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The aim of this work is to characterize particle of bamboo leaves charcoal produced by 

ball milling process. The characterization parameter are the particle size and the 

morphology of the particle. The milling process was completed in a cylinder vial made 

from stainless steel. The milling element was a steel ball. The dimension of the cylinder 

vial was 120 mm length and 1 inch diameter, while the ball diameter was 0.25 inch. The 

charcoal was crushed manually then sieved with a filter size of 200 meshes. The particles 

passing the filter were then put together with the milling balls into cylinder vial. The 

cylinder vial was shaken to have ball collision for the size reduction. The shaker machine 

was operated at 1000 rpm for 2 million cycles. The empty space in the vial was varied 

for 1/2, 1/3, 1/4 and 1/5 empty space of vial volume. Further work is done to see the 

effect of the machine speed to the characteristics of particles. The machine is operated at 

800 rpm, 900 rpm, 1100 rpm for 1/5 empty space and 0.25 inch ball diameter. Particle 

size analyzer (PSA) was used to measure average particle size, while Scanning electron 

microscope (SEM) and Energy Dispersive X-ray (EDX) were employed to see the 

particle morphology and the content of elements in the bamboo leaf charcoal. The results 

showed that the average size of particles is in the range of 300 nm to 600 nm. There is 

no certain relationship between final particle size and percentage of vial volume empty 

space. The SEM results showed that the particle shape is irregular as a result of fracture 

due to collision. The most dominant element is carbon which is more than 60% and the 

second is silicon dioxide (silica) which is more the 20%. 
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1. INTRODUCTION

Bamboo is a fast-growing plant which is in Ordo 

Bambooidae. It can be harvested at the age of 3 years and the 

production is about 33.4 to 109.2 tons per ha per year [1]. 

Indonesia has a lot of bamboo. It can be found easily in Java, 

Bali, Sumatera, and south Sulawesi [2]. A lot of use of 

Bamboo results in a lot of waste material as well. One of the 

waste materials is bamboo leaves. According to Amu and 

Adetuberu [3], bamboo leaves have high silica content after 

carbon. Silica in nano scale is more effective in promoting the 

growth and development of crop plants [4, 5]. 

Numerous journal studies can be found to examine the 

properties and the effective applications of the bamboo fibers. 

The properties of bamboos are reported recently by Xu et al. 

[6], Tanpichai et al. [7] and Hai et al. [8], while the application 

is of the bamboo on the structure [9-11] and related fabrication 

of bamboo fibers are publicly revealed by Zhang et al. [12]. 

The temperature effects on bamboo fibers were examined and 

found that the bamboo fiber reinforced epoxy composite 

(BFREC) with 40% fiber volume fraction exhibited the 

highest tensile and flexural strength compared to polyester and 

vinyl ester composites [6]. The mechanical properties of 

bamboo were presented [7, 8] and specifically showing the 

behavior on fire [8]. 

Nanotechnology is a science and a technique of 

synthesizing materials, functional structures, and devices at 

the nanometer scale. Nanomaterials can be produced using two 

approaches, namely the bottom-up and top-down approaches. 

The bottom up approach is to start from the atoms or molecules 

that form the desired nanometer sized particles. In the top-

down approach, bulk material is crushed in such a way so that 

the particle produced is in nano scale. The top-down approach 

can be done with ball milling technology, which the size 

reduction comes from the collision between the balls or the 

balls and container walls.  

One of the problems that are still faced in developing 

nanomaterials with ball milling technology is efficiency. It 

takes a long time and low productivity. In addition, the 

resulting particles still have a relatively large size. The ball 

mill method takes between 8-10 hours. The resulting particles 

are between 250-475 μm in size [13]. Supriyono et al. [14, 15] 

developed a new design of ball milling machine and studied 

the effect of cycle number and ball diameter on the final 

particle size and morphology of bamboo charcoal. The final 

particle sizes are in the range of 250 nm to 500 nm.  

With the same machine, Supriyono and Susilo [16] studied 

the effect of the empty space for the ball movement to the final 

particle size of bamboo charcoal. The study was conducted at 

machine rotation of 900 rpm for 2 million cycles. The final 

particle sizes are in the range of 422 nm to 739 nm and there 

is no correlation in between empty space and the final particle 

size. 

Nanoparticles are a very interesting study, because 

materials that are in nano size usually have particles with 

chemical or physical properties that are superior to bulk 
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materials [17]. Two main things that make nanoparticles 

different from similar bulk materials [13]: (1) nano particles 

have much higher ratio between surface and volume when 

compared to similar particles in bulk. This makes the 

nanoparticles more reactive. Material reactivity is determined 

by the atoms on the surface, because only those atoms are in 

direct contact with other materials (2) when the particle size 

goes to the nanometer scale, the applicable physical law is 

dominated by the laws of quantum physics. 

The current research reported in this paper investigated the 

particle properties of Bamboo leave charcoal resulted by ball 

milling. This research is similar to the work done in previous 

work [16], however this work used different material for being 

milled and further work was done to see the effect of the 

machine speed to the characteristics of resulted particles. This 

research used bamboo leaves charcoal which has high silica 

content instead of bamboo charcoal. As research by 

Karunakaran et al. [4], nano silica had shown better effect on 

the growth of crop plants.  

This research works reported in this paper provided an 

added value to bamboo leaves as waste material due to the use 

of bamboo which is abundant in Indonesia. 

 

 

2. EXPERIMENT 

 

Bamboo leaves were processed to be charcoal by pyrolysis 

method. Pyrolysis is the thermochemical decomposition of 

organic matter through the process of heating without or little 

oxygen or other chemical reagents, where the raw material will 

undergo chemical structure breakdown into a gas phase. The 

effect of heating rate in pyrolysis is significant in producing 

charcoal [18]. In this work, about 3 kg of bamboo leaves is put 

in a reactor and heated at 300oC for 4 hours. Pyrolysis will 

produce charcoal, fuel gas, and bio-oil. In this research it 

ignores the last two products, so the process can be called 

extreme pyrolysis or carbonization.  

The resulted charcoal was crushed manually in order to 

speed up the ball milling process. In this research, the particles 

produced from the manual crushing were then sieved with 

filter size of 200 mesh due to availability of the smallest filter. 

The particles passing the filter were proceeded for ball milling 

process. 

The milling process was conducted in cylinder vial made 

from stainless steel. The milling elements was steel balls. The 

cylinder vial has dimension of 120 mm length and 1.6 inch 

diameter. The ball has the diameter of ¼ inch. The particles 

passing the filter were then put together with the milling balls 

into cylinder vial. The cylinder vial was shaken to have ball 

collision for the size reduction. The cylinder vial and the steel 

balls are illustrated in Figure 1. 

 

 
 

Figure 1. Cylinder vial (left) and steel balls (right) 

There must be an empty space in the cylinder vial for the 

ball movement to collide. The emptier space of the vial volume 

is the more the balls to move. It gives higher kinetics energy 

to the balls individually. The first test in this work is to see the 

effect of empty space of the vial volume to the characteristics 

of the resulted particle. In this case, the shaker machine was 

operated at 1000 rpm for 2 million cycles. In this work, the 

empty space in the vial was varied for 1/2, 1/3, 1/4 and 1/5 

empty space of the vial volume.  

Figure 2 is the detail of the ball milling machine used in this 

work. The machine consists of 6 components. The control unit 

is to control the speed of the driving motor, the duration of the 

operation, and automatic switch to turn off the device after 

certain duration of operation which is set. Some displays are 

on the control unit i.e. actual speed of the motor, cycle number 

(representing the duration of the operation), control speed 

button, control duration button and on-off switch. The actual 

speed of the motor is reduced by a reduction pulley with the 

ratio of 1:3. The connecting rod changes rotation motion of the 

pulley into translation motion of swing unit. 

 

 
 

Figure 2. Shaker mill 

 

For recording the results, the experiments were named 

according to the data of the empty space of vial volume, the 

dose of charcoal powder and ball, the total balls and the weight 

of the ball used in the vial. The classification name of vial 

number is shown in Table 1.  

In order to measure the particle size, a Particle Size 

Analyzer (PSA) was used to have average of the particle size. 

Scanning electron microscope (SEM) and Energy Dispersive 

X-ray (EDX) had been used to have particle morphology and 

the element contents in the bamboo leaves charcoal. 

 

Table 1. Content of vials 

 
No. 

Vial 

Empty 

space of 

vial volume 

Dose Total 

Ball  

Weight 

Ball (gr) charcoal 

powder  

Ball 

1 1/2 1/4 1/4 260  279.19  

2 1/3 1/3 1/3 347 360.60 

3 1/4 3/8 3/8 390 405.29 

4 1/5 2/5 2/5 416 432.31 

 

The second test is to have the effect of the machine speed to 

the characteristics of the resulted particles. In this case, the 

74



 

machine is operated at 800 rpm, 900 rpm, 1100 rpm for 1/5 

empty space and 0.25-inch ball diameter. The more speed 

means the more energy for the balls to collide. 
 

 

3. RESULT AND DISCUSSION 

 
The results of particle size analyzer of the first test are 

shown in Table 2. It is shown that the increase in empty 

volume of the vial does not give any certain connection to the 

decrease of the particle size. The smallest particle with average 

size of 349.7 nm is resulted by 1/5 empty space of the vial 

volume. The 1/8, 5/32, and 3/16 empty space of the vial 

volume have average sizes of 588.4 nm, 414.7 nm and 442.8 

nm respectively.   

 

Table 2. PSA results of the first test 

 
Empty space of the vial volume Average particle size (nm) 

1/2 588.4 

1/3 414.7 

1/4 442.8 

1/5 349.7 

 

Table 3. PSA results of the second test 

 
Machine speed (rpm) Average particle size (nm) 

800 557.1 

900 487.1 

1000 349.7 

1100 264.3 

 

 
(a) 1/2 empty space of vial volume, (b) 1/3 empty space of vial volume,  
(c) 1/4 empty space of vial volume, (d) 1/5 empty space of vial volume 

 

Figure 3. Results of SEM 

 

In ball milling, impact and attrition are the main factor for 

the particle size reduction. The impact seems the dominant 

factor for coarser particle and the attrition is the reduction 

factor for fine particles.  

Theoretically, impact or collision energy depends on the 

kinetic energy of the balls. The kinetic energy is determined 

by the speed and the mass of the balls. In this case, the emptier 

space of the vial does not increase the kinetic energy even 

though the balls move more freely. It can be seen that the less 

empty space tends to give smaller particle size. It is due to the 

higher mass of the milling ball that gives more kinetic energy 

to collide.  

Table 3 shows the particle size analyzer of the second test. 

It can be seen that the more speed gives the smaller particle 

size. This is in line with the increase of the kinetic energy for 

the ball to collide. At the same duration of the milling process 

the reduction size rate of the higher speed is greater than the 

less speed. In this work the 1100 which is the highest speed 

rpm gives the highest size reduction rate producing the 

smallest average particle size of 264.3 nm.  

According to Chen at al. [19], the size reduction mechanism 

can be described as follows: materials are repeatedly crushed 

and broken at the time of the grinding process. Crashes occur 

in between the milling balls or the milling balls and the 

container wall. As the results of the high impacts energy from 

the crashes, the particles are severely deformed and produce a 

high density of dislocations and other structural defects.  

The deformation and the dislocation of particles cause the 

continuous size reduction. The particles resulted in this work 

are not in standard of nanoparticle yet. According to Kumar et 

al. [20], nanoparticle is particle in the size of 1 to 100 nm.  

The PSA results are supported by SEM results displayed in 

Figure 3 and Figure 4. The magnification factor set in SEM 

was 10,000 times. Looking at the SEM results shown in Figure 

3 and 4, it is clear that particle size distribution of each test is 

not homogeny. A lot of particles are less than 1 µm, on the 

other hand there are particles that are more than 1 µm. It can 

be said that grinding limit in this work is not achieved yet. The 

grinding limit is the duration of milling process in which the 

increase of the milling time does not make further size 

reduction. In this work the milling time is represented by the 

cycles. It can be looked at the SEM results that the surface 

morphology of the particles for all tests is determined by crack 

mechanism.  

 

 
(a) speed of 800 rpm, (b) speed of 900 rpm,  

(c) speed of 1000 rpm, (d) speed of 1100 rpm 

 

Figure 4. Results of SEM 

 

The results were supported by Eckert & Börner [21] 

suggesting that the surface morphology of the particle 

produced by ball milling is subjected to some variables, for 

example the ball size and the milling speed. The milling speed 

is influenced by the motor speed. 

The compositions of the bamboo leaves charcoal analyzed 

in EDX are listed in Table 4. These EDX elements results 

showing the complete composition of the bamboo leaves 

charcoal. It can be seen that the highest element is carbon 
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which is more than 60% weight. The second highest element 

is silica which is more than 20% weight. The results are 

consistent even the data are taken from different cylinder vial 

with different content space. 

 

Table 4. Composition of bamboo leaves charcoal 

 

 

 

Element 

 

Composition (wt%) 

Empty 

space of 

1/2 vial 

volume 

Empty 

space of 

1/3 vial 

volume  

Empty 

space of 

1/4 vial 

volume 

Empty 

space of 

1/5 vial 

volume 

C 67.21 66.14 67.09 68.47 

MgO 0.66 0.66 0.66 0.66 

Al2O3 1.02 1.02 1.02 1.01 

SiO2 24.09 21.39 23.19 22.59 

SO3 0.46 0.43 0.48 0.43 

C1 0.15 0.16 0.16 0.19 

K2O 0.50 0.50 0.52 0.51 

CaO 2.19 1.90 1.43 1.87 

FeO 0.99 0.87 1.18 1.23 

CuO 0.92 0.82 0.80 0.76 

ZnO 1.10 1.15 1.10 1.22 

ZrO2 0.69 0.97 0.87 1.07 

 

 

4. CONCLUSION 

 

Based on the results presented in this research, it can be 

stated that the variation of the empty space for ball movement 

does not give any influence on the final particle size. However, 

the emptier space means the more freely for the ball movement 

as a grinder, and this parameter influence the speed of grinding 

which influences the surface morphology of the final particle.  

The highest element of the bamboo leaves charcoal is 

carbon and the second is silica. The compositions consist of 

more than 65% are carbon (C) element, 25% are Silica Oxide 

(SiO2) and other 10% are various elements. 
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