Miller index Intensity Crystal
post  FWHM (av) Structure
[°2Th.]
21,17 0,3070 0 O 1 63,73 Tetragonal
30,11 0,4093 0 0 18 76,67 Rhombohedral
31,40 0,6140 1 0 1 100 Tetragonal
36,50 0,8186 1 0 2 31,54 Tetragonal
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Table 9. Data of each intensity peak, lattice constant, crystal structure of the
nanocomposite LIOH/ activated catbon of rough bamboo 60% : 40%

The Miller index Tntensity Crosal

post FWHM y

°2Th] h k1 (a.0) Structure

21,34 0,6140 0 0 1 55,73 Monoclinic
30,22 0,5116 0 0 18 78,52 Tetragonal
31,57 0,3070 1 0 1 100 Rhombohedral

Based on tables 7, 8 and 9, in each variation of the LiOH nanocomposite/rough bamboo
activated carbon produces an optimum peak at a diffraction angle of 31°. Generally, the LIOH
phase in each variation has a miller index of (110), (101), and (0018), respectively. The value of
the kisi constant is the value of a(A) = 3,54 b (A) = 3,54 ¢ (A) = 4,33 with angles « = 90° 8 = 90°
and y = 90° with the crystal structure formed is tetragonal. For the carbon phase, the miller
indices are (0014), (0018), and (101), respectively. The value of the kition constant is the value of
a(A) = 2,46 b(A) = 2,46 c(A) = 5,33 with angles « = 90° 8 = 90° and y = 120° with the crystal
structure formed is rhombohedral. By using equation 1, it can determine the crystal size of
carbon and activated carbon of rough bamboo contained in the table below.

Table 10. Crystal size values of nanocomposites LiOH /activated carbon
using a variation of 40%: 60%

K A(m) B (rad) 0 () D (hm)
0,94 0154  0,003570  0,003088  42,258214
0,94 0154  0,005355  0,004570  29,944394
0,94 0154  0,007140  0,005740 23370558
0,94 0154  0,005355  0,003541  39,138715

Journal of Experimental and Applied Physics, Vol. 2, No. 1 (2024) 69



Febrina et al.

Table 11. Crystal size values of nanocomposites LiOH /activated carbon
using a variation of 50%: 50%

K A(m) B (rad) 0 () D (hm)
0,94 0,154  0,002677 0,002497 55506459
0,94 0,154  0,003570  0,003088  44,874757
0,94 0,154  0,005355 0,004570  30,322659
0,94 0,154  0,007140 00005740  24,145776

Table 12. Crystal size values of nanocomposites LiIOH /activated carbon
using a variation of 60%: 40%

k  A(@m) B (rad) 0 () D (hm)
0,94 0,154  0,005355 0,004988  27,787177
0,94 0,154  0,004462 0,003856 350941048
0,94 0154  0,002677 0,002281  60,751382

Based on tables 10, 11 and 12, it can be seen that the crystal size in the variation of LiIOH
nanocomposite / activated carbon rough bamboo 40%: 60% has the smallest crystal size of 23
nm - 42 nm. In the 50% : 50% variation has a crystal size of 24 nm - 55 nm. While in the
variation of nanocomposite LiOH /activated carbon of rough bamboo 60%: 40% has the largest
crystal size of 27 nm - 60 nm. This shows that if the addition of more activated carbon, the
crystal size will be smaller and better where the crystal size on activated carbon is 25 nm - 62 nm
can be seen in table 4. If the addition of LiOH more then the size of the crystals will be greater
this is due to the size of the crystals in LiOH is 81 nm - 108 nm contained in table 6, then the
addition of LiOH more the size of the crystals will be greater. Based on previous research [1], it is
explained that the crystal size of the anode material increases with increasing LIOH concentration
in the range of 0.2 g - 1.5 g. The smaller the crystal size, the more nano the nanocomposite
material. In the results of this study, it can be concluded that the mass variation of
nanocomposite LIOH /activated catbon of rough bamboo with 40% : 60% has a small, good
crystal size and both of these studies are in accordance with previous research. The addition of
more activated carbon has an optimum diffraction angle of 31.53 © where the value of the lattice
constant is the value of a (A) = 2.46, b (A) = 2.46, ¢ (A) = 5.33 with angles « = 90 °, 8 = 90 °
and y = 120 with the crystal structure formed is rhombohedral in the carbon phase. LIOH
nanocomposite material/activated carbon of rough bambo after being characterized using XRD
has met the standard of being nano particles, which has a crystal size below 100 nm. From the
three mass variations of the nanocomposite it can be concluded that the mass variation of 40%
60%, 50%: 50%, 60% : 40% can be used as a material in battery anodes to improve the quality of
the anode material and can be tested for electrical properties of the material.
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4. Conclusion

The result of XRD characterization is to determine the lattice constant, crystal structure and
crystal size of carbon, activated carbon, LIOH and nanocomposite mass variation. The lattice
constant of the diffraction angle can determine the crystal structure. Carbon, activated carbon
and LiOH are the forming materials of nanocomposite. Carbon has a cubic crystal structure with
a crystal size of 103 nm. peak addition occurs on activated carbon because it has undergone an
activation process. Activated carbon has a hexagonal crystal structure with a smaller crystal size
than carbon, which is 25 nm - 62 nm. Lithium Hydroxide (LiOH) has a tetragonal crystal structure
with a crystal size of 81 nm - 108 nm. In each nanocomposite variation has LiOH phase and
carbon phase. The LiOH phase generally has a tetragonal crystal structure, and the carbon phase
has a rhombohedral crystal structure. In the 40% variation: 60% variation has the smallest crystal
size of 23 nm - 42 nm, this happens because in this variation the addition of activated carbon is
more than LiOH so that it affects the crystal size. In the 60% : 40% variation has the largest
crystal size of 27 nm - 60 nm, this happens because the addition of LiOH is more than activated
carbon. If the addition of activated carbon is more, the crystal size is smaller and if the addition
of LiOH is more, the crystal size is larger. The smaller the crystal size of a material, the more
nano the material will be. So the results of the LiOH/activated carbon nanocomposite synthesis
can be used as a battery anode material and can be tested for the electrical properties of each
mass variation of the nanocomposite.
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